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PREFACE

During a year spent at tlie University or British Columbia,

Vancouver, Canada, the writer was encouraged "by Dr. J. Ross Mackay

to study the processes of fluvioglacial erosion and deposition.

An opportunity to commence work on a thesis for the degree of

Doctor of Philosophy at Edinburgh made it possible for this

interest to be developed. After discussion with Dr. J. B. Slssons

the writer decided to map an area of 200 square miles in the

eastern Southern Uplands, and to try to interpret the evidence

collected so as to understand the processes involved in the

deglaeiation of the area.

Throughout the period spent in Edinburgh the -writer has

been indebted to Dr. J. B. Siseons for his advice, criticism

and inspiration. Dr. Sissons' enthusiasm for glacial geomorphology,

both in the field and in the Geography Department has been a

source of great encouragwnent. Thanks also go to Professor Watson

for the constant support he has given.

The writer is thankful for financial help from the University

of Edinburgh in the form of two research studentships and two

research grants, permitting him to devote his full attention to

his research for three years and to carry out. two seasons of

fieldwork in the Southern Uplands. Research grants also made

it possible for the writer to visit Switzerland and southern

Ireland. The writer acknowledges his indebtedness to

Mr George Elliston of Cambridge, leader of the Gornergletacher

Glaclological/
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Glaciologlcal Survey, Tor opportunities to study glacial features

in the vicinity of Sennatt.

Wannest thanks are due to the many people who have helped

"by discussion and practical assistance during the preparation

of this thesis. Special mention must "be made of the staff of

the Aerial Photographs Library, Department of Health for Scotland,

and of the officers of the Geological durvey In Edinburgh. The

facilities provided by the Professor of Geology at Edinburgh

University for the cutting, and examination, of thin sections

are much appreciated.

The cartographer in the Department of Geography, Mrs Simister

assisted with the maps and diagrams and Mrs Philp typed the script.
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CHAPTER I

INTRODUCTION

1. The Problem

In the British Isles, in the Quaternary Era, glaciers

advanced from high ground to lower ground. Deglaoiation lias

heen frequently understood as the retreat of the glaciers hack

to areas of high ground until they finally disappeared in the

cirques where they were initiated. Even though forward motion

in the ice continued, the ice front retreated because ablation

at the ice front was assumed to be greater than replenishment

by forward movement. In recent years the development of the

concepts of downwastage and stagnation of ice sheets and glaciers,

has led to a new interpretation of the method of ice dissipation.

The land forms produced by ice retreating from low ground to

high ground and those produced in association with stagnant,

downwasting ice are very different. The problem, therefore,

is to establish the relationship of the land forms that resulted

from glacial deposition and fluvioglacial erosion and deposition,

to the ice that covered the area. When that relationship is

understood the method of ice dissipation can be established.

2. The Nature of the Evidence.

The former existence of a glacier or ice sheet in any area

can/



can be determined by the presence of glacial and fluvioglacial

deposits and by land forms produced by glacial and fluvioglacial

erosion. In this thesis special attention is paid to the land

forms produced by fluvioglacial erosion and deposition. In

particular, the description and interpretation of a large number

of former meltwater channels provides evidence relating to the

nature of the dissipation of the last ice to cover the area.

3. Method of Study.

An area of approximately 300 square miles in the eastern

Southern Uplands was selected for detailed study. Air photo¬

graphs of the area, on the scale of 1i10,000, were stereoscop-

ically studied prior to fieldwork and all indent!fiable forms

of glacial and fluvioglacial erosion and deposition were marked

on them and subsequently transferred to Ordnance Survey six-inch

sheets. The map sheets were then taken into the field and

alterations and additions made wherever necessary. All exposures

in the drift of the area were examined.

Pieldwork was also carried out in areas other than that

considered in the thesis. Pour weeks were spent on, and in the

vicinity of, the Gorner Glacier, above Zermatt, Switzerland,

where the behaviour of meltwaters on the surface, at the margins,

and at the snout, of active glaciers was observed. Excursions

to other parts of the Southern Uplands, Southern Ireland and

the/



the Scottish Highlands were also made to study land forms

resulting from glacial and fluvioglacial erosion and deposition.

The area selected for detailed examination coincides with

the drainage area of the River Tweed, west of Innerleithen and

for the most part it corresponds with the county of Peeblesshire

(Fig. 1). The Tweed drainage area extends beyond the ridge-and-

valley topography of the Southern Uplands, across relatively low,

undulating country to the south-eastern slopes of the Pentland

Hills. This area of diverse topography was chosen so that a

variety of features could be examined.

4. The Organisation of the Thesis.

A resume of the history and present status of the problem

of deglacietion is presented in chapter II. The literature

available on fluvioglacial erosion and deposition and on glacial

deposition is summarized and discussed. In chapter III the

literature on the glaciation and deglaciation of the Southern

Uplands is similarly treated.

Chapters IV, V and VI are concerned with the three parts

into which the Tweed drainage area, west of Innerleithen, has

been subdivided for ease of presentation. Each of these chapters

commences with a descriptive summary of the relief and geology

and a review of previous work. The major part of each chapter

comprises the observations and interpretations of the present

writer concerning glacial erosion and the direction of ice

movement/



movement, glacial deposition, fluvioglacial erosion, and

fluvioglacial deposition.

In the concluding chapter the extent of ice cover, the

method of ice dissipation and the processes involved in fluvio-

glacial erosion and deposition within the thesis area as a whole,

are discussed. An attempt is made to correlate the events of

the glaclation and deglaciation recorded in this area with the

chronological framework of the Quaternary Era in Scotland.

There is an appendix which includes, in tabular form,

information about all the meltwater channels indicated on the

large-scale maps. An analysis of the distribution of a distinct¬

ive type of felsite occurring in the drift of the thesis area

is also described and certain conclusions about the direction

of ice movement, obtained.

The illustrative material for the thesis is bound in a

separate volume fox* ease of reference. Maps on the scale of

3 inches to one mile, of all the localities where forms of

fluvioglacial erosion and deposition are abundant, are presented.

Photographs of examples of land forms discussed in the text are

also included in volume II.



CHAPTER II

THE PROBLEM OF DSCXACIATION

1. History, and Present Status of the Problem

The fieglaciation of an area has often been studied in terms

of the development of ice-dammed lakes and their associated drain¬

age channels. The recognition of ice-dammed lakes on the basis

of the occurrence of glacial drainage channels and of associated

deposits led to the reconstruction of successive positions of the

ice margin. Kendall's (1902) interpretation of the glacial

drainage channels and ice-dammed lakes of the Cleveland Hills

has long been the model for studies of fluvioglacial erosion and

deposition associated with the deglaciation of areas in Britain.

Stimulated by the publications of Scandinavian workers on the

processes involved in the deglaciation of the Norwegian and

Swedish Highlands, a re-appraisal of the processes involved in

the origin of glacial drainage channels and their associated

deposits was commenced in Britain. Since 1953 a series of papers

by sissons (1953a, b, c, 1960b, 1961a, b), Price (I960) and

Derbyshire (1961), applying the concepts so strongly put forward

by the Scandinavian geomorphologists (e.g. Kanmerfelt 1945,

1949, Hoppe 1950, Gjessing I960), have resulted in a new approach

to the problem of deglaciation and the old ideas, primarily based

on Kendall's work, have had to be largely rejected.

Waters/
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Waters overflowing from ice-dammed lakes have long been

postulated as the cause of many glacial drainage channels. Sir

Archibald Geikie (1863» p. 28) suggested that some channels in

the Tweed Valley near Brumelzier and others in the Manor Valley

(Peeblesshire), seem as if they have been formed when the

lateral glens were dammed up so as to form lakes, and the pent-up

waters escaped by cutting out channels for themselves by which they

escaped into the main river". J. Geikie (1369, p. 18) writing

about the same channels suggested that, " they should be

referred to a time when the drainage of the district was greatly

modified by large accumulations of snow and ice."

The great controversy over the origin of the parallel roads

of Glen Roy that started with the publication of Jamleson's

classic paper (1363) embodies the two major problems associated

with the existence of large bodies of water dammed by ice, namely,

the efficiency of ice as an impenetrable barrier to meltwaters, and

the development of shore-line and lake-bottom deposits. Jamieson

(1363, 1392) postulated ice-dammed lakes overflowing through

various cols in the Loch&ber area, to account for the parallel roads

as the beaches or shore-lines of the lakes, and he used the example

of the Marjelen See as an illustration of the strength of ice-

barriers. Prestwich (1879), however, pointed out that the

Marjelen See was drained almost every year through crevasses in

the/
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the glacier. Presiwioh cited other examples of englacial

drainage and carce to the conclusion that glacier ice at the end

of Glen Roy could not have withstood the hydrostatic pressure

of lakes of the size suggested by Jamieson.

Some 23 years before Kendall published his work on the

Cleveland Hills, therefore, there was doubt as to the efficiency

of glacier ice as an impenetrable dam and Prestwich had suggested

englacial and subglacial drainage. Between 1390 and 1912 much

evidence of rneltwater drainage on, Into, and ixnder glaciers was

made available by studies of Alaskan glaciers by Tarr, von Bngeln

and Russell, and from other areas by Tarr, Garwood, and Kabot.

In the Introduction to his work on the Cleveland Hills, Kendall

mentioned the theoretical possibility of englacial and subglacial

drainage. Although aware of the work on existing glaciers he

did not apply it to the Cleveland Hills and nowhere does he

refer to drainage into or beneath the ice. The record of the

discussion that followed the reading of Kendall's (1902) paper

indicates that it was very well received. Referring to Kendall's

work on the Cleveland Hills, Harmer (1307, p. 470), wrote, "It

is clear, moreover, that such cases (of ice-daaaned lakes) must

be typical and not anomalous". This general acceptance of the

development of ice-dammed lakes and the cutting of overflow

channels continued for many years.

Sissons/



Sissons (1960b, p. 132-133) has discussed In detail the

limitations of Kendall's work and the effect it has had on studies

of deglaclation in Britain. He has shown that the existence of

glacial drainage channels does not necessarily mean the existence

of ice-dammed lakes. The rarity of shoreline features, the rarity

of definite deltas and the absence of proven lake deposits all

suggest that ice-dammed lakes of considerable extent were the

exception rather than the rule. The problems that are encountered

in explaining up-down channels, the absence of channels in local¬

ities where they would be expected on the lake hypothesis and the

occurrence of channels on the reverse slopes and minor summits of

spurs, are very difficult to explain if lake overflows are held

responsible for the formation of channels. Sissons also pointed

out that although Kendall's work has been widely accepted and

applied, a few workers (e.g. Carruthers 1939, 1940, 1943) have

expressed doubts as to the validity of Kendall's views and suggested

that the supposed lake sites were occupied by stagnant ice.

Hollingworth (1952), believed that at the stage of maximum

glaciation, areas such as Lake Pickering would be more likely to

be occupied by masses of stagnant ice rather than by bodies of

ox>en water.

The difficulties encountered by workers attempting to apply

Kendall's hypothesis to other areas began to be appreciated follow¬

ing the publication of papers by Mannerfelt (1945, 1949) and other

Scandinavian/



Scandinavian workers. Publications by Sissona (1958a,b,c, 1960b,

1961a,b) relate the concepts developed by the Scandinavians to the

deglaciation of parts of the British Isles and show clearly the

weaknesses inherent in Kendall's hypothesis.

2. Plnvioglacial Erosion in Presently Glaciated Areas.

Of particular relevance to the present study is the information

that is available in the literature on fluvioglaoial erosion in

areas still covered by ice. Writing in the Quarterly Journal of

the Geological Society, London, 4 years before Kendall's work on

the Cleveland Kills was published, J3.J. Garwood (1399) described

meltwater streams that he had observed on glaciers in Spitsbergen

(Ph 1, 2). He paid particular attention to meltwater streams

flowing in tunnels near the surface of glaciers, in the vicinity

of Nunataks, and to voluminous streams that had cut channels into

the surface of the ice, in King James's Land.

The glaciers of Alaska have proved to be excellent sources

of information about fluvioglacial erosion. The work done during

the period 1890 to 1912 on the glaciers of Yakutat Bay by Russell,

Tarr, Butler and von Bngeln, included raany observ tions on melt-

water drainage. Tarr and Butler (1909) described a valley on

the eastern margin of Hayden Glacier, through parts of which a

stream flowed. The valley had ice on one side and gravdl bluffs

200-400 ft. high, or a steep rock face, on the other. They stated

(P. 142)/
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(p. 142) that "...in one place the stream has cut a gorge ©cross

a rock spur. When Hayden Glacier has disappeared, this gorge will

form a gulch on the mountain slopes high above the valley bottom.

The course of the valley elsewhere will be marked by a precipitous,

trimmed slope and by a complex of stream and marginal lake-deposits

with irregular topography, but the other valley-wall will be missing.

Other glaciers present similar phenomena, and short gorge sections

are not uncommon where the glacier, by crowding against rock spurs,

has forced the stream across them". The authors described one

of these gorges, half a mile long, that was cut to a depth of

200 feet in granite.

Writing in 1309, R.S. T-arr described marginal drainage channels

of several different types. Some were benches formed by streams

flowing between a rock wall and the ice margin; others were well

developed channels with two rock walls while others were deep

gorges. Tarr pointed out that many marginal channels were char¬

acterized by lack of continuity as the meltwater streams that cut

them either flowed beneath the ice or left the ice margin and cut

across rock spurs. He also stated (p. 100) : "Where engaged in

gorge cutting these streams work with great rapidity, for the

volume is great, the sediment load heavy, and therefore, with

sufficient grade to prevent deposition, they are active agents of

erosion".

Von Bngeln (1912) concluded that large-volumed marginal

streams/
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streams only occurred after a rapid advance of valley glaciers.

He believed that when a glacier had existed for a long time,

without experiencing any spasmodic disturbance, its lateral

drainage would normally be submarginal, that is, "...under the

ice but near its lateral edgew(p. 109). His conclusions were

based on observations made of supraglacial streams becoming con¬

fluent and descending moulins, and of other streams draining the

valley sides, being relatively warmer, cutting courses under the

ice margin. Von Engeln described meltwater streams emerging at

the front of Hidden Glacier, near each lateral margin. He took

temperatures in the waters draining off the valley sides, towards

the ice, and since they were as high as 44°F in July and early

August, it was not surprising that they cut submarginal courses.

The description of meltwater drainage associated with glaciers

in Spitsbergen and Alaska can leave no doubt as to the extent and

efficiency of suoh systems. The marginal channels occupied by

fast-flowing, heavily-laden streams indicate the ability of such

streams to erode deep channels in solid rook (Ba 3, 4, 5). The

observations of von Engeln also established the probability of

submarginal drainage and the development of englacial and sub-

glacial drainage in stagnant ice. The existence of large mar¬

ginal streams only in association with glaciers known to have

been recently active has not yet been denied.

Sharp (1S47) described meltwater streams flowing on, and

at/
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at the margin of, the Wolf Creek Glacier, Alaska. The gradients

of the supraglacial streams were relatively high; they were turbid

with suspended matter and due to the low coefficient of friction

in the ice channels even the small streams were transporting

relatively large fragments by traction. The marginal streams

of the Wolf Creek Glacier were fed by direct melting of ice walls,

supraglacial and englacial streams and by land streams. The

courses of the marginal streams were not long as the$i soon cut

courses into the ice. Some abandoned bed-rock channels, above

the present ice margin, w§re 20 - 150 feet deep, narrow, steep-

sided and partly choked with boulders (Pig. 2). Sharp (1947,

p. 51) states that "Some are short, aligned gulches crossing

successive spurs between tributary valleys; others are clearly

cut-off lopps of entrenched meanders left hanging at both ends.

Longer and straighter bedrock channels are continuous with remnants

of narrow terraces representing the parts of the channels along

which the glacier formed one wall. The position of some bedrock

channels is determined from a morainal cover, but others are

located along the lines of overflow from ponded drainage".

Work on the Moreno Glacier, Patagonia, by Nichols and Miller

(1952) supports the concept of subglacial and englacial drainage

of marginal lakes. Further work in Norway by Liest^l (1955)

also deals with the drainage of ice-dammed lakes and again the

subglacial and englacial routes are proved. In a study based

on/
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oil air-photograph interpretations of lateral drainage channels

along the northern side of the Moltke Glacier, north-west

Greenland, Schytt (1956) described a series of almost horizontal

channels, sometimes connected "by downslope chutes, cut in rock.

He stated that this series of channels, which are 90 to 100 feet

deep, was not an indication of the rate of annual ablation, one

channel "being formed each year. The channels were so arranged

that the ice surface would have had to "be lowered 15-20 iru each

year which is an amount too great for north-west Greenland.

By 1920 much of the information about fluvioglacial erosion

that has been included in this section had been published but its

significance was not realized for over 25 years by workers studying

the deglaciation of areas in Britain. The existence of large

meltwater streams at and beneath the margin of, on the surface of,

within and beneath, glaciers that were decaying, capable of

eroding large channels in rock., moraine and in ice was established

by the early workers in Alaska. They also implied that during

dissipation the ice surface downwasted.

3. Fluvioglacial Erosion as Interpreted from Meltwater Channels
in Areas of Former Glaelation

The significance of the type of meltwater drainage described

in the previous section has only been fully appreciated in studies

of the deglaciation of Britain during the past four years. It

was in Scandinavia, after 1945 that the re-appraisal of meltwater-

drainage/
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drainage evidence took placd and the concepts developed there-

were later applied "by British geomorphologists.

Two papers by Mannerfelt (1945, 1949) were the forerunners

of many others which applied the observations made in Alaska, and

other places, to the channels mapped in the Swedish-Norwegian

mountain terrain. The ice sheet covering that mountain mass

began to downwaste, the higher peaks and ridges emerging above the

ice surface. The meltwater channels occurring in cols, that were

observed by Mannerfelt, originated between the highest peaks as

they emerged above the ice surface. The channels were not generally

the result of outlet drainage from ice-dammed lakes, but were formed

(1945, p. 224) "...by streams which flowed along through the

mountain passes at the bipartition of the shrinking ice mass".

Channels were also cut between the ice and the rock of the emerging

spurs and ridges but Mannerfelt point out that (p. 223), "A

typical feature is that the lateral meltwater tries to take a

sublateral or subglacial course under the ice margin". He also

realised that the ice remained longest in the valleys and that along

the margins of these downwasting ice masses marginal channels were

cut which in places were traversed by subglacial chutes. Mannerfelt

suggested that the occurrence of flights of marginal channels

separated by fairly constant vertical distances, indicated that the

ice surface was lowered by ablation between 3 and 5 meti'es teach

year. Since these channels were formed at the ice margin they

would/
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would also indicate the slope of the ice surface. After

measuring the gradient of many marginal channels Mannerfelt con¬

cluded that the gradient of the ice surface was between ? and

3m. s 100 m.

.Both the ideas put forward by Mannerfelt have been subjected

to criticism. To determine the gradient of the ice surface and

the rate of downwastage (i.e. annual ablation) by using observat¬

ions on meltwater channels, there must be no doubt about the

marginal origin of the channels, Mannerfelt himself stated that,

(1S49, p. 137), "There is always a natural tendency for the

lateral meltwaters to undermine the margin of the ice and find

their way into the subglacial chutes. Sublateral drainage gullies

are the commonest type". It has proved almost impossible to

attribute with certainty a marginal position to any channel during

its formation as even channels that are parallel to the present

contour pattern could be submarginal. Therefore it is usually
impossible to use meltwater channels to determine the slope of the

ice surface and the rate of downwastage. Measurements made in

certain other areas of the vertical distances that separate

almost horizontal channels that occur in flights have been too

great to attribute each channel to one year's ablation (Gillberg,

1356 and Holdar 1957).

Hoppe (1950) also demonstrated the progressive thinning of

the ice-sheet in gcandinavia. He described fluvioglacial features

similar/
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similar to those described by Mannerfelt, i.e. marginal, sub-

glacial, and overflow channels and reached similar conclusions

as to the gradient of the ice surface and the rate of downwastage.

Hollingworth (1952) was the first worker to apply the con¬

clusions of the Scandinavian workers to Britain. He pointed out

that the highest meltwater channels in an area do not necessarily

indicate the maximum encroachment of the ice. He also presented

evidence which indicated that the climate of the Hewer Drift period

in the Cleveland Hills was such that large areas of open water,

such as Lake Dickering, were not likely to have existed at the

maximum of ice advance. The valleys at the margins of the main

glaciers were more likely to have been occupied by masses of stag¬

nant ice.

Publications by Gillberg (1956) and Holdar (1957), continued

the work of Mannerfelt and added some more details to our knowledge

of flurioglacial erosion. Gillberg (1956) pointed out that for

marginal drainage to develop, crevasses and other hollows at the

ice edge must have been closed and for this to happen the ioe must

have been moving a little. If the ice was completely stagnant,as

was implied by Mannerfelt (1945, 1949) and Hoppe (1950), much of

the melt-water drainage would be subglacial. Gillberg described

three types of marginal drainage channels strictly lateral, extra

lateral and sublateral and he states that (p. 446) "Most marginal

forms are sublateral". Channels that Gillberg called " sublateralw

are/
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are usually termed "submarginal". He also stated that (p. 446)

"Subglacial chutes ....always begin at terraces of glacial lakes

(in this area) - they have probably all been subglacial outlets".

The absence of many strictly marginal features made it impossible

to determine the gradient of the Ice surface.

Holdor (1957), stressed the importance of the deglaciated

land areas as a source of water that eventually drained into the

marginal channels. He described the development of marginal and

subglacial drainage as well as the drainage of ice-dammed lakes,

over the ice* under the Ice and over land passes. Since annual

ablation varies considerably from year to year Holdar pointed out

that the similar vertical interval between successive marginal

channels stated by kannerfelt to be caused by annual formation,

was open to question. Holder expected the vertical interval to

be irregular'.

The study of fluvioglacial erosion received stimulus in

Britain from Peel's detailed work on, two large Northumbrian melt-

water channels, in which he posed problems that required further

study. The two channels, interpreted by Dwerryhouse (190?) as

lake overflows, have marked up-down profiles difficult to reconcile

with that interpretation. Peel tentatively suggested a reversal

of flow of waters from two lakes to explain the up-down profiles

and did not consider (p. 87), "the attractive- though here quite

untenable- conception that the channels were cut in their entirety

by subglacial waters under hydrostatic pressure".

Twidale/
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Twidale (1956), answered Peel's request for more detailed

studies of similar forms In a paper on some channels in north

Lincolnshire. He described four channels with up-down long profiles

and suggested that they were formed in two ways* 1) as the result

of the preglaoial form of the ridge that was out through by the

overflow channel and 2) as a result of the reversal of flow of

waters from two ice-dammed lakes. A third process was also

discussed but it was only concerned with explaining changes in

the gradient of the long profile of an overflow channel and not

with up-down profiles. Similarly the first process discussed

by Twidale, that of the effect of preglacial drainage is not con¬

cerned with erosional up-down profiles produced by meltwaters.

Later in 1956 Peel commented on Twidale's paper, pointing

out several weaknesses In the hypothesis put forward to explain

up-down profiles by reversal of flow. Peel referred to the

work of Mannerfelt (1945) and suggested that (p. 486)".... some

at least of the channels which exhibited an anomalous up-and-

down profile may have been excavated in part at least, sub-

glacially". The broader implications of downwasting ice occupy¬

ing the proposed lake sites was not discussed and it was not until

1958 that papers were published that discussed marginal and sub-

glacial drainage channels formed in association with downwasting

ice in Britain.

Meanwhile/
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Meanwhlle, during the years 1956 and 1957, papers by Twidale

(1956), Embleton (1956), and Straw (1957) retained the classic

interpretations of meltwater channels as produced by overflows

from ice-dammed lakes. There is no point in presenting an extensive

criticism of these papers as the general principles involved have

been discussed by Sisaons (1953 a, b, c, I960 b, 1961 a).

J. B. Sisson's contributions to our understanding of the

part played by, and the significance of, fluvioglacial erosion

during the deglaciation of certain part3 of Britain, has been

considerable. He was the first worker to apply the concepts

developed by Mannerfelt and other Scandinavian workers, to the

deglaciation of upland areas in Britain. During 1953, three papers

were published by Sissons, that included evidence of the former

existence of masses of stagnant, downwastlng ice, around and

beneath which iaeltwater streams cut channels in positions that

were determined by the presence of ice. Sissons located the

successive positions of the ice margin,' in the three areas he

mapped, by means of the position of marginal channels and ice-

contact deposits. Recent work including that done by Sissons,

has shown the limitations of this technique. Similarly the

calculations of the gradient and rate of downwastage of the ioe

surfaces in the Edaleston Valley and East Lothian based on the

gradient of, and vertical distance between, marginal channels is

also unreliable because the strictly marginal position of the channels

cannot be proved.

The/
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The most recent contribution by the Scandinavian school of

geomorphologlsts to the problem of deglaciation has been made by

Guessing (I960) in his lengthy work on "The Drainage of the

Deglaciation Period, its Trends and Korphogenstic Activity in

Northern Atnedalen*. The emphasis of Gjessing's work is on sub-

glacial erosion and deposition. The absence of definite ice-

marginal features limited the author's Interpretations of the

gradient of the ice surface. He states (p. 44?), "As the material

on which the present study is based yields no reliable conclusions

concerning the gradient of the ice surface, the chronology of the

emergence from the ice of the different partsof the area cannot be

determined". However, he does state that (p. 446), "All channels,

those formed at the ice margin and those formed under the ice,

Indicate the direction of slope of the Ice surface". Utilizing all

the conclusions of the earlier workers in areas of existing glaciers

and in deglaciated areas, Gjessing1s work represents the culmination

of many years of research on the processes involved in deglaciation.

The excellent evidence at his disposal made it possible to recon¬

struct in detail the processes involved in the deglaciation of

Northern Atnedalen.

Two recent papers by Sissons (1960^ 196la), summarize the

development of the concept of meltwater drainage associated with

dovrawasting ice masses. He points out the limitations of applying

Kendall's hypothesis, of the formation of meltwater channels, to

every area regardless of the absence of definite evidence of the

former presence of ice-dammed lakes. Having worked under the

guidance/



21

guidance of Br Sissons, the writer has been familiar with the

development of his ideas during the past three years. The

concepts presented in the concluding ahapter of this thesis will

be seen to agree with those presented in Br Sissons' most recant

publications but the field evidence on which the writer's con¬

clusions are based, will be presented first.

Literature dealing with the processes of deglaciation

in general and the formation of meltwater channels in particular

can be seen to be extensive. From the sound basis of the

observations made by von Engeln, Tarr, Martin, Sharp and others, ■'

in areas of existing glaciers, meltw&ters flowing on, at the

margin of, within and beneath the ice are known to be capable

of eroding deep channels when they come into contact with solid

rock or drift. The development of marginal benches, marginal

channels and submarginal (sublateral) channels, has been observed

in areas presently glaciated. The hypothesis of subglacial

erosion has been clearly demonstrated In Scandinavia, Britain

and North America. The simple concept put forward by Kendall

in 1902 to explain glacial drainage channels has been superceded

by a much fuller and more comprehensive hypothesis, The existence

of ice-dammed lakes is not denied but depositions! evidence in

the form of shore-lines, bottom deposits and deltas must be added

to the presence of channels before the origin of the channels can

be attributed to the overflow of water from such lakes. When

the/
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the implications of downwastage as against horizontal retreat are

realized the sites of postulated lakes are often seen to have "been

occupied by masses of dovmwasting ice and the channels that were

formerly attributed to overflows from the lakes are attributed to

meltwaters flowing in channels determined by the presence of ice,

4. Fluvioglacial Deposition in Areas Present!:/ Glaciated

The expeditions led by I,C, Russell to the glaciers around

Y&lcutat Bay, Alaska, in 1390 and 1391, provided glacial geomor-

phologists with a great deal of information about fluvioglacial

deposition. The observations recorded by Russell (1392, 1393)
were the basis of several papers published before the end of the

♦

century, that interpreted fluvioglacial deposits in areas of former

glaciatlon in North America, It seems strange that the evidence

of subglaeial deposition presented by Russell was used by glacial

georrjorphologists but his comments on subglacial drainage and erosion

were ignored, Russell described marginal, supraglacia!, englacial

and subglaeial streams and realized the significance of such

drainage in the deposition of sands and gravels. He wrote

(1892, p, 181), "The formation of osars seems fully explained by

the subglacial drainage of the Malaspina ice sheet. On the north

side of the glacier there are many streams which flow into tunnels

and carry with them large quantities of gravel, sand and mudj

while on its southern, and eastern margin many streams emerge from

tunnels and bring out large quantities of water-worn debris".

Russell/



-23-

Russell described the formation of "alluvial cones" at the

exits of the subglacial channels and envisaged the deposition of

materials on the tunnel floors. The increasing thickness of the

deposits would bring a subglaclal stream in contact with the loe

forming the roof of its tunnel and farther melting would take place.

He concluded that (p. 181), "In this way deep narrow deposits of

cross-stratified gravel might be formed within a glacier, which

when the ice melted would assume an anticlinal structure, owing

to the displacement of the material along its sides".

Towards the end of the nineteenth century, British geossor-

phologlsts were also provided with information about subglacial

deposition as a result of expeditions to Spitsbergen by Sir fartin

Conway and E.J. Garwood. Garwood (1899) described supraglaelal

streams containing rounded material and of one stream., that drained

a lake formed on the lee side of a nunatak, he wrote (p. 685)*

"....the water of the lake escaped with great impetuosity down.....

a tuhriel 12-15 feet in diameter excavated in the solid ice. The

debris.....had evidently been carried with great force along the

tunnel during the bursting of the lake in the previous spring and....

it still strewed the mouth and floor of the tunnel. As the climate

ameliorated this waterworn glacial material would be deposited as

a gravelly ridge, running roughly at right angles to the long axis

of the valley and forming a kame."

Further/
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Further publications by Tarr (1909) and Tarr and Scutler

(1909), on the Alaskan glaciers included descriptions of fluvio-

glacial deposition. The formation of eskers in subglacial tunnels

in stagnant ice and the development of kames, as a result of ice

melting irregularly from beneath stratified gravels, were discussed.

Kame terraces, high above the existing ice surface, were described

and the fact that such gravels can survive overriding by ice during

a readvance was established. The observations made in Alaska by

Tarr and by Butler stressed the complexity of ice-marginal deposits.

Tarr (19C9, p. 98) stated: "Till and stratified sand, gravel and

clay are often inextricably mixed, and the variations, both of

texture and stratification, appear according to no known law".

Studies along the margin of the Alaskan glaciers indicate that
conditions are ever changing and the nature of the material avail¬

able and the environment in which that material is deposited are

very variable.

R.P. Sharp (1947) writing about the Wolf Creek Glaciers in

Alaska, described how marginal streams destroyed lateral moraines

to form kame terraces. He also pointed out that the damming of

marginal streams by the closure of outlets through the ice, or by

slumping of material off the ice sirrface, produced long, narrow,

marginal lakes in which stratified deposits were laid down. The

same author, writing in 1949, described the development of

fluvioglacial deposition in supraglacial streams and in ice-walled

ponds. The eventual abandonment of the stream channels' an<*
the/
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the draining of the ponds, produced ridges and hummocks of fluvio-

glacial deposits on the ice surface. These deposits resulted in

differential melting rates produced by protection given by the

fluvioglacial deposits to the ice on which they rested.

In 1949, W.V. Lewis described an esker in the process of

formation in the Jotunheim. He concluded that it was formed

beneath the ice in standing water. Another paper describing eskers

in the process of formation in Wyoming, U.S.A., was published by

Meir (1954) and again a subglacial origin in tunnels under the ice

was suggested.

The evidence collected by geomorphologists working in areas

of existing glaciers pertaining to fluvioglacial deposition is

extensive. Marginal, subglacial, supraglacial and proglacial

deposition have been observed and described, Geomorphologists working

in areas formerly glaciated have used this information extensively.

5. irluvio;lacial Deposition In Areas Formerly Glaciated.

After the publication of Russell's papers on the glaciers

of Yakutat Bay (1892, 1893), papers were published by Stone (1893)

and Hershey (1897), applying the principles of marginal, and sub¬

glacial, fluvioglacial deposition, outlined by Russell, to similar

deposits found in Maine and Illinois. Stone realized the significance

of relatively warm waters flowing from the land surface above the

ice into tunnels which they were capable of cutting and enlarging

beneath/
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beneath the ice. Hershey (1897), pointed out that, "If instead

of mapping the deposits "by their present areal extent, lines are

drawn through the crests of the ridges, the analogy with an

ordinary drainage system will he very close". Hershey also

suggested that melt?rater streams flowing in subglacial tunnels

were capable, because of hydrostatic pressure, of depositing gravel

100 feet above the point of its erosion.

During the 30 years, 1902-1932, a large volume of literature,

relating to fluvioglacial deposition, was published. Crosby (1902)

Gregory (1912), Trowbridge (1914), Giles (1918) and Chadwick (1928),
Flint (1928, 1930), and. Brown (1931) are a few of those who

published descriptions and explanations of kames and eskers. The

debate of the subglacial versus the supraglacial and proglacial

schools of thought was summarised in 1928 when Flint stated that

eskers and kames were polygenetic. The outcome of all the detailed

description of these forms in areas of former glaciation produced

new concepts of deglaciation and in turn started another major

controversy amongst geomorphologists. Flint (1929, p. 256)

outlined two methods of ice dissipation, "These are, l) retreat of

ice due to excess of melting over alimentation, with the preservat¬

ion of a well-defined glacier front; and 2) dissipation of the ice

as a "dead" or stagnant mass resulting from total loss of forward

motion while at its maximum southward extent". These two methods

of ice dissipation each produce characteristic land forms. Normal

retreat/
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retreat results in recessional moraines channelled by proglacial

streams, and dissected outwash terraces traceable into specific

recessional moraines. (Pig. 3). The concept of downwastage implies

the appearance of nunataks and the washing of debris by meltwaters

on to the ice occupying the lowlands and therefore protecting it

from melting. The shrinkage of the ice is inward from the valley

sides resulting in the formation of marginal lakes and the formation

of ice-contact kame terraces. It is possible that paired terraces

would develop on either side of a valley due to hydrostatic con¬

nection through crevasses in the ice linking two marginal lakes.

Kettles occur in the almost horizontal terraces and some terraces

would be related to spillways that drained the marginal lakes in

which the deposits accumulated.

The concept of the downwastage of an ice mass with the result¬

ant development of characteristic fluvioglacial forms, sometimes

related to an englaclal water-table, was applied by Flint (1930)

to the deglaciatlon of central Ireland. In 1931 Anderson published

similar opinions based on work in Denmark and he enlarged the

concept by suggesting that when the ice surface became no thin that

the water-table was high enough to cause the ice to lift, there was

a rushing, and irregularly streaming, meltwater drainage that would

produce kames and pitted plains.

In a paper or the deglaciation of hew England, H.J. Lougee

(1940) presented strong criticism of the concepts of stagnation

and /
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and downwastage championed by Flint and Anderson. Lougee pointed

out that features that, on the basis of their morphology, had been

deduced as being formed in contact with stagnant ice could have

been formed in contact with active ice? he cited examples of

kettles, reticulated ridges and long ice contacts formed in associ¬

ation with active ice, in New England.

In 3-942, Flint and Demorest published a more detailed account

of the evidence that glacier thinning occurred during deglaciation

and the forms that developed as a result of such thinning. Evidence

from existing glaciers indicates that thinning does take place but
it is not necessarily accompanied by stagnation. That the ice

surface downwasted in a particular area will be indicated by the

presence of a succession of lateral moraines or kame terraces but

these forms are not necessarily associated with stagnant ice.

The authors conclude that (p. 132) "....the available evidence

indicates that separation or stagnation of vanished ice can rarely

be proved and that at best it can be inferred to have affected only

small areas at any one time". Rich (1943) also favoured local

stagnation without regional stagnation. He envisaged the burial

of ice, under aggrading outwash at the margin of a continental

glacier, that became detached and stagnant as a result of its burial.

Active ice sheared over the top of the stagnant masses but when

the stagnant ice melted, features indicating stagnation would be

formed.

Papers/
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Papers by Cook (1946a, b) and Holmes (1947), presented a

discussion of the processes involved in the formation of kames and

of ice-contact slopes. Holmes' definition of kame as (p. 248),

"A mound composed chiefly of gravel and sand, whose form has resulted

from original deposition modified by an slumping incident to later

melting of glacial ice against or upon which the deposit accumulated"

is now generally accepted. The actual processes involved in the
formation of such mounds of fluvioglacial deposits are still

discussed at length. Cook believed that some mounds were formed

by deposition, in holes in stagnant ice, of masses of sand and

gravel derived from the ice surface. The columns of sand and

gravel would form a cone wheh the supporting ice walls melted. On

the other hand, Holmes stated that the simplest origin for kames

is deposition in a notch or re-entrant along the ice margin.

Much has been written on fluvioglacial deposition in Britain.

The memoirs of the Geological Survey and papers by Charlesworth,

Hollingworth, Trotter, and others, all utilized the--conclusions

presented in the papers published before 1931, discussed above.

However, the interpretations of the fluvioglacial deposits in

Britain have almost always been influenced by the concept of normal

horizontal retreat of the ice front rather-than by the, now

generally accepted, idea of downwastage. The subglaeial origin

of eskers has long been accepted by British geomorphologists but

the other forms of fluvioglacial deposition have always been

associated with the proglacial environment and frequently with

ice/
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ice-dammed lakes, the only evidence ibr which has been the existence

of "overflow channels".

Mannerfelt (1945» 1949) emphasized the importance of sub-

glacial deposition in areas of stagnant ice. He pointed out that
meltwaters made their way down beneath the ice, taking with them

sand and gravel which was deposited in tunnels under the ice. The

ridges of sand and gravel covered by ablation moraine, so produced,

mannerfelt called "subglaolally-engorged eske.rs". He also described

"marginal terraces" (i.e. kame terraces), formed as the deposits of

marginal (lateral) streams.

The work done in Scandinavia by Mannerfelt on fluvioglacial

erosion and deposition was the stimulus for a new appraisal of

fluvioglacial deposition in Britain. Bissons' work on East

Lothian (1953a) and the Eddleston Valley (1953b) was based on the

work of Mannerfelt and other Scandinavian workers* In East

Lothian (Pig. 1) the fluvioglacial deposits form kame terraces,

kames, and eskars. Sissons concluded that some karae terraces were

formed by a depositional phase of a marginal stream (those consist¬

ing of coarse deposits), while others were formed in long narrow

lakes, between ice and rook. The lower ends of channels wera

often continued by depositional forms. Karnes with no definite

orientation were explained by the melting out of ice from beneath

fluvioglacial deposits. Sissons also described several eskers

that he envisaged were formed beneath the ice and although he did

not actually use Mannerfelt's term "subglacially-engorged ester",

he/
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he did describe such a form.

In his paper on the Eddleston Valley, Sissons described

fluvioglacial deposits that were laid down at the margin of, on

top of, and beneath a mass of stagnant, downwasting ice. He

pointed out that some kames and eskers were the result of deposition

by meltwater streams that, in other parts of their courses, had cut

channels.' The meltwaters flowed f.rom the sides of the Eddleston

Valley into a mass of stagnant ice occupying the bottom of the

valley. Within the mass of stagnant ice a water table developed

that was controlled by outlet channels to the north. Sissons

observed two distinct levels of fluvioglacial deposition, each

controlled by a water table which was in turn controlled by an

outlet channel.

Since 1957, the importance of subglacial deposition has been

stressed by Scandinavian geomorphologists. Holdar (1957), described

a terrace of fluvioglacial deposits at the base of a. subglacial

chute and stated that the terrace was deposited about 4 metres under

the ice. He states (p. 500) that, "This shows that distinct

terrace forms can be submarginal which in its turn plays a great

part for the determination of the lateral terraces as chronological

indicators". Holdar also attributed mounds of fluvioglacial

material to deposition in subglacial holes and eskars to deposition

in subglacial tunnels. The emphasis on erosion and deposition in

a subglacial environment was epitomized by J. Gjessing (I960) in

his/
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his detailed and extensive work in east-central-southern Norway.

He described terrace flats that were found undisturbed and

concluded that (p. 454), "Thus the deposits under the flats must

have rested on their present under-layer, i.e. the ground moraine

or the bedrock, from the first moment of their accumulation.

Consequently the accumulation must have begun at the bottom of

the ice....Prom these deposits the ridges continue often with

regular- forms and clear limitations. Obviously these ridges must

have been accumulated from below, from the bottom of the ice

upwards". Gjessing also discusses how the subglacial drainage

system forms fans, terraces and esker-like ridges beneath the ice.

In the area he was dealing with, the direction of subglacial

drainage was opposite to the normal drainage, Gjessing envisaged

a situation whereby at a critical thickness of the ice the

pressure of the subglacial water system was sufficient to lift

the ice above it and a sheet-like drainage developed. The

importance of Gjessing's conclusions lies in the stress upon the

subglacial environment for fluvioglaeial action. Further work

may indicate the limitations of Gjessing's hypothesis but the

evidence he presents can leave no doubt that both subglacial

erosion and deposition can take place on a large scale.

Sissons was again the first to apply concepts of subglacial

deposition developed by Scandinavian geomorphologists to Britain.

In his general papers (1960b, 1961a) he noted the importance of
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eskers and kames, as representing the courses of subglaoial

streams. Sissons' re-interpretation of the Thankerton Kame

(lS6lb), which for many years had been interpreted as an ice-

marginal feature, as a complex subglacial esker system, was based

primarily on the concept of subglacial erosion being replaced by

subglacial deposition towards the distal end of a subglaoial drain¬

age system.

The extensive literature on fluvioglacial deposition, both

in areas of existing glaciers and in areas of former glaciation has

resulted In a great many hypotheses being created and destroyed.

The present status of our understanding of fluvioglacial deposition

is very dependent upon the comparatively recent development (post

1945), of the idea of extensive subglacial deposition. With

further field work and a wider application of the concept modific¬

ation of it will almost doubtless be necessary.

Terminology has yet to be clarified. Owing to the reliance

on a genetic classification of land forms and to the changing under¬

standing of the processes involved in fluvioglacial deposition,

terminology is difficult to standardize. In this thesis, "kame"

will be applied to mounds of fluvioglacial sands and gravels, when

it is believed that the deposits were laid down in water on, at

the margin of, or beneath ice. Only when it is believed that

fluvioglacial deposits forming a mound or mounds represent the

former course of a meltwater stream, will the term esker be used.

6. Glacial Deposition./
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6. Glacial Deposition.

The processes of glacial deposition in the area considered

in this thesis are not discussed. Apart from the deposition of

ablation moraine, glacial deposition (i.e. the formation of till

and morainic debris) is the result of glaciation rather than of

deglaciation. However, certain distinctive landforms consisting

of unsorted, unstratified deposits laid down on top of, at the

side of, and beneath wasting ice, will be discussed.

Flint (1957) distinguished two types of till. "Lodgement

till" being formed beneath the ice by deposition of drift

in transport in the ice, as the result of slow pressure melting.

Drift particles are plastered on the subglacial floor and although

no size sorting is involved there is a tendency for individual

particles to be lodged with their long axis parallel to the

direction of ice flow. Flint called the other type of till

"ablation till". It is the result of deposition of drift, con¬

tained within or on the ice, consequent upon the ice melting. It

is usually thin and lacks a fabric.

The study of the processes of glacial deposition relies on

the nature of the end product to indicate the environment and

method of deposition. The rock types present, the size and

orientation of the particles and the nature of the matrix result

in a distinctive petrographic character that points to the mode of

deposition. Most of the work done in areas of existing glaciers,

on/
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on the processes of glacial deposition, has "been concerned with

the formation of end moraines, with particular reference to the

orientation of fragments in such moraines. This work is only-

relevant to a small part of the thesis area, namely that affected

by the late valley glaciation.

Observations hy Sharp, on the Wolf Creek Glacier, Alaska,

of the supraglacial debris, are very informative. He concludes

that 9C$ of the supraglacial debris is derived from an englacial

source and a mantle averaging two feet thick has developed by

ablation of ice containing but a fraction of 1% debris. He states

that much of the supraglacial debris on stagnant ice soon becomes

reworked by running water. Variations in the nature and thick¬

ness of the debris covering an ice surface produces differential

ablation.

Mention must be made of the views of Carruthere (1939, 1948,

1953) on the process of glacial deposition. He explained exposures

revealing till and interbedded sediments as the result of upward

melt in stagnant ice. Laminated clays, he believed, ?/ere not

laid in water but represented the banded dirts of englacial

detritus. Carruthers' ideas have not been given the respect in

Britain that recent work by Hoppe (1952, 1957) and Gravenor and

Kupsch (1959), suggest they deserve.

Hoppe 4^952* 1957), described and interpreted mounds and
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ridges of morainic material as "being formed in association with

stagnant ice« Material from the surface of and within a mass

of stagnant ice falls through clefts and holes in the rotten

marginal zone to form ridges and hillocks when the ice melts.

Hollows in the moraine represent the former positions of remnant

ice blocks. Other moraine ridges are formed by the squeezing of

till out from beneath blocks of ice and up into crevasses. Hoppe

writes (1952, p. 32), "Scholia* and Carruthers* conception of the

basal drift as a plastic mass underneath the ice appears entirely

convincing?. The work of Gravenor and Xupsch (1959), agrees

with that of Hoppe. It appears therefore that dead ice moraines

can be formed both by the letting down of material from the top

of or within the ice, and by the squeezing up of till from below.

The techniques employed by Hoppe, and Gravenor and Kupsch

involve the extensive study of the orientation of particles within

the morainic material. Further work of this kind will enable a

better understanding of the processes of glacial deposition to be

obtained. Our knowledge, at present, only permits generalizations.

It is assumed that unsorted but compact drift represents lodgement

till while non compact, unsorted drift is ablation till. The

importance of upward melt has recently been realized and it is

now believed that moraine ridges can be produced beneath the ice

aa well as at the ice front. Forms which were previously thought

to have only occurred as the result of deposition at the ice front

or by the letting down of material from on top or within the ice,

may/
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may also be the result of subglacial deposition in cavities

caused by the squeezing up of till.
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CHAPTER III

LITERATURE ON THE GLACIATIOK AND DEGLACIATIQN

OF THE SOUTHERN UPLANDS

The "brothers A. and J, Geikie laid the foundations of our

knowledge of the events of the Quaternary Era in Scotland during
V\A/- ' ■" ^ " 1

the last forty years of the eighteenth century. In his paper

"On the Phenomena of Glacial Drift in Scotland", Sir Archibald

Geikie (1863) made several references to the glaciation of the

Southern Uplands and to the area considered in this thesis. He

described striae and other erosional forms which convinced him

of the north-eastward movement of ice from the central Southern

Uplands and stated that the ice moved from the Uplands of Lanark¬

shire and Peeblesshire towards the Central Valley of Scotland. The

upland area forming the watersheds between the Tweed, Annan and

Megget drainage systems (Fig. 1) was a great snowfield that sent

glaciers down the main valleys. Some of the meltwater channels

that will be discussed at length, later in this thesis, were

observed and recorded by A. Geikie. In an attempt to explain

these features he suggested that they may represent overflow

channels associated with lakes dammed in the lateral valleys. The

agency of damming is not stated but since Geikie was discussing the

glaciation/
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glaoiation of the area it is presumed he was thinking of ice-

dammed lakes.

In 1864, Young published the first detailed work on the

glaciation of the Southern Uplands. He was mainly concerned with

describing the moraines and forms of glacial erosion associated

with a valley glaciation of limited extent in the Tweedsmulr

Hills (Pig. 9), Young*s mapping of the morainic mounds led him

to conclude that 12 valley glaciers descended from a snowfield

capping the Tweedsmulr Hills. The distribution of the morainic

mounds indicated that the valley glaciers did not descend below

1000 feet.

In 1870, Croll stated that he had found Highland erratics on

the summit of Allermuir Hill in the Pentland Hills (Fig. 1). He

concluded that ice originating in the Scottish Highlands filled

the Central Valley up to at least 1600 feet, abutted against the

Pentlands and moved away to the Bast.

Two books by the Geikie brothers, published during the last

quarter of the nineteenth century, embodied the results of earlier

workers and still remain valuable publications on the glaciation

of Scotland. Detailed work carried out during the past 60 years

has generally supported the conclusions put forward by the early

workers and only slightly affected their general hypotheses.

In 1837, Sir Archibald Geikie published the second edition of

"The Scenery of Scotland". He stated that the Southern Uplands

formed/
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formed a centre of dispersion for the southern part of the

Scottish Ioe Sheet. The map of the ice movements that he pre¬

sented (Pig. 4), indicated several minor centres within the

Southern Uplands, but he regarded it as one vast ice sheet that

(p» 312), "....moved outwards and downwards into the low grounds

on all sides". When the climate ameliorated Geikie envisaged

the ice sheet becoming a series of valley glaciers.

J. Geikie (1894) discussed the withdrawal of the ice sheet

from the Southern Uplands in more detail in his book "The Great

Ice Age". Like his brother he believed the ice sheet was resolved

Into a series of valley glaciers as the high ground emerged from

the ice during the deglaciation. He stated too, (p. 206) that

"Countless streams and rivers would traverse the surface of the ice

sheet". The absence of large moraines in many of the valleys

suggested to Geikie that there were few, if any, long pauses In the

retreat of the valley glaciers. The presence of well developed

morainic mounds In some of the valley heads, such as those described

in the Tweedsmuir Hills by Young (1864), lying on top of the basal

till, indicated to Geikie that there had been a readvance of ice

after the general retreat of the ice sheet. He went on to suggest

that the interval between the dissolution of the ice sheet and the

readvance of the valley glaciers was one of milder climate. On the

fringe of the Scottish Highlands the valley glaciers had ploughed

up the deposits of the "100 foot sea" and therefore Gellcie suggested

that/



-41

that the valley glaciers of the Southern Uplands and the Highlands

represented a return to glacial conditions, on a limited scale,

after an interglaclal period.

After the publication of his work on the Cleveland Hills (1902)

Kendall turned his attention to East Lothian (Pig. 1) and with E.B.

Bailey (1908), attempted to interpret the stages of the deglaciatioi

of that area. They concluded that ice originating in the

Scottish Highlands abutted against the Lammermuir Hills and during

the retreat of that ice sheet, lakes were formed between the hills

and the ice margin. Channels were cut as the waters from one

lake overflowed to the next. Kendall and Bailey also interpreted

the presence of till on top of lake sediments as Indicating a re-

advance of the ice margin. As the Highland ice withdrew, small

glaciers moved down from the Lammermuir Hills.

The results of Kendall and Bailey's work were incorporated

in the Geological Survey's Memoir on East Lothian, published in

1910. It is interesting, to note, however, that in the memoir the

development of stream courses at the ice margin, rather than lakes,

is discussed, and such streams are likened to those observed in

Arctic and Antarctic lands. However, cognizance is taken of

Kendall and Bailey's work and the overflow hypothesis is presented.

It appears that the ideas put forward by Kendall in his paper on

the Cleveland Hills were so widely accepted, even at this early

date, that the writers of the memoir felt obliged to limit their

reference to the fluvioglacial drainage systems on existing ice

sheets/
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sheet s, that they were aware of.

Gregory (1915), discussed the origin of the Carstalrs Karnes

(Pig. 1) and concluded that they, were deposited at the margin of

ice,that originated in the Southern Uplands and therefore agreed
, ■g 9 a ?

with Gelkie (183-9) that Southern Upland ice had moved northwards,

towards the Central Valley. Sckford and manson (1923) also agreed

with Geikie's generalisations about ice movement and retreat in the

Southern Uplands. In the central Tweed area they stated that the

retreat of the ice was determined to a large extent by the trend

of the ma^or drainage lines. Masses of ice lay in the valleys and

thickened towards the Tweed glacier. Dfainage from the ice-free

ground was impounded by the ice in the main valleys and lakes were

created. Sckford and manson mapped the channels associated with

these lakes.

In 1926, Charlesworth published two papers on the glaciation

of the Southern Uplands. In his account of "The Glacial Geology
of

of the Southern Uplands of Scotland, West/Annandale and Upper

Clydesdale", he added little to what Geikie indicated, on his

glacial map of Scotland (133^), with regard to ice movement.

Charlesworth stated that the higher hills nourished independent

glaciers and when the maximum was reached an ice sheet existed with

local centres over the highest ground. There was radial outflow

from the western Southern Uplands and Charlesworth stated that ice

moved down the Clyde Valley, overrode Tinto Hill, and carried

Southern/
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Southern Upland erratics into the Central Valley. The retreat

of the lee sheet was interpreted from the occurrence of moraines and

outwash fans. The moraines were often formed of sand and gravel and

therefore were of fluvioglacial rather than glacial origin as

Charlesworth supposed. His attempt to indicate definite retreat

stages was therefore based on unreliable evidence. He also

categorically stated that (p. 3), "Marginal drainage channels are,

but with few exceptions, quite absent". Work carried out by Stone

(1939), however, has shown that numerous meltwater channels exist in

Nithsdale.

Charlesworth's paper on the Lammermuir-Stranraer moraine has

been the basis of many generalizations about the glacial chronology

of Scotland. He described a moraine stretching from St. Abbfs Head

to Stranraer and interpreted it as being formed by a readvance of

Highland ice. In the Eddleston Valley (Sissons 1953b), and on

the south-east side of the Pentland Hills (See Area III), this

moraine has been shown to be formed of fluvioglaelal deposits laid

down in a zone of stagnant downwasting, Southern Upland, ice.

The absence of moraines in most of the valleys of the Southern

Uplands was noticed by the Geiki© brothers. Gregory (1S27)

described all the moraines he had observed in south-west Scotland

and concluded that they were limited to valleys associated only with

those mountain groups that had considerable areas over 1500 feet.

None of the moraines reached the coast, a few occur between 175 and

250 feet, but mast of them are above 1000 feet. Gregory was

certain/
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certaln that the moraines he described were younger than the

extensive boulder clay that is to be found throughout the Southern

Uplands, and therefore, he, like Geikie, postulated a later valley

glaciation.

The relationship between Highland ice and Southern Upland ice

along the southern edge of the Central Valley has long been a contro¬

versial topic. Geikie, Gregory and Charlesworth all suggested that

Southern Upland ice moved northward into the Central Valley. However,

Charlesworth (1926-a )stated that the Tharikerton Kame in the Clyde

Valley (Fig. 1) was deposited at the margin of Highland ice, an

interpretation accepted by Linton (1933). Charlesworth also stated

that the Highland ice caused the formation of a lake in the Clyde

Valley that overflowed through "the Biggar Gap into the supposed

ice-free Tweed Valley. Sissons' (1961b) recent work has shown that

the Thankerton Kame was formed in association with Southern Upland

ice and that the Biggar Gap was not an overflow channel for a lake

held up in middle Clydesdale by Highland ice.

Pallister ^1950) discussed the retreat of Scottish Readvance

(Trotter 1929, Hollingworth 1931) ice from a part of Dumfriesshire

and based his conclusions on the distribution of "overflow" and

marginal channels. The map accompanying Pallister's paper shows

several meltwater channels cutting through divides and descending

slopes that, in the light of present day knowledge, would be

interpreted as subglacial forms. Ho deltas were recorded in the

area/
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area and the lakes that were supposed to have existed cannot be

proven due to the absence of lake-floor deposits and shorelines.

It can be seen that, by 1950, little had been added to the

general concepts of ice movement and retreat jut forward by the

Geikie brothers and Young between 1360 and 1900. The outward

movement of ice from the higher parts of the Southern Uplands, in

all directions, and the deflection eastwards and westwards of

Southern Upland ice entering the Central Valley had been established

by the early workers. Kendall and Bailey, Uharlesworth, and Linton

introduced the concept of ice that originated in the Scottish High¬

lands moving up the Clyde Valley as far as the Biggar Gap, and

around both the southern and northern ends of the Pentland Hills,

to rest against the flanks of the Lammermuir Hills. The so called

"kerne moraines" on which the above conclusions were based have,

during the last ten years, been reinterpreted and the conclusions

of Charlesworth and Linton discounted.

The presence of till on top of fluvioglaclal deposits resting

on another till always leads to discussions about readvanees. Such

a relationship was observed in Midlothian (Pig. 1) and although

Anderson (1940) described the exposures and postulated a readvance

to account for the upper till, he did not suggest where the ice that

deposited the upper till originated. The upper till contained

many Igneous rocks common to the Pentland Hills and a few Highland

rocks so it is possible that the ice that deposited the upper till

was moving from south-west to north-east.

The/
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The first detailed analysis of the drift of the area between

the Southern Uplands and the Pentland Hills was carried out by

McCall and Goodlet (1952). By determining the presence of Highland

rocks and of felsite originating from the distinctive intrusions

at Tinto Hill (together with the Caimgryfe Mass), and North Black

Hill in the Pentlands (Fig, 1) they reached the following conclusions.

Ice originating from the western part of the Southern Grampians

advanced around the southern and northern ends of the Pentland Hil]

and closed "with a pincer-like movement" near Penicuik. This

Highland ice deposited a till and during its retreat sands and

gravels were laid down. After an unknown length of time ice from

the Southern Uplands advanced from the south-west and moved north¬

eastwards into Midlothian. It deposited a stony clay and during

its retreat the extensive sands and gravels in the West Linton,

Dolphinton, Dynsyre area (Fig. 1) were laid down. It was thus

established that the last ice to occupy the area, a part of which

Is included In the area dealt with in this thesis, originated

in the Southern Uplands and moved from the south-west to the north¬

east .

The conclusions reached by McCall and Goodlet were supported

by Bckford (195?) in a paper that dealt primarily with the meltwater

features formed during the retreat of the last ice from the West

Linton-Dolphinton area. Although the interpretation of the glacier

drainage channels adopted by Eckford is open to criticism (See

Chapter VI), nevertheless he satisfactorily demonstrated that the

last/
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last ice to occupy the area was of Southern Upland origin.

Common (1954), suggested that ice did not override the highest

Cheviot summit© at the maximum of the last glaclation, nor did the

Cheviot form a centre of ice accumulation or dispersion. These

conclusions were based on the existence of tors above 1700 feet

so when recent work on the post-glacial origin of these features

is considered, (e.g. Galloway, 1953), Common's conclusions are not

valid•

The only major work on the periglaciation of the Southern

Uplands has been carried out by Galloway ^(1953) and since he was

working on the whole of Scotland, his conclusions tend to be of

a general nature. There is little in his extensive work that is

relevant to this thesiss Galloway stated that the tors of the

Southern Uplands have been formed since the retreat of the

Scottish Readvance ice, and are the result of periglacial processes,

since much of this thesis is concerned with meltwater channels it

is interesting to note that Galloway believed that (p. 215), "Peri-

glacial modification of forms of glacl--fluvial erosion in hard rock

seems......to have been slight*.

The past four* years have seen a great deal of detailed work

done on the deglaclatlon of the eastern Southern Uplands. I)r J.B.

Sissons and his students have applied the concepts, that the

Scandinavian geomorphologists have developed, to the deglaciation

of the area.. Sissons* papers on .East Lothian (1958a) and the

Bddleston/
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Eddleston Valley (1958b), laid the foundation for the work which

was taken up by Stone (1959) in Dumfriesshire, and by the present

writer in this thesis.

In his work on East Lothian (1958a), Sissons reconstmeted

the stages of ice retreat after an examination of the features

formed by fluviogl&cial erosion and deposition at the ice margin.

He concluded that the ice was stagnant, at least in the marginal

zone, and that the ice surface downwasted. In as much that Sissons

believed the horizontal component of the retreat was towards the

north-west he implies that the ice had originated in the Highlands

rather than the Southern Uplands.

The deglsciation of the Eddleston Valley (Sissons 1958b),

was characterized by downwastage of the surface of a mass of stag¬

nant ice. 150 marginal channels were mapped in this valley and

they all sloped to the north-east or north-north-east. These

channels indicated the slope of the ice margin which in turn indic¬

ated that the free ice surface also sloped north-eastwards.

Sissons therefore concluded that (p. 163), ..the last glacier ice to

occupy the region came from the Southern Uplands". Applying con¬

cepts developed by Mannerfelt, Sissons determined the slope of the

ice surface from marginal channels. The annual rate of downwastagi

was determined by measuring the interval between successive marginal

channels. Both the slope of the ice surface and the rateoof down-

wastage can only be ascertained wheii there is no doubt that the

features/
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features used to determine these were certainly formed at the ice
r0„,

margin. With recent developments in the concepts of submarginal

and subglaolel drainage, such certainty cannot he obtained. However,

that the ice surface sloped north-eastwards, in the Bddleston Valley

is not doubted as its slope is reflected by marginal, srubmarginal,

englacial and subglaclal drainage (Guessing I960).

Applying the techniques used by Sisaons to Upper Kithsdale,

Dumfriesshire, Stone (1959), showed that the retreat moraines

described by Charlesworth (1926) were really mounds of sand and

gravel deposited in association with a mass of stagnant downwasting

ice.

Sissons' paper on "A Subglacial Drainage System by the Tinto

Hills, Lanarkshire"(1961b) includes a detailed analysis of the so

called Thankerton "kerne". He concludes that the "kame" is a sub-

glacial esker system formed beneath stagnant ice that originated in

the Southern Uplands.

The literature of recent years has only amplified, by the

presentation of details, the generalisations made before the close

of the nineteenth century. The Southern Uplands are now known to

have nourished an ice sheet that moved out radially famm the centres

of high ground. The movement northwards was deflected to east and

to west by the presence of Highland ice. In the eastern Southern

Uplands the ice moved north-eastwards from the high ground at the

head of the Clyde and Tweed. The last ice to eoeupy the area con¬
sidered in this thesis originated in the Southern Uplands. It is

the/
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the features resulting from the wastage of this ioe sheet that

are to be discussed in detail, A local valley glaciation took

place in the higher hills after the wastage of the ice sheet and

produced distinctive moraines. The marked difference between the

land forms produced by the ice sheet and by the valley glaciation

was noted as early as 1:63 by Young.
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CHASTER IV

AREA I

1» Introduction*

The southern, eastern and western limits of this area are

defined by the county boundary of Peeblesshire, which coincides with

the rim of the upper Tweed drainage basin (Fig. 5). The northern

limit is an arbitrary line drawn in a position that permits the

presentation of a unit area, on a suitable scale, on a map of

reasonable size. There is extensive evidence of glacial erosion,

glacial deposition, fluvioglacial erosion and fluvioglacial deposit¬

ion. The distribution of this evidence is not of equal intensity

throughout the area and therefore detailed accounts, accompanied by

large scale maps, are presented for certain parts. (The areas

covered by large scale maps are indicated on Fig. 5).

2. Relief.

The upper Tweed drainage basin (Area I) is formed of a. series

of ridges and spurs, generally between 1400 and 2000 feet, separated

by deep valleys. The ridges and spurs have rounded crests and steep

sides frequently formed by convex slopes (Ph. 7). The rim of high

ground that surrounds the drainage basin is highest in the south

and east where altitudes of over 2600 feet occur.

The variable extent of dissection in Area I has produced two

distinct sub-divisions. Fig. 6 shows clearly that to the south-west

of Tweedsmuir relative relief values are between 300 and 600 feet,

and slopes are shorter and less steep, whereas throughout

of/
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of the area there is stronger relief with relative relief values

as high as 1300 feet (Jfig. 6). The Tweed Valley, below Tweedsmuir,

becomes deep and steep-sided and its tributary valleys, Stanhope,

Polmood, Talla, Gameshope, Fruid and Kingledoors, contain narrow

fingers of low ground extending back into the high ground that

ranges from 1500 to over 2600 feet in altitude.

Between Tweedsmuir and Stanhope (Fig. 5) the Tweed flows on a

flood plain bounded by very steep slopes (Hi. 8), formed by the

over-steepened ends of spars, the topsof which are between 500 and

700 feet above the valley floor. South of Tweedsmuir the valley

has a much more open form and the rise to the higher ground Is
a

achieved much more gradually than further down the valley (Ph. 9,

10). This is particularly true of the south-eastern slope of the

ridge that separates the Kingledoors and Tweed Valleys. The north¬

ern end of the ridge (Fig. 7a) has a very steep slope down to the

Tweed but to the south of Tweedsmuir many of the spurs rise quite

gently to 1300 feet, after which they have a steeper profile (Fig. 7b).

To the south of the confluence of the Kingledoors Burn and the

River Tweed the short left-bank tributaries contrast with the long

right-bank tributaries, such as the Talla and Fruid Waters, and this

is associated with contrasts between the right and left sides of

the valley above Tweedsmuir. The left side consists of a series

of spurs between shallow valleys, whereas on. the right side the

spurs are separated by deep valleys. There is only one long,

deep/
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and that is the Kingledoors Valley (Ph. 11). This valley is

remarkably straight, its szaall stream meandering on the valley-

fill deposits that occupy its floor.

Of the right-bank tributaries, Stanhope, Polmood, Heartstane,

Talla/Gameshope, Mansion and Pruid are long, deep, and in parts

steep and straight-sided. The modification of these valleys by

glacial erosion is shown by the over-steepened spur ends that now

result in the valleys having trough-like forms (Ph. 12, 13, 14).

The heads of many of the valleys in Area I are similar to

others found throughout the eastern Southern Uplands. They are

characterized by steep, smooth slopes in a semicircular arrangement.

They are being actively gullied by small streams, bat there is no

evidence of over-deepening of the floors of the valley heads. Good

examples of this form are found at the head of the Menzion and at

the heads of the left bank tributaries of the Kingledoora Burn

(Pig. 5). The origin of these valley heads is referred to by

Galloway (1958, p. 203), ".....they resemble corrasion niches in

form and consideration of their development suggests that they are

the work of alternations of stream erosion in temperate periods and

mass wasting and corrasion in periglacial periods. The evidence is

very sketchy and there is a great need for further work on niches".

Recent work on the distribution of morainic forms in this area,

and on its periphery, suggests that at least some of these valley
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heads were the starting points of valley glaciers. However,

there is no proof that all of them are the result of glacial

erosion and to call them cirques would be misleading. There is

an absence of cirques within Area I, although they are well devel¬

oped just outside the area on the south-east- and east-facing slopes

that descend from the rim of the upper Tweed basin to the Moffat

Valley (Fig. 5). Craggy slopes at Talla Craigs, Craigy Middens

and Poimood Craigs could have been incipient cirques and are

discussed below.

The morphology of the valleys of the eastern Southern Uplands

has been modified by the deposition of till, fluvioglacial sand

and gravel and other deposits in the valley bottoms (Ph. 15). The

valleys of Area I are no exception and the effect of masses of

material occupying the valley floors, on the cross-profiles of the

valleys of this area, is significant. The smooth slopes of the

valley sides, with solid rock near or at the surface, give way to

less steep slopes towards the valley floors and in many cases the

present streams have incised themselves into the valley-fill

material.

Usually the valley-fill material slopes from the valley sides

towards the present stream but generally lacks any detailed form.

Some mounds of sand and gravel do occur south of Tweedsmuir;

towards some of the valley heads of the right bank tributaries of

the Tweed, there are large mounds of morainic material.

In summary, then, Area I is characterized by deep, glaciall|t-
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moaified valleys, separated by smooth, rounded ridges. The

valley floors are covered with glacial or fluvioglacial material

into which the present streams have incised their courses.

5. Geology.

All the rocks of the area except for a few Igneous intrusions,

are either of Silurian or Ordovician age (Fig. 8). The detailed

lithology of these rocks varies considerably but dark grey shales

and greywackes predominate. The structures of these rocks are

complex but, the axes of the folds reflect the strong north-east

to south-west Caledonide trend.

The igneous rocks of Area I are of limited extent. Two

dolerite dykes of Tertiary age, trending west-north-west to east-

south-east, occur in the south-west of the area. There are also

masses of felslte that reach the surface in the Tweed, upper

Menzion, Glenriska and Hope Burn Valleys. The importance of these

felsite intrusions as sources of erratics is discussed in appendix I.

The superficial deposits are of more concern in this study.

The Geological Survey's classification of these deposits is as

followsi- surface wash and hill-top debris, peat, freshwater

alluvia, fluvioglacial sand and gravel, sands and gravels not

differentiated, moraine stuff, boulder clay. Although this classi¬

fication is generally satisfactory the lines drawn to delimit the

extent Af these deposits are questionable in places.

The difficulty of differentiating between hill-wash (i.e. head)

and till in an area composed mainly of one rock type will be

discussed/
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disoussed later. It should he stated at the outset, however,

that the distribution of till indicated for Area I on sheets 16

and 24, is generally correct. This material has no detailed

forms and is plastered over the lower slopes of the hills and on

the valley floors. The areas designated"morainic stuff'* by the

Geological Survey have proved to be the only ones where morainic

mounds occur. These forms are limited to the upper Talla,

Gameshope and Fruid Valleys. The significance of this limited

distribution wil?. be discussed later.

The term fluvioglacial sand and gravel is somewhat misleading

when applied to the deposits laid down by the meltwaters of the

wasting ice in this area. There is little evidence of sand deposits

except in the lower part of the Kingledoors Valley, and the gravels

are coarse and ill-stratified. They are essentially valley-bottom

deposits and appear to be restricted to the Tweed and Kingledoors

Valleys. It is presumed that they were once much more extensive

but were eroded and transported away by melt"waters and later by the

Kiver Tweed and its tributaries,

4. Literature

The brothers Archibald and James Geikie gave an interpretation

of the glacial geomorphology of the Southern Uplands during the

second half of the nineteenth century. A publication by A. Geikie

in 1363 "On the Phenomena of Glacial Drift in Scotland" contains

numerous references to glacial erosion and deposition within Area I.

Evidence is presented to support the theory that ice moved out from

the/
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the Southern Uplands in all directions and that a period of local

glaciation followed the last major glaciation.

A. Geilcie (1363» p# 28 ) also refers to . .numerous ravines

and narrow valleys, either one or both ends cut off, running along

the sides of the hills, especially where these border a principal

valley. Such depressions are cut through the solid rock, they

have frequently steep sides, and have every resemblance to water

courses, but they are either quite dry, or are traversed merely by

the drainage of small springs issuing from the hillsides. They

could not have been formed by any of the present streams, yet their

general appearance is such as to impel the belief that they are

nevertheless in some way or other the work of ordinary rivulets".

These "strange forms of surface" (p, 29), are obviously the melt-

water channels that are discussed at length later in this chapter.

Writing in the Geological Survey Iviemoir for sheet 24 (1369, P. 18),

A. Geikie also states, "The origin of these forms of surface is

not very clear. Possibly they should be referred to a time when

the drainage of the district was greatly modified by large accumu¬

lations of snow and ice". This must be on© of the earliest

references to the possible modification of drainage systems, and

the establishment of unusual drainage channels, by glacial meltwater.

One of the workers associated with A, and J, Geikis in their

early work on the Southern Uplands was Dr. J. Young. In his paper

"On the Former Sxistence of Glaciers in the High Grounds of the

South/
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South of ScotlandM, he described the land forms and deposits that

occur in the area between Dollar Law in the north-east, the Tweed

Valley in the north-west, Hart Fell in the south-west and the Moffat

Water in the south-east (Fig. 9)• He points out (p. 45?), that

"This wide plateau and these long slopes would under other climatal

conditions form an extensive snow-field whence glaciers might descend

into the valleys beneath". There are detailed descriptions of the

glacial land forms and deposits, (including morainic mounds), of

the Talla, Gameshope, Fruid, Polmood and a;anor valleys. Evidence

is also stated to support the suggestions that glaciers occupied

the Cramalt, Llnghope, Wylies Clench, Loch Skene, Mid Law and

Garlie valleys which are all on the periphery of the area at present

being considered.

The distribution of the glacial deposits and glacial land forms

in the tributary valleys of the Tweed, Megget and Moffat led Young

to suggest two glaciationsj the earlier one being represented by

the boulder clay that covers the valley floors and their flanks,

and the later glaciation by the moraines that occur in twelve

valleys around the south-eastern rim of the upper Tweed basin.

It is significant that Young's paper was written only some

24 years after the glacial theory was first put forward. The

quality of observation and interpretation embodied in the paper Is

of a high order, and the basic conclusions put forward still stand,

even in the light of recent research.

A. Geikie's book on "The Scenery of Scotland" (1387), contains

three/
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three chapters on the Southern Uplands, in one of which Young's

work on the glacial geomorphology is included# The third edition

of J. Geikle's (1894) work "The Great Ice Age", deals in some detail

with the glacial land forms and deposits of this area, and even

suggested a relative chronology for the events of the Quaternary

Era in Scotland which has yet to be refuted. Further reference

is made to this work later in this chapter.

5. Glacial Erosion and Direction of Ice Movement.

Evidence provided by the literature suggests a coverage of the

Southern Uplands by ice that flowed out as valley glaciers which

were fed by plateau glaciers. These views were summarized by

Charlesworth (1957, p. 751)* "The ice in the Southern Uplands was

dispersed from the mo untains of Galloway, the high ground between

the Nith and the Clyde, and from plateau glaciers at the head

waters of the Ettrick, Yarrow and Tweed. It flowed down the master

valleys and carried its characteristic rocks, e.g. Silurian grey-

wackes with it".

The evidence of glacial erosion in Area I is limited and with¬

out supporting evidence of glacial deposits and meltwater

features the story of the glaoiation of the upper Tweed basin would

be difficult to reconstruct. The significant features of the

landscape that can be attributed, at least in part, to glacial

erosion, are the deep, steep-sided troughs through which the

Telia, Gameshope, Pruld, Polmood and Stanhope Burns flow. (Fig. 5

and Ph. 12, 13 and 14).
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The deepest of these troughs is followed by the Gameshope

Burn and it has steep sides of over §00 feet. At Talla Linns

the Gameshope Valley joins the Talla Valley which is now occupied

by a reservoir. The view down that part of the Talla valley,

occupied by the reservoir (Ph. 1?) also indicates glacial modific¬

ation.

There is an absence of well formed cirques within Area I,

Polmood Craigs, Talla Cralgs and Craigy Middens (Pig. 5) are the

only possible examples of incipient cirques. Along the south¬

eastern rial of the upper Tweed basin a series of through cols

occurs at the heads of valleys, that, on the basis of other evidence,

are known to have carried glaciers. The heads of these valleys

do not have steep back walls but, instead, have open access through

the divide (Fig. 10). The head of Talla Valley overlooks Loch

Skene (Ph. 16) at an altitude of 2250 feet, and is formed by a

through col 250 feet deep. Rotten Bottom (Ph. 17) at the head of

the Gameshope Valley, is 300 feet deep and is another through col,

its floor being at an altitude of 2000 feet. On either side of

Hart Fell there are impressive through cols. The one on the east

side which is at the head of the Pruid Valley (Ph. 13) is 200 feet

deep with its floor at an altitude of just under 2000 feet, whereas

Barry Grain (Ph. 19) on the west side, is 300 feet deep, its floor

being at an altitude of 1750 feet. At the head of the Polmood

Valley there is another through co};, ?50 feet deep, facing the
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south-east at 2200 feet hut the Stanhope Valley, a little further

to the north has no through col.

The most remarkable through col in the eastern rim of the

upper Tweed basin is that which connects the Talla Valley with the

Jftegget Valley (Fig. 5). It is 400 feet deep and its floor is at

approximately 1470 feet. The Talla Water, after following a south

to north course for lj- miles, turns westwards to flow through this

through col and therefore cuts through the high ground that forms

the rim of the upper Tweed basin. From evidence presented by

Young (1364) and from field work carried out by the writer, there

is little doubt that the glacier that descended the upper Talla

Valley bifurcated in the through col, one branch going down the

Kegget Valley, the other down over Talla Linns. It is suggested

that this major through col was first cut by ice associated with a

great ice sheet and that it was later utilized by small glaciers

that deposited the mor&inic mounds of the Talla and I'egget Valleys.

The occurrence of these through cols in the southern and

eastern sides of the upper Tweed basin is puzzling when it is

realized that the best evidence of glacial erosion, in the form of

cirques, e.g. Loch Skene, Midlaw, Raven Craigs and Saddle Craigs

(Fig. 5), to be found in the eastern Southern Uplands, indicates

a movement of ice towards the south and east. Since the through

cols occur to the north of the well-developed cirques and at

higher altitudes than the cirques (Fig. 10), it is presumed that
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the through cols were formed at an earlier stage in the glaciation.

The location and alignment of the through cols suggest that they

are related to the stage in the glaciation of the area when the

whole surface was covered by ice with the centre of the ice sheet

being outside the upper Tweed drainage basin, probably to the west

or south-west. The location of the centre of the ice sheet is

outside the scope of this study. The evidence for a later, but

limited, glaciation that resulted in the formation of the south¬

east and east facing cirques, and the incipient cirques and morainic

mounds within the upper Tweed basin, will be discussed later.

The Tweed and Klngledoors Valleys were also occupied by ice

as is evidenced by the extensive meltwater features that occur

high up on their sides. The only direct evidence of glacial

erosion in both the valleys are the oversteepened ends of spurs

(Fig, 5). The extensive deposits of till and fluvioglacial sands

and gravels in both valleys also indicate that they were once

occupied by ice.

6. glacial Deposition

In this section, the deposits to be described have not been

sorted by meltwaters but are the direct result of deposition from

the ice surface or from in, or under, the ice. The juxtaposition

of unsorted, unstratified deposits, and sorted and stratified

deposits, is a characteristic feature of glacial deposition. It

Is, therefore, the vertical section that really provides the
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evidence that indicates the method, and chronology, of glacial

deposition.

The Geological Survey on its published One-Inch sheet 16,

has differentiated between sand and gravel, fluvloglacial sand

gravel, moraine stuff and boulder clay. The lines drawn on the

map to indicate the limits of these deposits can only provide a

general picture, for the detailed relationships of the various

deposits are very complicated, and many more sections would have

to be available before any sound conclusions could be reached. The

distribution of till and gravel in the Tweed Valley indicated on

the maps in this thesis differ considerably from that shown on the

maps published by the Geological Survey (Fig. 8).

In the area dealt with here, all the valleys contain valley-

fill a major part of which is till or is derived from till. The

extent of this material up the slopes varies considerably, It being

observed even at the head of some of the short left-bank tributaries

of the Tweed, above Tweedsmuir, at heights of over 1300 feet, while

on the right bank of the Tweed, in the same area, it only reaches

just over 1000 feet. In the Gameshope and Fruld Valleys, till

occurs as high as altitudes of 1800 to 2000 feet.

There is a major problem in differentiating between till and

the products of mass wastage In an area of rocks of such uniform

character. There are few distinct erratics and the characters of

the rocks are such that they rarely retain striae. A great deal of
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work in the form of stone orientations, accurate mapping of the

solid geology and an analysis of the content of the drift over

wide areas will be needed before an accurate picture of the detailed

distribution and origin of the drift will be obtained.

i. Ground_Morain_or_Till
The till of Area I consists almost entirely of angular frag¬

ments of Silurian and Ordovician greywackes, grits and shales, with

a coarse gritty, clayey matrix. It has a characteristic red-brown

colour and is a compact deposit. It frequently rests on a layer of

disintegrated bed rock and the junction between the till and the

bed rock is often difficult to determine.

In exposures 2, 8, 10, 13> 14 and 21 (Figs. 16 and 18),

between 6 and 10 feet of till overlies disintegrated bed rock. The

angular fragments are generally between 2 and 9 inches across and

are bound together by a gritty, clayey matrix giving the exposures

compact faces. Occasionally large blocks, up to 3 feet across,

occur within the finer material (e.g. Exp. 13 and 14J Fig. 18).

Only a few examples of striated rock fragments were found in some

of the exposures of till.

The compact nature of the till described above suggests it

was deposited beneath the ice. From the number of exposures

available it is possible to conclude that this till is the basal

unit of the Quaternary deposits of Area I and it occurs throughout

the area.

Relationships observed in exposures 15 and 16 (Fig. 18)

between till and fluvioglacial deposits add complications to the
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simple distribution of one till throughout the area

Exp. 15
1 foot soil
3 feet coarse gravel
6 inches coarse sand
15-20 feet Till
4 feet + Fine sandy silt

Exp. 16
1 foot Coarse angular, unsorted material
3 feet Coarse sand

12-15 feet Till
10 feet sandy clay
? Till

These 30 feet sections are some of the best exposux^es in the

drift of the area. There is no doubt that in Exp. 16 two tills

are separated by 10 feet of sandy clay and presumably a similar

relationship occurs in Exp. 15, only the base of the intervening

sandy silt is not seen. The tills are similar in character and it

would be unwise, just on the basis of two exposures, to postulate

that the separation of the tills by a fluvioglacial deposit indicates

two separate glaclatlons. There are no structures in the sandy silt}

it is an homogeneous mass without stratification. The fine sandy

silt of Exp. 15» contains small lenses of slightly coarser

material.

There appears no reason why conditions beneath the ice, that

throughout the rest of the area deposited the basal till, were

such that a stratum of fine, water-deposited sediments could not

have been intercalated between two strata of the same basal till.

j:|*t..4rgSg,£^r.MS£!SiSiS.. 8 •

In the upper parl§ 8? some tile valleys that commence in the
high ground forming the south-eastern rim of the upper Tweed basin,

there are areas of morainlc mounds. These forms were described
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and interpreted by Young (1364), but he did not map them in

detail. By studying air-photographs on the scale 1:10,000, with

a stereoscope, it was possible to locate accurately the mounds of

morainic material and the channels associated with them. The

essential form of all the moraines are ridges consisting of con¬

nected mounds. When mapping these moraines it was often difficult

to decide whether or not a series of mounds should be represented

as separate units, or as a continuous ridge. Limitations imposed

by the scale of the base-maps indicated that ridges rather than

individual mounds should be mapped,

a) Morainic mounds in the upper Talla Valley. It is in this valley

that the most impressive group of morainic mounds occurs within

Area I (Fig. 11). Looking south from Wood Brae, they are seen to

stretch for a mile on either side of the Talla Water towards Talla

Craigs (Ph. 20, 21, 22, 23). On inspection this extensive area of

morainic deposition is seen to consist of individual mounds forming

knolled ridges varying in height from 3 to 30 feet. The alignment

of the mounds and ridges over a greater part of the valley is oblique

to the valley sides, i.e. north-west to south-east on the right bank

and north-east to south-west on the left bank. Exposures indicate

that the mounds consist of angular fragments in a gritty, earthy

matrix. Large angular blocks up to 5 feet across occur on the

surface. All the mounds in the Talla Valley lie between 1550 feet

and 1900 feet.

Between/
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Between the mounds and ridges numerous depressions occur

that, from their form, were obviously water cut. Some of these

channels are at present occupied by small streams while others

are dry. Small enclosed depressions, presumably kettles, also

occur.

The major problem in the interpretation of these morainic

mounds is to ascertain to what extent their distribution and form

was determined by the processes of glacial deposition, meltwater

erosion and post-glacial stream erosion. Information about their

form, position, extent and composition is not sufficient evidence

to enable an understanding of their genesis to be obtained. Work

done by Hoppe (195? and 1957) and Gravenor and Kupsch (1959),

indicates that much detailed analysis of the composition and struct¬

ure of these forms is required before the processes involved in

their formation can be described. No extensive sections are

available in the forms described here, and no studies of the

orientations of the rock fragments in the mounds were made.

The constant alignment of the morainic mounds oblique to the

valley sides suggests that they were in some way related to the ice

margin of a retreating but active ice tongue and are probably

end moraines. Approximately twenty positions of the ice margin

are indicated by the morainic ridges in the Talla Valley. Eventually

the glacier retreated back to the foot of Talla Craigs where the

more chaotic distribution of the morainic mounds and the occurrence

of several kettles suggest that the ice became stagnant.
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She area of morainic mounds begins at the foot of Talla

Craigs and extends northwards* It would be incorrect to ascribe

to this craggy slope the term cirque as there is certainly no

evidence of over-deepening at the base of the craggy slope* The

north and east facing attitude of Talla Craigs may be related to

the depositional features that occur to the north and east of it.

There is no obvious source for the ice, further up the Talla Valley,

that deposited the morainic mounds to the north of Talla Craigs.

The valley floor begins to rise more steeply to the south of Talla

Craigs until it flattens out at about 2250 feet to become a peat-

covered through col which overlooks the south-east facing cirque

occupied by Loch Skene (Pig. 10a). Here we are faced with the

conflicting evidence of a south-east facing cirque on the south¬

eastern side of the rim of the upper Tweed basin, and yet there is

an area of morainic mounds to the north of Talla Craigs that is

similar in form to those which surround Loch Skene. Since ice,

at this stage, was presumably moving away to the south-east and to

the north-east, and the morainic mounds in the Talla Valley do not

commence until north of Talla Craigs, it does not seem unreasonable

to postulate some connection between the Craigs and the mounds, 11

appears that earlier ice moved from south to north, cutting the

through col, then later local ice advanced in separate lobes, one

north of Talla Craigs, the other into the depression of Loch Skene.
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b) Moralnio mounds In the Gameshope Valley. For 2 miles before it

flows into Talla Reservoir the Gameshope Burn (Pig. 11) flows

through a deep glacial trough (Ph. 14) in which can be seen much

evidence of glacial erosion and deposition. Young (1364, p. 460),

described this valley as follows. "From this point (Donald's

Cleuch) downwards the boulder clay has been completely worn out

of the valley by the ice flow, and is now confined to patches

among the crags. The moraine detritus no longer forms a continu¬

ous covering, but is scattered in nooks of rocks, gathered in

mounds among the roche moutonnees which stud the sides and floor

of the valley, or perched on bare tables of grit too decomposed

to retain striations. Patches of smooth alluvium add peat lie

surrounded by smoother bosses of rock, or retained by heaps of

rubbish; piles of large blocks alternate with mounds of the finer

and more characteristic morainie matter; bosses rise to a height

of 40 feet in the centre of the glen, under whose lee lie long

ridges of debris. This glen, Interesting geologically and remark¬

able as a scene of savage gloom and desolation is in strong contrast

with the soft pastoral beauty of the surrounding country, ends at

the head of the lower Talla Valley".

The field observations of the writer are well expressed by the

above quotation. The numerous morainio mounds of the upper Talla

Valley are only represented by a small group of mounds on the left

side of the Gameshope Valley. Solid rock is always near the
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surface taking the form of rock ridges that cross the valley from

south-west to north-east in the vicinity of Gameshope Castle and of

roche moutonri8ea further north. There ard great blocks of rook

strewn on the surface and. it is difficult to differentiate between

mounds of morainic material and masses of solid rock (Ph. ?4). On

the right bank of the Gameshope Burn a number of depressions have

been mapped} two of them contained water at the time of mapping.

It appeared that some of these depressions occurred in solid rock,

there being no evidence of much loose material. A possible origin

for these depressions is that they represent the plunge pools of

subglacial meltwaters.

On the left bank of the Gameshope Burn, to the north of

Gameshope Castle, there is a series of mounds similar In form to

those described in the upper Talla Valley. They are about 6 to

10 feet high and are formed of angular material with a gritty matrix.

Quite large angular blocks occur on the surfaces of these mounds.

They are aligned from south-west to north-east and form ridges

between which water eroded channels occur. Some of these channels

are still used by small streams.

The problems relating to the origin of these forms are the

same as those discovered in relation to the upper Talla morainic

mounds. An additional difficulty here, is that the geological

structure is frequently expressed in surface forms in the Gameshope

Valley. It is difficult to determine whether or not some of the
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mounds are solid or drift and it is not possible to ascertain to

what extent the alignment of the mounds is determined "by geological

structure. Only detailed mapping of the structures and the forms,

and excavations in the mounds will provide a solution.

The presence of roches moutonnees and moralnlc mounds, in the

lower Gameshope Valley, indicates that ice moved from south to north*

The morainic forms are not found "below 1250 feet hut rochet? moutonnees

occur further north suggesting that the valley glacier descended to

about 1100 feet. The source of this valley glacier is unknown as

there is no incipient cirque in the Gameshope Valley. It is possible

that Donald's Cleuch, with its semicircular head, was the most

likely source as the head of the Gameshope Valley is similar to

the head of Talla Valley; both are through cols in the rim of

the upper Tweed basin.

o) Morainic mounds of the upper Fruid Valley At the Pruid .Farm

the Pruid Valley has a wide, flat, marshy floor bounded by steep

sides (Fig, 12). At Cow Linns (Ph. 25, 26) the valley narrows as

its gradient steepens and there is a large mass of till on the

valley floor. This till, which has a steep north-facing slope has

been cut into by channels that are 10-15 feet deep, causing it to have

a maundy appearance. It is doubtful if the mounds are of deposltion-

al origin. The channels probably represent the early post-glacial

courses of the Pruid Water before it became established to the west

of the mass of till, where it has since cut down to reach solid

rock. Some 300 yards further south the till on the right bank of
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the stream again takes on the form of mounds and once again there

are channels that occur "between the mounds. The mounds are 10-20

feet high. Again one is presented with the problem of deciding

whether the mounds determined the position of the channels or vice

versa. To the south of this group of mounds and channels there

are no moralnic forms on the right side of the Fruid Water.

It is on the left side of the valley on the slope that descends

from the Craigy Middens, that the main concentration of rnorainic

mounds occurs. These mounds appear to "be depositional in origin

and not the result of meltwater, or post-glacial stream erosion.

Some of these mounds of coarse, angular, ice-scratched material

attain heights of 20-30 feet and have very steep sides (200-30°).
The alignment of the ridges, formed "by these mounds, is oblique to
the line of the Fruid Water, i.e. south to north. Between the
ridges there are depressions that in some cases contain small

streams.

Once again (cf. Talla Valley), the morainic mounds are

associated with a craggy slope that is unworthy of the name of

cirque. The distribution of morainic mounds is limited to the

steep slope at the foot of Craigy Middens, and to the slopes of the

Fruid Valley to the north. The origin of these mounds is probably

related to the retreat of an active ice tongue. To the south¬

east of Craigy Middens the till that covers the slopes above the

left bank of the Fruid Water has no distinctive form. However,

it has been cut into by a series of channels varying from 6-10 feet

In/
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in which they swing around towards the west at their southern ends

suggests that they are probably related to meltwater erosion that

was controlled, in some way, by the presence of ice. They were

probably subglacial meltwater channels.

There are no mound-like forms in the till that occupies Back

Burn or the wide, open, through col that forms the head of Fruid.

d) Morainftc mounds in the Polmood Valley Louis (1934) stated that

there is a magnificent end-moraine at the foot of the Polmood Graigs

(Fig. 5). This is an exaggeration as it is only possible to delimit

a few morainic forms in this rock-strewn, peat-covered, valley.

Srosion of the peat presents the observer with a very irregular

landscape. However it is possible to discern three large mounds

that stand above their surroundings on the floor of the Polraood

Valley, to the north of PoIiisooq Craig. Lower down the valley,

which is a steep-aided glacial trough, the surface is strewn with

angular blocks, but there are no xaorainic mounds.

e) Morainic mounds in the Manor Valley Although this valley

(Fig. 13) is in Area II it is necessary to discuss the morainic

mounds that occur towards the head of the Manor Valley because they

are part of a distribution related to the occurrence of high ground

at the rim of the upper Tweed basin.

The mounds which are 10-20 feet high, are elongated parallel

to the axis of the valley and small channels occur between them

(Ph. 27)./
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(Ph. 27). An exposure (Ph. 28) is cut in one of the mounds by

the Threshle Burn which indicates unsorted, angular and 3u.bangular

fragments in a sandy and gritty matrix. All the mounds occur

between 1100 and 1200 feet on the right bank of the Manor Water.

There are a few more mounds at about 1250 feet between the

Bitch Bum end the Manor Water. The Manor "Valley to the south of

these mounds contains till but there are no morainic mounds. The

mounds were presumably related to a small valley glacier that

descended, from Manorhead, to about 1100 feet in the Manor Valley.

iii. The Significance of MoralhlC;^Mound a In Area I.
Prom the description of the morainic mounds in the five valleys

considered here, certain conclusions can be drawn. Nowhere else

in Area I, other than in the valleys described above, are such

morainic mounds to be found.

Young (1864) suggested that 12 glaciers descended the valleys

which radiate from the rim of high ground stretching from Dollar Law

to Hart Fell (Fig. 9£. The map he produced has been confirmed by

the writer and the material presented in more detail for the upper

Tweed basin. If one substitutes the words "morainio mounds" for

the "moraines and detritus" of Young, then the distribution indicated

by the present writer coincides, except in some details, with that

of Young. To explain the distribution of moraines Young wrote

(1364, p. 452), "This wide plateau and these long slopes would under
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other climatal conditions form an extensive snow-field whence

glaciers might descend into the valleys beneath, fhe presence

of moraines in 12 valleys demonstrates the former existence of

these conditions, while the occurrence of boulder clay in every

respect comparable with that of the low country, either filling up

valleys parallel to, or entering those once the seat of glaciers,

or lying high up on the sides of these latter, speaks of an earlier

glaciation whose resulting deposits have in places been partially

removed by later ice-streams". It seems that Young was postulating

two distinct phases of glaciation. J. Geikie (1894) at first

thought that the moraines to be found in some of the valleys of the

Southern Uplands represented the last stages of retreat of the

valley glaciers, into which the mer cTe ;-alace had broken up. He

later reached the conclusion, after further work in the Hebrides, the

Highlands and the Southern Uplands that (1894, p. 213), rtIt is

without doubt true that the ice-sheet of the second glacial epoch

roust have passed away in the form of local glaciers and left the

mountain valleys more or less crowded with morainic debris. But....

the moraines now visible are not entirely the product of the second

glacial epoch. They belong mainly to a third epoch of glaciation,

which was separated from the preceding ice age by a prolonged

period of interglacial conditions". J. Geikie goes on to point

out that the morainic mounds rest upon a boulder clay which further

down the valley, that is, below the morainic mounds, has been

undisturbed by ice erosion. He concludes that (p. 206) " ....the
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local glaciers, into which the general ice sheet was ultimately

resolved, after retreating towards the heads of their valleys, had

again advanced for a considerable distance, and ploughed into and

removed the boulder clay. J. Geikie believed these moraines to

have been produced by a re-advance after," a prolonged interval

of milder conditions . In evidence of this I cannot cite the

occurrence of lnterglacial deposits. No deposits of the kind, so

far as I know separate the "upper boulder clay" from the morainic

heaps and boulder clays of the local or district glaciation. It is

possible that such may exist, and may yet be recognised, for their

existence has not hitherto been suspected. Nevertheless the

great valley glaciers and district ice sheets were contemporaneous

with a movement of depression - the marine accumulations formed

during that submergence having been ploughed into by the glaciers

in question. In short, it can be proved that after the formation

of the "upper boulder clay", Scotland sank for more than 100 feet

in the sea, after which another recrudescence of ice-action took

piace" (J. Geikie, 1894, p. 264).

The work of Young and the Geikie brothers in the upper Tweed

basin has been confirmed by the field work of the writer. The

extensive coverage of the area by an ice-sheet is proved by the

existence of a large number of meltwater features (see section 7)

and the widespread distribution of till. After the dissipation

of the ice sheet, the limited distribution of the morainic mounds

indicates that there was a re-advance of valley glaciers that
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descended some of the valleys In the south-east of the upper Tweed

basin to about 1100 feet (Pig. 14). The source areas of these

valley glaciers were within the upper Tweed basin, in Contrast

to the ice sheet, the centre of which was outside the basin.

The absolute chronological relationships of the two stages of

ice erosion and deposition in the eastern Southern Uplands are

unknown as no datable deposits have been examined. Translating

J. Oeilcief s conclusions into modern terminology the following

chronology is suggested t

Southern Upland ner d'e glace - Scottish He-advance

Prolonged period of interglacial conditions - Got!glacial

Local valley glaciation = moraines » Perth He-advance - Zone I

On this basis the local glaciation, that resulted in the

formation of the moraines in the five valleys described above, can

be dated as Zone X and is equivalent to the Perth re-advance of

the Scottish Highlands. No evidence, in the form of datable

deposits, has yet been found either to support or modify J. Geikle* s

interpretation of the chronology of the events of the last major

glaciation of the Southern Uplands.

Apart from the question of dating the 'Local Glacial,ion',

the following conclusions result from the evidence provided by the

lithology and morphology of the moraines within Area I (Pig. 14).

a) The moraines occur between 1900 and 1100 feet.

b) They ere in three places related to craggy slopes that face

north and which could have been incipient cirques.

c) The distribution and form of the morainic mounds suggest that

they/
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they were deposited at the margins of several active, hat retreat¬

ing, glaciers.

7. Fluvloglaclal Erosion

In the Geological Survey's Memoir for sheet 24 (1369, p. 18)

reference is made to *hat are now known as meltwater channels. "There

occurs also in different parts of the district remarkable hollows

or trenches, like old water courses, running along the slopes of

some of the hills, but without any stream or any clue to the souroe

from which they could have received a stream. The origin of these

forms of surface is not very clear. Possibly they should be

referred to a time when the drainage of the district was greatly

modified by large accumulations of snow and ice".

The meltwater channels that have been mapped on the sides of

the Tweed Valley and its tributary the Kingledoors Valley, con¬

stitute the only extensive evidence of meltwater erosion in Area T

(Pig. 5)* A few channels occur within the uplands in the south-
?

east of the area and in the lower Gameshope Valley (Pigs. 11, 15).

The small channels between the morainic mounds at the head of

Talla, Gameshope and Fruid Valleys (Figs. 11, 12) could alsn be

attributed to meltwaters but whether or not the courses followed

by these waters were directed or enclosed by ice is a matter of

debate.

The evidence of meltwater erosion, has certain limitations.

It is not always jjossible to determine to what extent the present

form/
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forin of a channel reflects the actual amount of erosion done by

meltv/aters. Certain channels are located in co ls and since the

elevations of the original cols are unknown, the actual depth of

such channels cannot he determined. Similarly, mass wastage and

peat formation have resulted in the partial infilling of many

channels and this again makes difficult the determination of

channel depth. In some instances, post-glacial streams have cut

into the lower ends of channels and, therefore, the actual length

of such meltwater channels is unknown.

In the paragraphs that follow, channels will toe referred to

toy a system of letters and numbers. The letter refers to the

spur or slope on v/iiich they occur; the number to the channel on

that spur e.g. A3.

The pattern that has emerged from the mapping of the meltwater

channels discussed below presents many problems relating to their

mode of origin and the manner of the dissipation of the last ice

in this area, There is great variety in the size and form of the

channels in these two valleys. Many are from 15-200 yards long

and from 10-30 feet deep (Ph. 29, 30, 31). They have steep

Bides and the ones with peat-covered floors usually have gentle

gradients. The larger ones are several hundred yards long and. up

to 100 feet deep (Ph. 32). Channels A3, P5, L3 and )1t7 (Pigs. 17,

18, 19, 20), have a sinuous form whereas most of the other channels

are straight or slightly curved. Channel W7 (Pig. 20, Ph. 32) is

very/
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very impressives it is sinuous and has a T-shaped cros3~profile

that is 50 yards wide at the top and 100 feet deep. In contrast

to the very large channels there are features that, owing to their

smallness and indistinct form, have not been indicated on the maps

but which could have resulted from erosion by meltwaters.

The few channels that have suffered very little infilling by

mass wastage or by the growth of peat have a V-shaped cross-profile

and an irregular long-profile e.g. Fig. IS* H10, Hll, J7 (Ph. 33),

K5, E6. A few channels have a definite 'up-down' long-profile

cut in rock e.g. Fig. 70, V3, W7.

There appears to be no constant relationship between the size

of a channel and its position on a spur. Some spurs have the

largest channels near the top e.g. J, Pig. 19, while others have

them at their lower end3, e.g. V and 1, Pig. 70.

There is considerable variety in the position of the channels

in relation to the spurs into which they have been cut. Some

have been cut parallel to the contours of the spur, e.g. J15

(Pig. 19), 13 (Fig. 11), W3 (Pig. 20), while others have been cut

at a considerable angle to the contour lines only on one side of a

spur e.g. C4-14, 01-7 (Pig. 18). In a few Instances the major

watershed between the River Tweed and the Kingledoors Burn has been

breached by channels e.g. HI, H3, K5, Ko (Fig. 19). Numerous

channels occur on the over-steepened spur ends on the right side

of the valley, on Craig Head, Laigh Hill (Fig. 20), Grange Hill

and Mill End (Pig. 13).

There/
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There is a marked concentration of channels on the left

side of the valley (Fig. 5)t 160 out of the 200 indicated on the

map. In the distribution and position of these channels there occu

a repeated pattern. There are five gitoupsj spurs A,B,U; F,G,I;

N.O.P; V.W.S. In each of these groups the most southerly

channels are aligned almost parallel to the trunk valley and are cut

around or through the spurs and then each group is terminated by

a set of -channels that are cut at an angle to the contour lines of

the spurs on which they occur. There are no channels on spurs D

and E (below 1400 feet) or on the upper parts of I and M, and It is

significant that the highest channel in any group is at a greater

altitude than the lowest channel in the group immediately to the

south.

Most of the channels on the right side of the Tweed Valley

occur on the spur ends. Once again there is a grouping of channels;

they occur on four spurs, two spurs in each group, while the other

spurs are devoid of channels.

There are sevei'al reasons why the channels described above

cannot be attributed to overflows from lakes occurring in the

re-entrants and dammed up by ice occupying the Tweed Valley. There

is no evidence of shore-lines, deltas or lake-floor deposits. The

position and form of some of the channels on certain spurs suggests

that the origin of these channels will not be solved by postulating

numerous ice-dammed lakes. If it is assumed that an ice-dammed

lake/



-82-

lake would overflow at the lowest point on a col, channels Al-5

and Bl-5 (Pig. 17) would be difficult to explain. In the two

cols in which these channels were cut one would expect to find

only one channel, if ice-dammed lakes had existed, instead of the

sequence of channels occurring in the cols.

When water flows freely down a slope it usually follows the

line of maximum slope. The channels on spur C(4-14) and spur G

(1-4), fig. 13, are cut at an angle to the line of maximum slope

and, therefore cannot be attributed to the spill over the spur

crests, of waters from lakes that existed to the south. Other

examples, such as the complex system on spur J(l-10), Fig. 19,

(Hi. 34, 35, 36) and the channels on the spur ends on the right

side of the valley confirm the statement that the channels here

described cannot be attributed to overflows from ice-dammed lakes.

It is suggested that a mass of ice at one time covered all

the hills of the area and that when it began to downwaste, the

Ice margin coincided very closely with the present contour

pattern. The channels aere cut, not as the result of overflows

from ice-dammed lakes, but by the erosive action of large quantities

of meltwater that flowed in marginal, supraglacial, englacial or

subglacial streams that came into contact with the solid rock at

the margin of, or beneath, the ice.

a) Marginal channels. Many previous writers have suggested that

meltwater channels can be cut by water flowing along the ice

margin. It is possible that one side of such a channel would

be/
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be formed by Ice, the other by rock. Such cm arrangement would

result in a bench being cut into the solid rock. It is also

possible for such marginal streams to cut complete channels into

the rock so that when the ice leaves the area, channels are found

on the valley sides aligned approximately parallel to the ice

margin (Fig. 21, A.B.G). It is therefore a characteristic of such

channels that they are also approximately parallel to the present

contour pattern.

It was with this simple concept in mind that the writer went

into the field. The material here presented indicates that, as

far as Area I is concerned, simple marginal channels are unusual

features, only a few examples being attributed to that process of

formation. L3 (Fig. 19), is a feature ^ust below 1200 feet which

at its southern end is a bench that then develops Into a 15 feet

deep channel with a flat peat floor, 15 yards wide. The channel

form then becomes a bench which in turn develops into another

channel, only to terminate at its northern end as a bench (Fig. 22).

The best example of a bench cut by meltwater that flowed in a

channel the one side of which was formed by ice and the other by

rock is $8 (Fig. 20). It is 20 yards wide and has only a very

gentle slope to the north.

Some channels start on one side of a spur as a bench, cut

through the spur as a channel and continue around the contour

of the spur on the other side, as a bench. There are two processes

that can be suggested to explain the origin of these forms. They

could/
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could represent the superimposition of a meltwater stream

established on the ice surface on to the rock beneath; this process

will be given more attention later. On the other hand, they could

be formed in the following manner (Fig. 23). After the establish¬

ment of a meltwater channel between the ice margin and the spur and

the development of a bench on the spur, the ice surface could be

lowered by ablation causing the meltwater stream to incise its

course into the spur, resulting in the establishment of a two-

sided channel cutting through the spur. J. G.jessing (I960) Invokes

a similar process to explain the 'canyon' section of channel systems

in east-central-southern Norway (p. 466), wAt some places the river

cut vertically down in the elevation instead of sliding around

thus forming canyons in straight continuation of the proximal,

gently sloping, mostly one-sided channels".

14 (Fig. 19) starts as a bench on the south side of the spur,

but it becomes a 10-15 feet deep channel with a flat peat floor,

30 yards wide, as it cuts through the spur crest. On the north

side of the spur it is a bench that is almost parallel to the

present contour pattern.

J15 also starts as a bench but in its channel section, that is

10—20 feet deep with a flat peat floor, 30 yards wide, it is parallel

to the contours of the spur rather than transverse to them. The

latter characteristic suggests its position was controlled by the

ice margin rather than by the superimposition of a stream from the

ice surface.

It/
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It has been assumed above that meltwater channels that are

parallel, or sub-parallel, to the present contour pattern were

related to the ice margin. The influence of Mannerfelt's (1945)

paper, in which he suggested the seasonal development of flights of

marginal channels, has been considerable, but more recent work

(G jessing. I960 and Sissons 1953a,b,cj 1960a,b, 1961a,b), has

enlarged the concept of subglacial erosion and deposition.

There appears to be no reason why channels could not have been

cut parallel to the ice margin i.e. parallel or sub-parallel to

the present contour pattern, but subglacially. Von Engeln (1912

pp. 109-110), states t&at, "Where a valley glacier has existed fojr

a considerable period of time without experiencing any spasmodic

disturbances of its mass, whether it is land ending or tidal,

nearly stagnant or in active motion, its lateral drainage will

normally be submarginal. The term submarginal is used here

meaning: under the ice but near its lateral margin". It is

therefore impossible to prove that any channel was formed, at the

lateral ice margin.

There is a noticeable absence of channels on certain valley

sides and even on the southern side of some spurs that have channels

cutting through their crests or along their northern sides (Pig.5) •

In such instances the rneltwaters-presumably flowed in channels on

the surface of, or in, the ice, i.e. away from the ice margin.

The distribution of channels on spurs A and B (Pig. 17),

illustrates this pdint. There are no channels on the east or

south/
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south facing slopes of the Old Bum Valley and yet there are well

developed channels on spur A and through the crest of, and on the

north side of, spur B. It is suggested that the meltwater either

flowed across or through the lobe of ice that occupied the Old

Burn Valley, rather than around its margin,

b), Subglacial channels, There is evidence of subglaclal stream

erosion in the form of channels that run straight down hillsides

or at a considerable angle to the contour lines, HI3 and HI4

(Pig, 19), are excellent examples of marginal or submarginal channels

that are terminated at their northern ends by a "subglacial chute"

(Mannerfelt 1945). Channels HI, H3 and J7, «J11, begin on the

higher slopes of the Tweed Valley and cut across the present

watershed between the Tweed and the Kingledoors Valleys and their

intakes fall in altitude from south to north. All these channels

are V-shaped (Ha. 40) and vary in depth from 20-50 feet. Channels

HI, 2,3 and 4 (Ph. 37) appear to have been marginal or submarginal

ohannels, at or near the edge of the Tweed ice, that became sub-

glacial as they plunged beneath the ice occupying the Kingledoors

Valley. The complex systems at H and K indicate thai the ice

in the Tweed Valley and that in the Kingledoors Valley was at

approximately the same level on either side of the watershed.

There must have been ice up to around the 15®0 foot contour in the

Tweed Valley for channels H 1,2,3 and 4 to have been cut; and to

a similar level in the Kingledoors Valley, since the continuation

of/



-87-

of those channels to H10 and Hll, occur at an oblique angle to

the contours and therefore must have been controlled by tunnels

in the ice. K5 and 6 (Ph. 33, 41) separated by rock ridges,

repeat the relationship to be found between H10 and 11. These

double channels could only have been formed beneath the ice as

there is no reason why meltwaters should cut two channels in such

close proximity as they flowed over the watershed in a pre-existing

col, unless their courses were determined by tunnels in the ice on

the Klngledoors side. The channels that carried the meltwaters

from the Tweed Valley descend almost to the floor of the Kingledoors

Valley and if they were functioning throughout their length at any

one time, tunnels permitting the flow of water beneath at least

300 feet of ice must have existed in the Kingledoors Valley.

most of the channels on the right side of the Tweed Valley

are subglacial chutes that occur on the spur ends. The complex

system of channels on Craig Head (Fig. 20), indicates that there

was ice at least up to the 1600 foot contour. All the ohannels

are shallow: 5-15 feet deep and 5-15 yards wide. It appears that

meltwaters were flowing across the surface, and at the margin of

the ice that occupied the valley between Craig Head and Laigh Hill.

Channels 1-4 on Craig Head all begin as marginal forms and then

plunge down the spur end. All the channels on Laigh Hill (Fig. 20),

Grange Hill (Ph. 42) and Hill Bnd (Fig. 18), are subglacial chutes

that carried meltwaters over the spur ends and beneath the ice

occupying the Tweed Valley. These channels are attributed to

glacial/
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glacial meltwaters rather than to post-glacial gullying because they

are not continuous on any given slope, i.e. they have abrupt beginn¬

ings and endings and do not always go straight down a slope. They

contain no streams at present and occur on only four of the spurs

on the right side of the Tweed Yalley, whereas if they were the

result of gullying it would be expected that similar channels would

have been formed on the other spurs.

The long-profiles of certain meltwater channels indicate that

they must have been cut beneath a considerable thickness of ice.

Two characteristics, namely steepness and irregularity, of long -

profiles excludes such channels from being formed in association

with the ice margin, which although not necessarily very regular

in form, is usually characterised by a general slope in one

direction over considerable distances.

Erosional up-and-down long-profiles of channels are often

difficult to prove since the majority of the channels have flat

floors resulting from infilling by till, the products of mass wast¬

age and peat. There are two of particular interest, as the

irregularities in their long-profiles are such that water must

have flowed up hill along part of each of the channels. The most

spectacular channel with an up-down long-profile, cut in solid rock,

is W7 (Fig. PO). This sinuous channel is 100 feet deep with a

Y-shaped cross-profile that is about 100 yards wide at the top. At

its southern end, the intake is at approximately 1050 feet. The

channel then rises to about 1070 feet before descending to about

'970/
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S70 feet. It is probable that this channel was cut by a large

volume of water flowing in a tunnel beneath the ice, under hydro¬

static pressure.

There are two other channels with up-down erosional long -

profiles. V3 (Fig.2G), is a channel which at its southern end is

20 feet deep and has a V-shaped cross-profile that is about 40 yards

wide. In its northward-sloping section it becomes a flat, peat-

covered bench, some 30 yards wide. P6 is a channel with a V-shaped

cross-profile that is 20-30 feet deep and 30 yards wide at the top,

which may be cut in drift rather than solid rock: the extent and

thickness of the drift in this area is difficult to determine.

This channel rises up through 10 feet before it descends to the

north through about 30 feet.

Numerous authors have invoked water flowing under hydrostatic

pressure to explain both erosional and depositional features.

Ahlmann (1938), Arnborg (1953),, Jonsson (1955), Okko (1955) and

Thorarinsson (1939), have all stated that there are instances in

Iceland where subglaoial waters have to flow up hill in order to

emerge from the ice and therefore must flow under hydrostatic

pressure. Arnborg (1955, P# 225) states that in these conditions

M the subgl&oial river may have a great capacity and eroding

force". Thorarinsson (1939, P» 204), describing the emergence of

a stream at the foot of Hofellsjdkull says, "An enormous mass of

water wells up almost vertically in front of the ice margin, which

indicates that it is squeezed out under great pressure". There

seems/
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seerns little doubt that water does flow under pressure in and

"beneath ice "but proof that it is able to erode under such conditions

has yet to he provided.

c) Superimposed channels. Some channels e.g. B3 (Fig. 17), F5 (Fig. 18)
and J12 (Fig. 19), cut through the crest of a spur rather than follow

the contours around a spur as would he expected in a true marginal

channel. It is suggested that such channels were formed hy meltwater

streams that were flowing on, or in the Ice and which were let down on

to the spur "beneath, and ctft into it (Fig. 21, D,E.F). It is not poss¬

ible to describe them as marginal channels as they are quite likely to

have occurred some distance from the ice margin if the streams that

cut them were flowing in supraglacial gorges, or subglacial or

englacial tunnels. The manner in which these forms cut through

the crests of the spurs suggests that their courses were primarily

determined hy the pre-existing ice valley. It is suggested

that large meltwater streams, similar to those that occur In

association with some present glaciers e.g. Hagafellsj&kull Eystri,

central Iceland (Hoppe 1950, p. 49), existed on and in the ice

occupying the Tweed and the iCingledoors Valleys, As the ice

surface downwasted, the ice valleys or tunnels were lowered and

eventually came into contact with solid rock and superimposed

their courses on to the spurs. This hypothesis can explain why

many channels cut through the spurs and why they are of more or

less constant width and of low gradient throughout their lengths.

Thus the channels here described only represent a very small part

of/
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of the courses of the meltwater streams, the greater parts of

which were either on, or in, the ice.

It is important that the form of the ice surface be considered

as it is not possible to postulate supraglacial streams flowing on

an ice surface that falls very rapid1y from the centre of the

valley to the valley side. There is proDably a relationship

between the angle of slope of the valley side, or spur, and the

slope of the ice surface towards the lateral ice margin, based

upon the amount of reflected heat received from a steep slope

as against that received from a gentle slope. Many of the spurs

on which it is suggested supraglacial streams superimposed their

courses, have gentle gradient and the ice surface would, therefore,

not have had a steep slope.

It is also possible that when a supraglacial stream was super¬

imposed upon an underlying spur, it could have become englacial or

subglacial on what -was, in terms of the direction of the ice move¬

ment, the lee side of the spur. Observations made In a tunnel cut

Into the Mount Collon Glacier (Haefell, 1951, p. 496), showed that,

"The glacier, flowing over the top of this cliff (60. m. high),

detached itself from the upper edge, as does a waterfall, leaving

a gap of 2-4 metres in between ice and rock. Carol (1947, p. 58)

also states that, "Under a pressure equivalent to a depth of 50 m.

or less the glacier ice is rigid and brittle? it fractures easily

on bending. If it flows over a large rock it does not immediately

re-form to the slope of the glacier bed after it has passed the

obstruction"./
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obstruction". The ice contact on the lee side, therefore, may

have had certain weaknesses and these would be utilised and

enlarged by a meltwater stream.

Evidence to support this hypothesis is to be found on several

spurs in Area I. On spur B (Pig. 17) channel 3 cuts through the

spur, but to the north the channels are ell subglacial forms

(C4 - 14). The meltwaters that cut B3 either became subglacial or

englaciel at its northern end or somewhere on the lobe of ice

between spurs B and C. If a channel has a gentle gradient, it is

probable that the change in gradient represents the point at which

the supragl&cial or englacial stream became subglacial. w6

(Fig. 20), starts as a benoh, cuts through the spur crest end runs

down the northern side of the spur; this seems to suggest that

after the supraglacial stream had cut through the spur, it

became subglacial on the northern side.

Other Meltwater Channels in Area I.

There is very little evidence of meltwater erosion outside

the Kingledoors and Tweed Valleys. There are occasional cols in

the rim of the Tweed basin that appear to have been modified by

meltwaters, e.g. at the head of the Smid Hope and Polmood Valleys

(Fig. 5). Three channels occur near Whitelaw Brae (Fig. 17)

and one each on the Grown of Scotland and Garelet Hill (Fig. 15).

The two latter are above 1750 feet. The channel on the Crown

of/
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of Scotland is 20 feet deep and 30 yards wide and is cut through

solid rock. Its position suggests that it was a marginal or sub-

marginal form cut as the Crown of Scotland emerged aboved the

ice surface. The channel on Garelet Hill is similar,

At the lower end of the Gameshope Valley (Fig. 11) there ere

four channels. They are all between 15 and 20 feet deep with

V-shaped cross profiles, They were formed at or near the margin

of a mass of ice occupying the floor of the Gameshope Valley between

1000 and 1100 feet. Channel 3 is a subglaclal chute.

ill* Channels Between^Morainic bounds
Reference has already been made to the channels that occur

between the morainic mounds in the Talla, Gaineshope and Fruid

Valleys (Fig. 11 and 12). There can be little doubt that fluvial

erosion was responsible for these channels and the water may have

been provided by the melting ice. Whether or not the formation

of these channels occurred in close association with the presence

of ice is not certain.

The channel pattern seems to be closely related to the dis¬

tribution of the morainic mounds and therefore has an alignment that

is oblique to the valley sides. Both the channels and the morainic

mounds could be related to the steeply sloping margins of ice

tongues occupying the valley heads. More detailed mapping of both

mounds and channels will have to be carried out before their origin

oan be explained.

iv^ Reconditions of Fluvioglacial Srosion
The distribution and form of the meltwater channels in Area I

indicate/
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indicate that most of the fluvioglacial erosion resulting from

the dissipation of the ice sheet occurred in a subglacial environ¬

ment. A lack of channels, that are known to have been formed at

the ice margin, makes it impossible to reconstruct the surface of

the ice sheet at any stage in its wastage. The ridges and spurs

of high ground emerged from the ice surface as the latter down-

wasted and waters flowing from the Ice free areas and from the

melting ice surface combined to develop a supraglacial, englacial

and subglacial drainage system that has left its mark on the present

topography in the form of the channels discussed above.

8. Fluvloglaoial Deposition

Considering that there is extensive evidence of meltwater

erosion on the sides of the Tweed and Kingledoors Valleys there is

comparatively little definite evidence of extensive fluvioglaoial

deposition. The maximum thickness of fluvioglacial deposits proved

by exposures is less than 10 feet. The Geological Survey's Sheet 16

indicates considerable areas covered by fluvioglacial deposits in

the Tweed and Kingledoors Valleys. This thesis suggests that

fluvioglacial deposition was not so extensive as the Geological

Survey's map indicates.

The most southerly evidence of fluvioglacial gravel on the

left side of the Tweed is a small exposure (Exp. 1?, Fig. 18),

near the road on the right bank of the South Hallow Burn. It shows

5 feet of gravel containing rounded pebbles 1-4 inches in diameter

in a gritty matrix. There Is no evidence of sorting or of

stratification/



-95-

stratification. This exposure occurs towards the southern end of

a gravel spread that continues northwards towards Tweedsmuir. Its

irregular surface slopes from about 1000 feet in the south to 900

feet in the north. Although between 3 and 4 feet of coarse sand

and gravel occur on top of the till in Sxp. 15 and 16, there is

no fluvioglacial deposit in Exp. 13, 14 and 21. 6 feet of gravel

occurs on top of the solid rock in Exp. 20. The absence of fluvio¬

glacial deposits in some of these exposures may be the result of

post-glacial erosion as the exposures occur in stream banks. The

morphological character of the area between South Hallow Burn

(below 1050 feet) and Tweedsmuir (below 900 feet), (Pig. 19), suggests

the presence of fluvioglacial deposits. Exposures 18 and 19

(Pig. 18) indicate rounded material of varying size (1-8 inches)

with occasional large rounded fragments (up to 2 feet). There is

no indication of stratification or sorting. This gravel spread

continues to the north-east and has occasional ridges and mounds

standing above its general level. To the north-east of Nether

Rigs it has been dissected by several meltwater channels and the

significance of this dissection will be discussed later.

Apart from the exposure in the Badentree fan (Pig. 16, Exp. 5),

where at least 12 feet of unstratified gravel occurs, there is no

proved gravel in the Tweed Valley south of Exp. 12 (Pig. 18).

Between the mouths of the Fingland and Talla Waters (Pig. 18

and 19), the Tweed Valley has a large amount of valley-fill

material. Exposures indicate that at least the upper layers were

water-laid. The odd mounds on the surface of the valley-fill

between/
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between Fingland and Fluid are probably formed of gravel.

The deep gully that is occupied by the North Hallow Bum

(Fig. 19^, contains three dissected mounds of gravel high up on

its right bank. There are no clean exposures available but there

are large amounts of very well rounded pebbles, ranging in size

from | to 3 inches in diameter, strewn on the eroded sides of the

mounds. The unusual positions of these mounds and their distinctive

form (now represented by half cones), suggests that they represent

kames deposited at the base of moulins. They bear no apparent

relationship to meltwater channels on the spur to the south.

At the foot of spur J there are some well-developed mounds

(Fh. 43)i the summits of which are all between 890 to 900 feet.

The fact that between these mounds there are some well-developed

meltwater channels suggests that the form of the mounds is the

result of processes of erosion rather than of deposition. Expos¬

ure 27 indicates that the mounds are formed of rounded and subangular

fragments 1-4 inches across. A count of pebbles in this

exposure revealed that they were 100$ of local material.

To the north of Tweedsmuir a narrow gravel spread probably

occurs between 800 and 850 feet on the left side of the valley.

There are no exposures to support this statement but a few kame-

like mounds do occur. It is not until Exp. 33 (Fig. 19) is

reached that fluvioglacial deposits are confirmed. A pebble

count indicated that the material was 100$ of local origin, the

pebbles being well rounded and 1—5 inches in diameter, with some

larger/
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larger rounded boulders.

Near the junction of the Tweed and Eingledoors Valleys

there Is an extensive gravel spread the surface of which is

between 730 and 750 feet rising to over 800 feet up the Kingledoors

Valley (Hi. 45). The Kingledoors Burn has cut into the valley-

fill material revealing several Interesting exposures.

In all the exposures in the lower Kingledoors Valley the

sequence is a simple one* fluvioglacisl deposits resting on basal

till. Exp. 3? (Fig. 20), presents a clear section (Fn. 44).

5 fiet i sand arid gravel (pseudo stratification)

5 feet i sandy clay with odd pebbles

4 feet + s till (base unseen).

Exp. 36, has a 20 foot face at the top of which there is 2 feet

of coarse gravel, that overlies some lenses of sandy clay. The

rest of the face is formed of sub-angular material in a sandy,

gritty matrix. This section is typical of the fluvioglacial

deposits of the area as it has some stratification, but there is

little sorting of particles according to size within the strata.

The presence of fine stratified sediments in Exp. 32 and 36

indicate that small lakes probably existed at a late stage in the

deglaciation of the Kingledoors Valley, which permitted these

deposits to be laid down, before the final melting occurred, which

resulted in the deposition of the coarser material on top of the

fine lake sediments. There is no evidence, in the form of

structural disturbance, to Indicate that these lakes were developed

on/
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on the Ice surface, and the lake deposits later let down to the

valley floor. It is possible that such deposition could have

occurred beneath the ice.

The surface form of the fluvioglacial deposits in the lower

part of the Kingledoors Valley is interesting as there are several

mounds that stand up above the general level. No sections are

available but the disposition and form of these mounds suggest that

they are erosional rather than depositional in origin. Higher up the

valley (Fig. 19) there is an isolated ridge that is aligned transverse

to the axis of the valley. Bxp. 31 indicates that the ridge is

formed of gravel and fine send. It is possible that the ridge

may have been deposited by the meltwaters that cut channels K5

and K6 as they flowed beneath the ice occupying the Kingledoors

Valley. If this is true, the ice must have been stagnant other¬

wise the ridge would have been subsequently destroyed.

Prom topographic evidence, the fluvioglacial deposits eround

the mouth of the Kingledoors Valley appear to continue northwards

along the left side of the Tweed Valley (Hi. 45) extending up to

about the 800 foot contour. Exp. 41 (Pig. 20) in the right bank

of the Logan Burn Indicates 6-10 feet of gravel on top of till.

To the north of the Logan Burn there is a series of low mpunds,

6-12 feet high, that are aligned almost west-east. These mounds

may represent the depositional phase of the meltwater drainage

which out the subglacial chutes XL, 2 and 3. The subglacial

origin of these mounds is therefore implied. The gravel spread

continues/
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continues along the left side of the Tweed galley but narrows

towards the north. There are only a few small exposures and no

significant forms.

9. Other Deposits Associated with Glaoiation

The significance of former periglacial activity ih the

Southern Uplands is a field of study yet to be developed. Galloway

(1958), made several comments that have already been presented

(Chapter III). The presence of numerous meltwater channels that

have suffered only a limited amount of infilling suggests that

mass-wastage and mass-movement under periglacial conditions has

not significantly affected the topography.

There are three very interesting exposures in Area I that

could not be discussed under the headings of either glacial

deposition or fluvioglacial deposition,

i, 2^®„5we®d_Valley;

Exp. 7 (Pig. 16) in the valley-fill material, on the left

side of the Tweed Valley (Ph. 46) is a superficial deposit with

marked horizons of small angular fragments and argillaceous

material (Ph. 47)*-

8 inches Soil

Clay

6 » Clay with angular fragments

Clay

10 * Imbricated angular fragments

2 " Clay

? Chaotic angular fragments

The/ ,
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The fragments are generally between and 3 Inches across and in

some instances, a number of the smaller fragments ere seen clustered

around one large piece of rock. The rock type appears to be

homogeneous. The topographic form in which this deposit occurs

is an undulating slope that descends towards the River Tweed from

spur u. On the Geological Survey's Sheet 16, the deposit is

mapped as fluvioglacial sand and gravel and without Exp. 7, and

using only topographic evidence, their conclusion would be reasonable.

The topographic expression of this deposit is similar to that of

the fluvioglacial deposits further north. The location of numerous

meltwater channels on spur C suggests that the undulating surface

that commences at their northern ends is formed cf fluvioglacial

deposits laid down by the meltwaters that cut the channels on

spur C. However the deposit revealed by Exp. 7 in no way resembles

fluvioglacial sand and gravel. Discussion with other workers

familiar with periglacial processes leads the writer to conclude

£hat Exp. 7 indicates a solifluction deposit. It is significant

that this is the only exposure that requires periglacial activity

to explain its origin, in the Tweed Valley in Area I.

ii^ ?^®_I^IIs_Valle^

At the northern end of the upper Talla Valley (Fig. 11), i.e.

above Talla Linns, where the Talla Water swings to the west, there

is an open area where the megget and Talla Valleys meet. Crossing

this valley is Talla Moss, an almost flat area of peat resting on

what appears to be from the limited number of exposures available,

till./
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till. At first sight the flatness of Talla Moss suggests that

it owes its origin to a mass of outwash material from the glacier

which deposited the morainic mounds higher up the valley. How¬

ever, there are no exposures in Talla Moss which support this

hypothesis.

On the left bank of the Talla Water, opposite Talla Moss,

there are two exposures that present some interesting evidence.

Exp. 1 has a face about 3 feet high at the top of which there is

coarse angular material (up to 1 foot across) with a gravelly

matrix. The junction between this bed and the silty sand

beneath dips quite steeply to the east. A little further up

stream there is a larger exposure (Exp. 2) that is again topped

by coarse angular material beneath which there is a sandy silt

(Ph. 48). The bed of sandy silt has an anticlinal structure in

the core of which there is a lenticular mass of angular grit, the

individual fragments of which are about 0.1-0.2 Inches across.

This then passes downwards to a layer of sand that is bedded and

has minor convolutions. Beneath the sand there is a distinct

stratum of angular grit similar to that found in the lens higher

in the section. The upper and lower surfaces of the gritty layer

are undulating and it rests on a stiff clay containing subangular

iron-stained fragments up to 2 inches across.

These two exposures occur in almost flat-topped masses (peat-

covered) that slope towards the Talla Water and which are at the

same general altitude as Talla Moss. The presence of sand, silt

and/
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and gravel in these two exposures so near to the flat-topped Talla

Moss could point to the fluvioglacial origin of both the Moss end

the flat-topped masses on the left bank of the Talla Water. However,

the structures and lithology found in the two exposures, especially

Exp. 2, suggests that at least the masses on the left bank of the

Talla Water are the result of the movement and re-sorting of till

from higher up the slope under periglacial conditions. The lens of

angular grit in Exp. 2 is very similar to material seen in soli-

fluction lobes on the slopes of Green Lowther (personal communi¬

cation : Er J.Tivy ).

ill. The Valley-Fill of Fruld, Havvkshaw and Fingland Valleys
Information has been kindly provided by Messrs R.H. Cuthbertson

and Associates, of Edinburgh, on the thickness of valley-fill

material in these three valleys (Pig. 24). A number of bore-holes

were put down along the possible line of an aqueduct to feed the

proposed new reservoir in the Pruid Valley. Other bore-holes In

the vicinity of the proposed dam-site provide more information about

the valley-fill material, around Craiglaw in the Pruld Valley.

The depth of the valley-fill on the sides of the Fingland and

Hawkshaw Valleys ranges from 1? to 18 feet. In the Pruid Valley

it ranges from 40 feet at the centre of the valley thinning to 20

feet at the 1050 foot contour. One exceptional bore-hole is No. 1

in which 57 feet of valley-fill material was rec8£ded ^®^ore solid
rock was encountered.

The/
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The description of strata provided with the bore-hole logs

does not give sufficient information on which to base a genetic

classification of the deposits described# No descriptions were

available for the materials encountered in the bore-hdles put down

in the H&wkshaw and Fingland Valleys but those in the Frrid Valley

provided a great deal of information. B.H. 1 revealed 23 feet of

coarse gravel and sand that passed down to sandy clay and gravel

with Whinstone boulders. B.H.2, 3» 5, 6 and 7 all indicated varying

thicknesses of sand and gravel resting on Whinstone. 3.H. 4

showed 20 feet of sand, gravel and boulddrs resting on 20 feet of

red sandy clay and gravel with boulders.

The information provided by these bore-holes confirms the

general relationships suggested for the valley-fill material in the

Tweed Valley. On the floor of the Fruid Valley between 20 and 40

feet of fluvioglacial material overlies a basal till.

10. The Origin of the Valley-Fill in the Tweed and Kin/dedoors Valleys

Under the three headings ofs Glacial Deposition, Fluvioglacial

Deposition, and Other Deposits, the constituents of the valley-fill

material have been discussed on the basis of the processes involved

in their deposition. The relationships that exist between glacial,

fluvioglacial and periglacial deposits in the Tweed and King&edoors

Valleys, provide evidence whereby an understanding of the processes

involved in the deglaoiation of the area can be obtained.
The character of the valley-fill material has already been

described in detail. The fluvioglacial deposits have been laid down

on/
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on top of a basal till. These deposits were subsequently cut

into by meltwater streams and by the River Tweed and its tributaries.

Where the surface of the valley-fill has not been eroded by river

action, it is hummocky and has a general slope towards the centre

of the valley and also down valley. The mounds that in some plaoes

form the surface of the valley-fill, frequently have their long

axes orientated at right angles to the present streams.

On the right side of the Tweed Valley, between the mouth of

the Flngland and Fruid Waters, the valley-fill has a wide, gently

sloping (downstream and across the valley) surface that has old

deserted channels on it. In several plaoes there is not just one

simple scarp cut into the valley-fill, instead there is a series

of terraces which represent old meander swings (Fig. 25). Terraces

with well developed flat surfaces are of limited extent in the

Tweed Valley. They are best developed near Tweedsmuir between the

junctions of the Fruid and Talla Waters with the Tweed (Ph. 49).

Rock is exposed in the present stream bed in several places and

there are some 'rock protected1 terrace remnants. There are no

examples of flights of terraces related to a morainfeoso the signifi¬

cance of terrace development to the deglaciation of Area I is small.

Exp. 24 (Fig. 18), is a very extensive section cut in the

valley-fill material by the River Tweed. The details of the

exposure are obscured by slumping. Of 100 specimens collected

from this exposure, all were of Silurian rooks ; 86 greywackes

and grits and 14 shales. They were rounded and subangular in

form/



-105-

form and mostly about 2 Inches across. There were also some

angular fragments and the presence of rounded and angular fragments

in the same section suggests that there is either till or gravel

in the same exposure or that the material is a till, re-worked by

water.

Between Fingland and Talla, the Tweed Valley has a large

amount of valley-fill material. Exposures indicate that at least

the upper layers were water-laid.

The genesis of the valley-fill material that occurs in the

Tweed Valley is not easy to reconstruct. The till to be found

above the rock head throughout the valley is presumably the basal

till or ground moraine of the last ice to occupy the area. The

fluvioglacial deposits that rest on top of the till could have

been laid down in front of the ice, on the Ice or beneath the ice.

The existence of meltwater channels at 1750 feet gives a

minimum altitude for the ice sheet that covered Area I. Evidence

has already been presented which suggests that the movement of

ice within the Tweed basin was related to a source to the south¬

west or west. This implies that when the ice surface downwasted

to about 1500 feet, the altitude of the lowest col in the rim of the

upper Tweed basin, the ice would have been cut off from its source

and movement of ice would probably cease within the Tweed basin.

The altitude at which ice would cease to move over the cols into

the Tweed basin would presumably be considerably greater than the

height of the lowest col. The hi$iest meltwater channels oannot

be/
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be used as indicators of the altitude of the ice surface at a given

time as it is not proven that they are marginal channels.

It is probable that the ice sheet within the upper Tweed basin

became stagnant wheh its surface reached an altitude a little above

1300 feet. The ridges and spurs emerged above the ice surface,

the ice remaining longest in the valleys. With downwastlng

playing such an important part it is unlikely that any significant

amount of fluvioglacial deposition took place proglacially. There

is no evidence that there was an active, yet retreating, ice front

which resulted in moraines and outwash terraces being formed in the

Tweed Valley. The depositional forms resulting from the dissip¬

ation of the ice sheet and those resulting from the retreat of

the valley glaciers that descended some of the valleys, In the

south-east of Area I, at a later stage, are very different.

If the fluvioglacial deposits were laid down on the surface

of the stagnant ice and later deposited on the valley floor when

the ice finally melted, the deposits should have certain character¬

istics. Kame and kettle toppgraphy would have developed and

small lakes would have occurred between the remnant ice masses

permitting sorting and stratification of some of the fluvioglacial

deposits. Not a single kettle has been found in the Tweed Valley

and the fluvioglacial deposits described above are characterized

by their lack of sorting and stratification.

There is substantial evidence which indicates that fluvio¬

glacial deposition took place beneath the ice. The subglacial

origin/
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origin of many of the channels on the left side of the Tweed Valley

has already been suggested. If the meltwaters that cut the

channels were flowing beneath the ice there is no reason why those

seme waters should not have deposited the material eroded from the

spurs, when their gradients lessened, as they neared the valley

floor. The hypothesis of subglacial deposition has "been accepted

for eskers and some kames and Guessing (I960, p. 443) states that

in certain areas in east-central-southern Sweden, the most

intense terrain-forming activity (both erosional and depositional)

took place in subglacial environments".

In three instances the fluvioglacial deposits have been cut

into by meltwater channels: 17 (Pig. 18), J32 (Pig. 19)and
P6-0 (Fig. 20). It is suggested that the deposits were laid down

beneath the ice and then dissected by meltwaters after the ice

surface had been further lowered by downwastage.

It is interesting to note that there is no evidence of fluvio¬

glacial deposition associated with the most southerly group of

meltwater channels, i.e. on spurs A, B and C (Pig. 17). The

most extensive spread of fluvioglacial gravels is associated with

the group of channels on spurs F, G and I (Pig. 18), tongues of

gravel spreading up the valleys between the spurs. The fact that

at least the northern ends of the channels on spurs P and G are of

subglacial origin suggests that the meltwaters descended the

northern sides of the two spurs, utilising parts of the valleys

now occupied by the South Hallow Burn and Kig Burn to flow betieath

the/
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the ice, where the fluvioglacial sands and gravels were deposited.

The .positive evidence of subglacial deposition in the Tweed

Valley is not strong but the lack of evidence to support the pro-

glacial or supraglacial hypothesis lends greater strength to the

suggestion that much of the fluvioglacial deposition occurred in

a subglacial environment.

11• Conclusions.

1) Evidence provided by the distribution of till and glacially

modified land forms indicates that ice covered Area I to an altitude

of at least ?300 feet. The occurrence of meltwater channels at

1750, 1600 and 1500 feet in different parts of the area give definite

minimum altitudes for the ice surface in the vicinity of these

channels.

2) The centre of the ice sheet which covered Area I was outside

the upper Tweed basin,

3) When the ice sheet downwasted to an altitude something in

excess of 1300 feet, the height of the lowest col in the rim of the

upper Tweed basin, the ice within the Tweed basin became stagnant

as it was cut off from its source of supply.

4; Meltwater erosion and deposition was concentrated in the Tweed

and KlnJLedoors Valleys, The absence of meltwater channels and

fluvioglacial deposits in other parts of the area may be explained by

a lack of suitable topographic conditions, the concentfrition of
meltwaters beneath the ice along the line of the present streams or

a continued movement of the ice resulting from the steeper gradients

of/
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of the tributary valleys compared with those of the Tweed and

Kingledoors Valleys.

5) In the Tweed and Kingledoors Valleys, simple marginal channels

are uncommon# Most of the channels were cut by subglacial streams,

or by 3upraglacial or englaclal streams that were superimposed on

the underlying topography as the ice surface downwasted. There is

no evidence to suggest that any of the channels were the result of

overflows from ice-dammed lakes.

6) The valley-fill material consists of 10-20 feet (possibly 40

feet in the Fruid Valley) of fluvioglaclal deposits overlying a basal

till. It is suggested that much of the fluvioglacial deposition

took place in a subglacial environment.

7) After the dissipation of the ice sheet there was a return to

colder conditions and local valley glaciers were established in

the high ground that forms the south-eastern rim of the upper Tweed

basin. These glaciers descended the Fruld, Gameshope, Talla,

Polmood and Manor Valleys to about 1100 feet. The limits of these

valley glaciers are indicated by well developed morainic mounds.
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CHAPTER Y

AREA II

1. Introduction*

This area may be described as the"transitional area between

I and III because features of fl;ivioglacial erosion and deposition

typical of these two areas occur in it. The relief forms so

characteristic of the major part of Area I continue northwards into

Area II until the Tweed Valley is reached. To the north and wost

of the Riber Tweed the ridge and valley topography becomes less

dominant. The western limit of Area II was drawn so as not to

Include any part of the Clyde drainage system.

2. Relief•

The valleys of the River Tweed and Biggar Water divide Area II

into two parts (Pig. ?6). To the south of these valleys, long,

rounded spurs and ridges, separated by deep, steep-sided valleys,

descend from the high ground that surrounds the upper Tweed basin

(Ph. 50). The largest of these valleys is that of the Tweed which,

to the south of Rachen has steep slopes, 500 to 700 feet high, and

a flood plain a quarter of a mile wide.

Between the Tweed and Manor Valleys a long ridge of high

ground extends northwards from Dollar Law. Prom this ridge spurs

extend to the north-west end north-east to the Tweed and Manor

Valleys respectively. Wear the head of the Manor (Ph. 50)Vall©y

there/
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there is a continuous slope from the summit of Dollar Law (2681 feet)

to the valley floor (1000 feet). She spurs that descend from

Horse Hope Hill and Glenrath Hill on the right side of the valley

have had their ends cut off thus providing a series of straight

steep slopes. To the north of Wood Hill, the Manor Valley has a

wide (t mile) flat floor. At Cademuir the valley befhrcates, one

branch followed by the Manor Water passing to the west of Cademuir

Hill (0), the other to the south-east, becoming the Crookstane Valley.

To the north of the River Tweed and the Biggar Water, relief

generally becomes less pronounced from soitth to north. The

Broughton Heights (Eh. 51) with their radiating ridges and valleys

centred on Whether Law (1873 feet), have relief similar to that

found in the south of Area II. The smooth, rounded, long ridges

of high ground are separated by deep valleys containing small

streams (Ph. 52).

To the east of the lyne Valley the relief is less pronounced,

only Hamildean Hill, Black MeMon and White Meldon exceeding

1250 feet. The area between the Lyne Valley and the Eddleston

Valley is a distinctive part of Area II in that it has lower

maximum altitudes and has been less deeply dissected. Slopes are

shorter and less steep. However, to the east of the Eddleston

Valley the ground rises towards the ridge that forms the divide

between the streams that flow to the Leithen Water and those that

flow to the Eddleston Water or the River Tweed. The rounded spurs

with/
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wlth steep slopes that descend from the ridge (1600-1900 feet) and

the valleys between them are very similar to the forms described

in the Broughton Heights and in the south of Area II.

To the west of Prumelzler where the River Tweed begins to

change its general course from south to north to south-west to north¬

east, there is a major gap through the hills that would otherwise

have formed the western rim of the upper Tweed basin (Hi. 53).

Through this gap flows the canalised Biggar Water, a stream whose

smallness in relation to the size of the valley in which it occurs,

is very noticeable. The Biggar Gap has a flat floor & to & mile

wide.

The Tweed Valley in Area II generally has a wide flood plain

on which the River Tweed meanders. from the southern limit of

Area II to Rachen the flood plain is bounded by very steep sides

but north of Raohen the valley is more open and the sides are not

so steep. Below manor Bridge the Tweed enters the Neidpath Gorge,

which is out through 150 feet of solid rock* Below the gogge the

Tweed Valley opens out and the river meanders, sometimes undercutting

some of the spurs that descend from the higher ground.

3. ,Geology

Area II consists of folded Ordovician shales and Silurian

greywackes and shales (fig. 27). The .junction between the rooks

of Ordovician and those of Silurian age is followed by the Tweed

Valley between hrumelzier and lyne Bridge. South-east of the

junction there is a large area of Silurian greywackes and shales,
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into which some felsltes, quartz-porphyry, acid porphyrlte and

granite were Intruded, during Old Red Sandstone times. The

intrusions have limited outcrops but they are important as a source

of erratics, as will be shown later.

In the extreme north-west of Area II the western limit of the

Ordovician rocks is marked by the Southern Uplands boundary fault,

to the west of which Old Red Sandstone sediments, lavas and ashes

occur. Both in the Silurian and Ordovician rooks, the main

structural features, including the boundary fault, parallel the

north-east to south-west trend of the G&ledonide structures.

Till plasters the lower slopes throughout the area. It is

unusual for till to be found at altitudes higher than 1100 feet

except in the southern part of the Manor Valley. There are no

morainle mounds or ridges in Area II, apart from those already

described at the head of the Manor Valley (See Area I). The till

is the basal unit of the Quaternary deposits upon which fluvioglacial

sands and gravels were sometimes laid down.

Along the whole length of the Tweed Valley, in Area II, fluvio-

glacial sands and gravels were deposited. They are most extensive

around Drumelzier, Stobo and Hallyna. Other fluvioglacial deposits

occur in the Lyne, MeIdon and Manor Valleys. The morphological

character of these deposits varies considerably. In some instances

they form a bank of sand and gravel against the valley side, the upper

surface of the bank being undulating. Around the junction of the

Lyne and the Tweed there are flat-topped masses, whereas around

East/
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East Happrew there are distinct mounds.

4. Literature

Little has been written about the glacial geomorphology of

that part of Peeblesshire included in Area II. A Geikie (1363)

made certain comments about the direction of Ice movement in the

Tweed Valley based on observations of striae at Dreva. The ice

moved from the mountains of Culter Fell and Cardon, towards the

north-east. Ke also referred to some of the meltwater channels.

Describing those near Drurcelzier (Fig. 29, ML and D2) and those

at Manor Head (Fig. 13» N12 and 3)» he wrote (p. 28), "These

streamless defiles .seem as if they had been formed when the

lateral glens were dammed, up so as to form lakes, and the pent-up

waters escaped by cutting out channels for themselves by which

they escaped into the main river".

The officers of the Geological Survey writing in the Memoir

for Sheet 24 (1869) also referred to the channels and suggested

(p. 18), that " they should be referred to a time when the

drainage of the district was greatly modified by large accumulation

of snow and ice". The till of the area is also described as

generally being of a brownish colour and charged with fragments

of local rocks. "It forma sloping shelves or terraces (more or

less denuded by the streams in nearly every valley throughout

these uplands). "

Geikie later described the section made available during the

cutting/
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cutting of the Neldpath tunnel, west of Peebles % a considerable

thickness of sand and grqvel and "gutta percha" clays was found

enclosed In stiff boulder clay in such a way as to show that

these stratified beds had formerly extended for some distance, but

had subsequently been cut down by the glacier ice which deposited

the boulder clay upon them. Indeed, at the time these fine beds

of silt and gravel were being accumulated, the River Tweed seems

to have formed a lake or reach of quiet water here, from which the

river flowed, not along its present course, but south along the

valley of the Manor and then north-east along the broad hollow

of Oademuir by Bonnlngton" (p. 23).

Writing in "The Great Ice age" (1394) J. Geikie described and

commented on the "gutta peroha* clays of Neldpath. He too

concluded that they were deposited in a lake and that the Tweed

flowed to the south-east of Cadexnuir Hill (0), before the last

general mer de glace and that the Neidpath Gorge was cut after

the final disappearance of the Ice-sheet. The deposits at Neidpath

have also been discussed, by Eckford and Hanson (1921).

In a disoussion by E.B. Bailey and R.J.A. Bckford (1956),

on the origin of the fluvioglacial sands and gravels that occur

in the Eddieston,,Meldon, Manor, and lyne Valleys and in the Tweed

Valley near Stobo the deposits are described as a "gravel morainen

which was related to an ice front that extended from one mile

south of Eddleston, through the keldon Valley, across the lyne

to the Stobo reach of the Tweed Valley. The authors suggest that

some/
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some of the slopes along this ice front would have caused ice

falls and they admit that (p. 260)* such an ice front is

scarcely what one would expect from examination of a contoured

map". Later work by Sissons on the Eddleston Valley (1953b)

and the conclusions presented in this thesis denies the possibility

of the existence of an ice front in the jjosition suggested by

Bailey and Bckford,

The recent work on the glacial geomorphology of the Eddleston

Valley by J.B. Sissons (1953b) is dealt with more fully in Ghapter

III but there are some points of particular relevance to Area II.

Sisson-s described the featurds of fluvioglaclal erosion and

deposition associated with the downwastlng of a stagnant ice mass

in the Bddleston Valley. He stated that ice covered the region

to a minimum altitude of 1500 feet (the altitude of the highest

channel). The deoay of this ice resulted in extensive fluvio-

glacial erosion and deposition. Sissons concluded that the ice

surface in the Bddleston Valley sloped towards the north-east and

that the ice had originated in the Southern Uplands to the south¬

west. Therefore, as thinning of the ice progressed during the

deglaciation, the ice in the valley became increasingly cut off

from its source of supply and became stagnant. Extensive englacial

and subglacial drainage developed the latter resulting in the outting

of meltwater channels on the sides of the Eddleston Valley. These

channels indicate that there was a dominant flow of meltwaters

towards the north and east.
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The hypotheses put forward by Bailey and Eckford and by

Sissons to explain the fluvioglaoial deposits of the Eddleston

Valley cannot be reconciled. Bailey and Eckford believed the

deposits were related to the retreat of Highland ice towards the

north-west whereas Bissons suggested that they are related to the

downwastage of Southern Upland Ice. It will be seen later that

this thesis is in agreement with Sissons1 hypothesis.

5* Glacial Erosion and the Direction of Ice Movement.

Meltwater channels show that the ice surface had a minimum

altitude of 1600 feet in the northern part of Area I (Chapter IV)

and 1500 feet in the Eddleston Valley (Sissons 1958b). Since these

areas lie on either side of Area II it may be assumed that the ice

surface in this area had a minimum altitude of 1500 feet. In fact,

evidence will be presented later which indicates that the ice sur¬

face reached at least 1750 at the head of the Manor Valley in the

extreme south of this area.

The evidence of glacial erosion in Area II is not very great.

Apart from over-steepened spur ends in the Tweed, Biggar and Manor

Valleys there are no land forms that can be said to have primarily

originated from glacial erosion. The steep sides of the Tweed

Valley above Rachen (Rig. 28), and the shom-off spurs at

Drumelzier (Pig. 29), are the only evidence of strong ice erosion

in the Tweed Valley. One of the most markedly over-steepened spuns

Is that of Ratchell Hill on the north side of the Biggar Gap (Pig. 26

and Ph. 51).

The/
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The Manor Valley provides the best evidence of glacial

erosion in Area II (Ph. 54). It has several straight sections

resulting from the erosion of spur ends by ice e.g. Posso Craig

and spurs of' Horse Hope Hill and Glenrath Hill. Wood Hill (Fig. 33

K) could be regarded as a crag and tail with its .steep southern

face directed up the Manor Valley towards the source of the ice.

There are two recorded observations of striae in Area II.

Geikie (1363) described striae near Dreva (Fig. 29) and on Sheet

24 (Geol. Surv.), striae are recorded near the River Tweed, 1 mile

west of Peebles. These striae indicate that the ice in the basil

layers of the ice sheet moved down the major valleys.

South of the Tweed-Biggar Water line, there is little doubt

that the ice moved from south to north. Whether or not the

semicircular volley heads so well illustrated by Manor Head

(Fig. 55), Glenrathope and Hopecarton Head were the source areas

of the ice sheet that moved northwards is unknown. Since it was

determined from work in Area I that the source of the ice sheet

that covered the upper Tweed basin was outside the rim of the

basin, the movement of ice in Area II presumably was also related

to an external source. The part played by the semicircular

valley heads in the establishment of the ice sheet is unknown

but they certainly did not function as the source of cirque

glaciers (except Manor Head) at a late stage. Apart from those

at Manor Head there are no morainic mounds, in Area II, similar

to/
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to those found tn the valley heads In the south-east of Area I.

If the movement within the ice sheet was generally from

south to north then ice must have moved up valleys that now con¬

tain southward flowing streams. Deposits and meltwater features

in the valleys of the Broughton Burn, Sleldon Burn and Bddleston

Water indicate that they were occupied by ice that moved from

south to north.

The part played by the Broughton Heights is difficult to

understand. They stood as a mass of high ground (1600-1300 feet)

in the path of the ice, that came from the south. There is no

evidence to suggest that the Broaghton Heights nourished any local

glaciers. The movement of the ice through the Heights resulted

in the establishment of several through cols that are about 250

feet deep.

The picture that emerges is that an ice sheet covered the area

to a minimum general altitude of 1500 feet. The maximum altitude

of the ice surface is unknown but it is thought to be considerably

greater than 1500 feet. At least the lower levels of the ice

sheet moved along the lines of the present valleys, but the

general direction of movement of the ice sheet was from south to

north.

6. Glacial Deposition

Deposition by the ice sheet that covered Area II was limited

to a plastering of the lower slopes by till (generally up to 1100

feet with tongues reaching 1700 feet). In every drift exposure

examined/
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examined, till formed the basal unit upon which fluvioglacial

deposition sometimes took place.

Exposures throughout Area II (e.g. Elg. 34, Exp. 10; Pig. 36,

Exp. 14i Pig. 41, Exp. 26) indicate that the till consists of

angular and subangular fragments of varying sizes in a clayey,

sometimes gritty, matrix. It is usually a compact deposit capable

of forming bluffs of 10 to 20 feet when undercut by streams.

Examination of exposures in the till, in different parts of the

area, indicated that most of the material incorporated was of local

origin. A count of fragments in Exp. 14 (Fig. 36) revealed 95$

greywackes and grits and 5$ felsites. Exp. 26 (Fig. 41 revealed

96% greywackes and shales and 4$ felsites.

Since the till of Area II consists primarily of one rock type

it was necessary to eliminate the possibility that the valley-fill

deposits, other than fluvioglacial sands and gravels, were the

products of mass wastage and mass movement rather than of glacial

deposition. The form of the valley-fill deposits in the upper

Manor Valley and the Brought on Burn Valley is a sloping bench

which descends from the valley sides towards the present stream.

If these deposits were the result of ma3S wastage and mass move¬

ment, the orientation of the fragments would probably be down-

slope, i.e. at right angles to the valley axis. If the deposits

were of a glacial origin the long axis of the fragments would be

parallel to the valley axis, assuming that the Ice moved along the

valley.

V
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A study of the prientation of fragments in Exp. 10 (Pig. 34)

and Exp. 26 (Pig. 41) was made. These two exposures have been out

by the Manor Water and the Broughton Burn respectively, in masses

of valley fill that slope towards the present streams. It can

be seen from the rose diagrams (Pig. 42a), constructed from readings

taken at Exp. 10, that the long axes of the majority of the fragments

were aligned south-east to north-west and therefore any possibility

that they were the result of mass movement down the slope, can be

excluded. It is suggested, therefore, that Exp. 10 is in till

deposited by ice moving down the Manor Valley.

A similar study of the deposits in Exp. 26 (Pig. 41) was less

conclusive. The rose diagram (Pig. 42b), indicated a dominant

west-east to south-west north-east orientation in the axis of the

fragments and this suggests that the deposits could have resulted

from movement down the slope. However, the presence of felsltes

in the deposit and the absence of any outcrops of felsite in the

vicinity indicated that the deposit was a till. The orientation

of the fragments probably resulted from movement of the till down

the slope after deposition.

One other stone-orientation study was made at Manor Bridge

(Pig, 36, Exp. 14). A clean exposure of angular and subangular

fragments in a clayey matrix revealed a dominant north-west to

south-east orientation of the fragments (Pig. 42c). A little

to the west of the exposure the Tweed Yalley is aligned north-west

to south-east and, therefore, it seems probable that the deposit

examined/
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examined was laid, down "by ice moving down the Tweed Valley.

The conclusions presented above from studies made of the

orientation of fragments in the till have limited significance. 3ince

natural exposures were used it is not possible to exclude the possibil¬

ity of slumping. Only SO observations were made at each exposure and

a larger sample may have modified the results.

Summary. The basal unit of the Quaternary deposits of Area II is a

glacial till, which- plasters the lower slopes and fills the valley

bottoms throughout the area. There are no morainic mounds (apart from

Manor Head) in Area II, that are comparable to those forms described

at the valley heads in the south-east of Area I. There are no

morainic ridges across the Tweed Valley.

7* Fluvloglaclal Erosion

The presence of 160 meltwater channels in Area II provides

evidence on which to base an interpretation of the deglaciation of

the area. Although the forms are, in general, not so well-developed

as in Area I, their distribution and morphology are such that certain

problems relating to their origin, and the mode of dissipation of the

last Ice in this area can be explained.

The size of the meltwater channels in Area II varies considerably.

The largest channels are to be found on spurs A,D,E,F and L. A2 (Fig.

23) is approximately 100 feet deep, has a flat floor, 30-40 yards wide

and a top width of 230 yards* The floor of the channel rises through

75 feet from south to north and falls through 125 feet from its crest

northward. Channel D1 (Fig,29) is 80 feet deep with steep roch sides

and an irregular/
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irregular but generally sharp gradient towards the north-east.

The width of the channel is approximately 100 yards and it has a

V-shaped cross—profile. D2 is similar in form.

P10 (Fig. 30, Ph. 62) is another deep, V-shaped channel cut

in solid rock for a distance of 500 yards. The south-east-facing

wall of this channel is over 100 feet high. The long profile of

F10 is irregular and is in great contrast to the flat, peat-covered

floors of many of the channels described in Area I. Other large

V-shaped channels occur at the head of the Manor Valley (Fig. 13,

Nl, 2,3) •

Apart from the large channels just described most of the

others in Area II are V-shaped, 10-20 feet deep, 20-30 yards wide

and 100-200 yards long. Many of the forms mapped as meltwater

channels are quite small, sometimes only a few feet deep. That

they were out by meltwaters, and not by other agents, such as post¬

glacial streams, is shown by the relationships that exist between

groups of channels, between channels and deposits and between

channels and the slopes into which they have been out.

Between Rachen and Lyne Bridge, in the Tweed Valley (Fig.

26), the meltwater channels are concentrated on the spurs on the

left side of the valley. Other channels are located on the right

side of the upper Manor Valley (L,M,N) and the left side of the

lower Manor Valley (H,T), on Cademuir Hill (0) and on the ridges

of high ground that surround Area II to the north and east

(P,Q,R,B,T,U,G and V). There is a significant absence of

channels/
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channels on some spurs. There are no channels on the right

side of the Tweed Valley between hrumelzier and Lyne Bridge except

331 and B2.

Most of the channels in Area XI either out through the crest

of a spur or commence below the crest of and descend one side of

a spur (generally the north side). Other channels cut through

the crest of a spur and then descend the side of the spur so that

the distal part of the channel is at a lower altitude than the

part that cuts through the spur crest. On spurs A(Pig. 28),

D (Pig. 29), E, P (Pig. 30) and I (Fig. 32), channels cut through

the crests. On spurs C (Pig. 29)» 0 (Pig. 31), P» Q (Pig. 35),

and U (Pig. 37), channels start at or just below, the o^est of

the spurs and descend one side. Many of them stop suddenly

part way down the side of the spur (e.g. spur 0). There are

relatively few channels parallel or sub-parallel to the contours

of the slope into which they have been cut.

The jposition and form of the majority of the channels in

Area II indicate that they are not overflow ohannels related to

Ace-dammed lakes. There is no field evidence in the form of

lake deposits, shorelines or deltas to suggest the former exist¬

ence of lakes. The evidence that was presented to support the

suggestion that the channels were cut by meltwaters flowing in

channels in, under, or at the margin of the ice, rather than by

over flows from ice-da^iaed lakes, is the same in this area as the

evidence presented for Area I (p.8l)«
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i* Marginal and submarglnal Channels
It has already been stated v/ith reference to Area I, that

It is not possible to prove that any meltwater channel was

associated with the ice margin, where the margin came into

contact with the land surface, during its formation. ' "$here

are several narrow benches parallel to the contours in Area II,

e.g. Pigs. 30, F6, F7j Fig. 32, 110, 11. They could halffe been

cut at or beneath the margin of the ice.

Towards the head of the Manor Valley, on spur N (Fig. 13),

there are two deep V-shaped channels that run obliquely down the

slope (Hi. 56-60). N1 commences just above 1700 feet to descend to

1500 feet in a distance of 600 yards (average gradient of 11$).

It is a sinuous V-shaped channel, 50 feet deep, with an irregular

long-profile cut in solid rock. H2 is a similar form but it is

not so sinuous and has a tributary (N3) the floor of which is

well above that of $2. The gradients of this group of channels

are too steep for them to have been cut at the ice margin and

it is suggested that they are submarginal forms.

ii. Subglaelal Channels

The positions of the majority of the channels in Area II

suggest that they were of subglacial origin. On spurs C, F, I, 0,

P, Q and U, many channels begin on the spur crests and descend one

side of the spur. Channels C6, 7 and 8 (Fig. 29) begin at the

spur crests and descend for just ovet 100 feet before terminating

above/
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above the level of the present valley floor.

The best developed sequence of channels that descends one

side of a ridge or spur occurs on Cadercuir Hill (Fig. 31, 0).

Some 30 channels begin at or near the crest of this 2 mile long

ridge at the northern end of the Manor Valley. Most of them

are 10 to 20 feet deep and 20 to 40 yards wide, and have a constant

width and' depth throughout their length. Small exposures in the

solid rock forming this ridge indicate that the channels are not

cut parallel to the strike of the rocks.

Some of the channels begin on the south-eastern side of the

ridge and cut across the ridge crest before descending ..the north¬

west side (e.g. 0 3, 22, 34, 35, 31)* Others begin at or just

below the ridge crest and descend the north-western side of the

ridge (e.g. 0 4-12). 0 11, 12 and 27 descend over 150 feet.

None of the channels is continuous throughout the length of the

slope on which it oocurs and there is no common altitude at which

the channels terminate. The lowest channel on this ridge commences

just below the 800 foot contour while the highest one is at

1300 feet.

There is little doubt that all those channels that commence

on the crest of a ridge or spur, descend one side of that spur,

having a more or less constant width and depth throughout their

length and terminating before the base of the slope is reached,

were formed by subglacial meltwater streams. Waters flowing on

the ice surface or in tunnels within the ice, on passing over the

ridge/



-127-

ridge or spur then descended between the ice and the surface of

the ridge or spur, before re-entering the ice at a lower level.

Because the channels on ridge 0 do not continue down the full

length of the slope and are not continued at their lower ends by

fluvioglaclal deposits, the meltwaters must have become englacial.

It is significant that all the channels that descend one side

of a spur in Area II do so on the side that, in terms of the

direction of ice movement, was the lee side of the spur. Liter¬

ature was referred to when the relationship between subglacial

channels and weakness in the ice on the lee side of spurs, was

discussed in Area I (p. 91).

iii. Superimposed Channels
Some channels cut through the crests of spurs at right angles

to the line of the crest e.g. Pig. 29» Dl; Pig. 30, P4, 5, 10.

They are all of uniform width and gentle gradient throughout their

lengths and represent only part of the course of a meltwater stream.

Before coming into contact with the spur or ridge in fthich the

channel occurs the meltwater stream flowed on the surface or in

tunnels within the ice.

Channels A2, A3 (Pig. 28) El and F9 (Pig. 30) have distinct

up-down long-profiles and this suggests that they were cut by

streams flowing under hydrostatic pressure. El cuts right through

spur E and the general pattern of the meltwater channels in the

vicinity suggests that the water flowed from the south-west to the

north-/
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north-east, rising some 50 feet before descending, through a

similar height, on the north-east side. F9 Is an in-out channel

on the south-wast side of spur F. Its up-down long-profile has

a vertical amplitude of about 25 feet. Whether or not the melt-

waters that cut F9 turned north-eastwards to cut F10 Is unknown.

The four channels with up-down profiles that have been discussed

are all deep (50-100 feet) with V-shaped cross-profiles and must

have carried large volumes of meltwater. The Ice thickness must

have been considerable for large tunnels to have been developed

in which, due to hydrostatic pressure, meltwaters flowed up hill.

A possible sequence of events leading to the development of an up-

down channel could begin with the superimposition of a large englacial

stream on to the crest of a ridge or spur aligned at right angles

to the meltwater stream (Fig. 43)• If the meltwater stream cut

its channel vertically downwards in the ice faster than in the

rock forming the spur, the normal superimposed channel with its

constant width and gentle gradient would be superceded by a channel

with an up-down profile. This hypothesis does not suggest that

all the erosion necessary to cut the large channels with up-down

profiles was carried out by meltwaters flowing under hydrostatic

pressure. The major part of the channel was cut as the super-

imposition of the englacial stream proceeded and continued until

the meltwaters flowing in the ice tunnel were able to cut down

faster than the meltwaters flowing in the channel cut through the

spur./
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spur. The meltwater stream then had to flow up hill under

hydrostatic pressure if it was to continue along its course through

the spur*

Whether the channels that cut through spurs at right angles

to the line of the crest have up-down long-profiles or profiles that

grade in one direction, their uniform width from end to end and their

disposition in relation to the spur into which they are cut.

Indicate that they represent parts of the courses of meltwater

streams. They are superimposed meltwater channels resulting from

meltwater streams whose courses were mostly on or within the ice

coming into cohtact with a spur or ridge, and cutting into it, as

they progressively lowered their courses on or in the ice.

iv.

Channel N4 (Fig. 13) at the head of the Manor Valley at just

over 1700 feet, gives the minimum altitude for the surface of the

ice sheet in that part of Area II# Channels occur on spurs

P and a at 1400 feet and 1200 feet on spurs F, 0 and TJ. Sissons

(195815) states that in the E&dleston Valley the ice reached a

minimum altitude of 1500 feet (altitude of the highest raeltwater

channel)# The absence of proven ice marginal features in Area II

makes it impossible to discuss the slope or position of the ice

margin at any given time. However, ice is known to have covered

the area to at least 1700 feet in the south and 1500 feet in the

north/
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north and Ice movement was generally from south to north.

The general picture provided by the distribution of meltwater

channels in Area II is the movement of meltwaters from south to

north. This is to be expected for that part of Area IT south of a

line drawn through Lyne Bridge and .Peebles (Pig. 26) as the melt-

water channels are located on the spurs in the two major valleys.

However, the south to north movement was continued through the

Broughton Heights across spur G and on spurs S, T, TJ (Pig. 36 and

37), to the north of the Lyne Bridge to Peebles line. sissons'

(1958b) work on the upper Sddleston Valley also indicated that

meltwaters flowed from south to north during the first stage of

the development of the meltwater drainage system.

Channels on spur C indicate that meltwaters flowed through

the Biggar Gap from the north-west. The group of channels on

spurs P, Q, R also are distinct in that they indicate a movement

of meltwaters from west to east across the spurs in the Tweed

Valley.

The meltwater channels that have been mapped only Indicate

to a limited extent the courses followed by the meltwaters. The

channels on spur C (Pig. 29) must have been fed by meltwaters

flowing either on the surface of, or in, the ice occupying the

Biggar Gap. Cl-5 cut through the crest of the ridge but do not

descend the southern fsce of the spur. They must, therefore,

have continued their courses either on or in the ice occupying the

Tweed/
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Tweed Valley. C6-8 descend the southern face of the spur for

over 100 feet before continuing to flow within the ice.

The chronological relationship of the channels on spur C

and the large forms on spur D (Ph. 61) is unknown. Both systems

may have been functioning at the same time but the size of El and.

E2 suggest that they were carrying most of the meltwsters that

were moving down the Tweed Valley. The manner In which El and E2

cut through spur E, suggests that they were superimposed from a course

established on or in the ice. The position of these two channels,

on the right side of the valley, opposite the Biggar Gap may be

due to the deflection to the right side of the valley of meltwaters

moving down the Tweed Valley. Meltwaters entering the Tweed

Valley from the Biggar Gap also may have concentrated meltwater

erosion on spur D. No other meltwater channels occur on the

right side of the Tweed Valley between Rachen and Lyne Bridge

(Fig. 26) so the position of El and E2 is all the more significant.

The relationship of large and small channels on spur E and F

is of interest. El, E3> S4s F9 and F10 (Fig. 30) are the major

channels. F10 (Ph. 62) is larger than all the others and may

represent an early phase of the meltwater erosion, by a subglacial

stream before any of the others were cut. F10 pre-dates Fll

because the latter is cut into the side of the former. Fl-8 are

much smaller than F10 and may have been cut by streams flowing

on the ice surface, and being brought into contact with spur F

through/
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through the downwasting of the ioe surface.

The waters that out El at just over 1000 feet seem to have

flowed down the Easton Burn Valley cutting E3 and did not continue

north-eastward to cut any of the ohannels on spur F. E4 is a

well-developed channel, 10-20 feet deep and 60 yards wide, cut in

gravel. Thus it post-dates the deposition of these gravels.

In the Manor Valley there is very little evidence of contact

between the meltwater streams flowing on or in the ice and solid

rock until spur I (Fig. 32) is encountered. Some features were

developed on spurs N (Fig. 13), M (Fig. 34) and L (Fig. 32), but

on spur I (Fig. 32) a sequence of 14 channels and benches has

been mapped. Most of the channels are between 5 and 14 feet deep

and 15 to 25 yards wide (Fh. 63-65). All of them (1-12) cut

through the spur crest and descend the north side of the spur. It

is suggested that a series of meltwater streams were either flowing

on the surface of, or within, the ice and were superimposed on

the spur as they cut down during the wastage of the ice sheet.

Once the spur was encountered structural weaknesses in the ice on

the lee side of the sp ur were utilized and the meltwater streams

became subglacial, descending the north slope of the spur, for

25 to 90 feet, and then becoming englacial. The position of

spur I the crest of which has a low gradient, at right angles

to the axis of the Manor Valley and protruding across it, made it

available for erosion by meltwater streams flowing in or on the

ice occupying the valley.

Channels/



-133-

Channels H6, 7, 9, 10 and 11 (Fig. 31 and 30) ail begin

and end abruptly and indicate that the waters that cut them must

have flowed beneath the ice. H6 exhibits a form of particular

interest. It starts suddenly at about 1050 feet and has a semi¬

circular head that develops into a 12-15 feet deep, steep-sided

channel about 20 yards wide. Just below 1200 feet th© channel

bifurcates and where the parting takes place there is a large

depression about 30 feet deep. The channel, after bifurcating,

becomes confluent again as a 12-20 feet deep channel that is

deepest in its section of steepest gradient. The channel termin¬

ates a little above 1000 feet. It is suggested that the serai-

circular, sudden commencement of the channel represents the place

at which a meltwater stream plunged down a maulin in the ice,

came into contact with spur H, eroded channel 6 on the north

facing slope and developed a small waterfall, that is now repres¬

ented by the 30 foot depression just below the 1200 foot contour.

Just above the 1000 foot contour the meltwater stream became

englacial.

v. The Sequence of Events In the Establishment of the Meltwater

Drainage System.

The south to north flow of meltw&ters to the north of the

Lyne Bridge - Peebles line is indicated by the channels on spars

S, T and U (Fig. 26) and by the strong evidence presented by

Sissons (1958b) for the upper E-dfileston Valley. This drainage

system/
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system was fed by meltwaters flowing on and in the ice occupying

the Tweed and Manor Valleys. The lowest channels on spurs S, T

and U with a south to north gradient is at 950 feet. This means

that the melt-waters that cut most of the channels on Cademuir Hill

(0) could also have continued northwards across the Tweed Valley

to flow englacially up the Eddieston and Meldon Valleys. This

suggestion,is based on the fact that the majority of the subglacisl

channels on ridge 0 terminate above the 1000 feot contour.

Although there are no proven marginal channels on which to

base assumptions about the altitude or slope of the ice surface

at any given time, it does not seem unreasonable to suggest that,

since the meltwater channels indicate a definite south to north

drainage either on the ice surface, or within the ice, the ice

surface also had a south to north gradient at least until large

nunatlaks developed.

Slssons' (1958b) paper on the Eddleston Valley, provides a

great deal of evidence indicating that there was a south to north

drainage of meltwaters up the valley until such time as the col at

865 feet at the north end of the valley caased to function as an

outlet. Sissons suggests that englaeial and subglacial drainage

then developed towards the south, in and beneath the ice occupying

the Eddleston Valley, and moved into the Tweed Valley near Peebles.

The south to north meltwater drainage system north of the

Lyne Bridge - Peebles line ceased to function once the supraglacial

or englaeial streams cut their courses below an altitude of about

900/
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900 feet. Below Lyne Bridge a west to east component was then

introduced and meltwaters flowed in or beneath the ice occupying

the Tweed Valley, Only the lower channels (i,e, those below 900

feet) on spurs P and Q are related to meltwaters moving down the

Tweed Valley. The other channels on P end Q (Ph» 66, 67) were

formed subglacially by meltwaters flowing from within or off the

surface of ice occupying the Glensax Valley.

With the destruction of the south to north drainage system

throughout Area II the Tweed Valley below Lyne Bridge became the

major route of meltwaters moving down the valleys from the north,

the south and the west. These large volumes of meltwater may

have abandoned the old meander of the Tweed to the south-east of

Cademuir Hill (0) and out the Neidpath Gorge. It is therefore

not improbable that the gorge was initiated in a subglacial environ¬

ment and deepened as the volume of meltwaters increased.

Summary. Pluvioglacial erosion in Area II took place mainly In a

subglacial environment, inuring the early stages of the dissipation

of the ice sheet a south to north meltwater drainage system

developed. Parts of that system were superimposed on the under¬

lying relief. With further wastage of the ice and the develop¬

ment of larger nunataks the south to north drainage system was

destroyed and meltwaters flowed beneath the ice occupying the

main valleys.
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3. ffluvio/alacial Desalt ion

The evidence of meltwater erosion in Area II has been

presented above. The same meltwaters that cut the channels also

laid down deposits of sand and gravel. The Geological Survey's

Sheet 24 (Drift) shows the distribution of the fluvioglacial deposits

and the field work of the writer resulted in general agreement

with the mapping of the Survey Officers.

Fluvioglacial sands and gravels occur to the north and east

of Rachen Kill and continue on the right bank of the Tweed Valley

with only short breaks, to Manor Bridge (Fig. 26). More deposits

occur on the left bank of the Tweed between Dawyck and Lyne Bridge

Other sands and gravels occur in the Manor Valley, around Peebles

and in the Tweed Valley below Peebles. Most of these fluvioglacial

deposits form low mounds at the foot of the steeper rock slopes

of the valley sides.

Exp. 4 (Pig# 29) reveals the nature of the fluvioglacial

deposits of the Tweed Valley. From a sample of 100 specimens,

96 of the pebbles were of local material (greywackes and shales)

and 4 were felsites. The latter were subangular fragments 1 to

4 inches across but the pebbles of local rock were well-rounded and

ranged from 1 to 6 Inches across. The 15-foot face of this

exposure showed that the deposits were crudely stratified, some

strata being formed of sand and others of cobbles. The general

dip of the strata appeared to be towards the north-ea.st.

Exp./
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Exp. 5 (Fig. 30), is a small pit In a ridge of gravel

(Hi# 68). There is a wide range of fragment size and only very

pooi' sorting and stratification. In the 12-foot face lenses of

fine, and lenses of coarse material occur in isolation and the

stratification appears to have a dune, anti-dune, arrangement at

right angles to the axis of the ridge. The fragments range from

subangular to well-rounded and are formed primarily of greywackes

and shales with a few felsites.

There are no other good sections in fluvioglaclal deposits

in Area II. Exps. 3 (Fig. 2S), 15 (Figs. 33), 19, 21, 22 (Fig. 39)

and 25 (Fig. 41) contain well-rounded fragments but none of these

exposures is large enough to provide information about stratific¬

ation or sorting. Most of the areas of fluvloglaoial gravels

in Area II were mapped on the basis of their distinctive morphology

and with supporting evidence of small exposures.

Between Rachen Hill and Dreva Craig (Fig. 29), where the

Blggar Gap joins the Tweed Valley there are extensive deposits

of fluvioglaclal sands and gravels (The Merlindale deposits).

They are banked up against the north-east side of Rachen Kill to

an altitude of about 680 feet. The karae and kettle near 3xp. 3

seem to be original deposltional forms but the flat-topped, steep-

sided masses to the east, the tops of which are all between 640

and 675 feet (aneroid readings), seem to be the result of erosion

by waters that flowed from the Bigger Gap to join the Tweed. The

fact/
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fact that the fluvioglactal deposits stand up above flat areas

of alluvium, supports the hypothesis that their present form is the

result of river erosion rather than fluvioglacial deposition.

There are no sinuosities in the steep slopes that border the

gravel masses and for this reason it is thought that they are not

ice-contact slopes. The discrepancy of 35 feet in the altitudes

of various parts of these deposits also suggests that they were

not deposited in a small marginal lake but were related to the

subglacial chutes on Breva Craig (Spur C). It seems probable

that the meltwaters flowing in tunnels within the Ice occupying

the Bigger Gap, cut channels C6, 7 and 8 when they came Into

contact with the spur that extends a considerable distance across

the valley. On descending the south-east side of spur C beneath

the ice the gradient of the meltwater streams slackened at just

below 700 feet and they began to deposit the fluvioglacial sedi¬

ments that now occur between Dreva and Rachen. Aneroid readings

taken on these deposits show that the remnants of their upper

surface stand at between 640 and 675 feet and therefore it is

suggested that the lower limit of erosion on spur C of approxi¬

mately 630 feet and the lipper limit of deposition to the south

of that spur, are related. This implies a subglacial origin for

the Merlindale deposits.

On the right bank of the Tweed Valley, extending from the

southern limit of Area II northwards past Drumelzier, there is a

mass/
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mass of fluvioglacial deposits with an irregular surface between

650 and 700 feet and which slopes towards the axis of the valley.

Exp. 2 (Pig. 23), at the southern end of the mass of deposits

revealed well-rounded cobbles 1-3 inches across with some large

fragments up to 12 inches across, in a sandy matrix. There was no

evidence of stratification. The steep slope that limits the

fluvioglacial deposits on the flood plain has been cut by the

River Tweed and presumably the fluvioglacial deposits at one time

were much more extensive. The lack; of any good exposures or

of any well-developed forms in the fluvioglacial deposits that

occur on the right bank of the Tweed Valley from the southern

edge of Area II to Lyne Bridge makes an interpretation of their

origins very difficult.

On the left bank of the Tweed in the vicinity of Stobo

village (Pig. 30) there are some Interesting forms and relation¬

ships. The gravel spread becomes wider to the north of the

Weston Burn and has been cut into by channels E'3 and E4. At

the foot of spur P the deposits have a hummocky surface and'

extend from an altitude of about 700 feet down to about 600 feet,

where there is a steep-faced scarp of about 25 feet. On the

hummocky surface above the scarp there is a distinct ridge of

fluvioglacial deposits that follows a general south-west to

north-east trend for a distance of 1000 yards. This ridge is

broken in two places and its crest line, throughout its length,

is/
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1s irregular♦ The form, disposition and composition of this

ridge leave little doubt that it is an esker (Ph.. 68, 69).

A study of the orientation and dip of the pebbles in Exp. 5

was made in. the hope that it would be possible to determine the

direction of flow of the meltwaters that deposited the ridge of

gravel. It can be seen from the rose-diagrara (Pig. 4 2d 5 that the

long axis of a large percentage of the pebbles is at right angles

to the long axis of the esker. There is no doubt that this

deposit was water-laid but the bedding is so irregular that there i

no constant dip of the pebbles, so the measurements taken of the

direction and amount of dip were unhelpful. However, the impress¬

ion provided by the exposure was that the irregular stratification

had a general dip towards the north-east indicating that water

flowed from the south-west to the north-east as would be expected

from the distribution of other meltwater erosional and depositions

features in the area. A part of Exp. 5 is at right angles to the

axis of the gravel ridge and it indicates an anticlinal structure.

This suggests that the ridge of gravel was deposited between walls

of ice or possibly in a tunnel under the ice, although the latter

condition cannot be proved owing to the absence of any till on toj

of the esker.

It is significant that the esker is standing on a gravel

spread, therefore, it was formed after the deposition of the grav

spread. It is most unlikely that such a form would have survive

If it was constructed before the deposition of the gravel spread.

&ince the esker was deposited either between walls of ice or bene

Ice/
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ice, it follows that the fluvioglacial deposits upon which the

esker stands were laid down in a subglacial environment.

There appears to be a relationship between the distribution of

fluvioglacial deposits and the mouths of the valleys of the Easton

and Weston Burns. The Saston Burn Valley has steep sides and a

flat floor on which the present small streams meanders. Since

channels El and 2 join the Weston Burn Valley it is suggested that

the part of the valley designated E3 was cut by meltwaters. The

valley of the Weston Burn is difficult to comment on because the

burn has been dammed and this valley has been made into a flower

garden for Stobo Castle and it is not possible to decide with cer¬

tainty whether or not the valley was utilized by meltwaters.

In the vicinity of Stobo, then, there is an esker standing on

a gravel spread and two meltwater channels E3 and E4 that cut through

fluvioglacial deposits. Fluvioglacial deposits also extend up the

Easton Burn Valley whldh is joined by a large subglacial meltwater

channel (El). It is suggested that large volumes of meltwater

descended the Easton and possibly Weston Bum Valleys, beneath the

ice, and on slowing down due to a lower gradient, deposited large

amounts of sand and gravel beneath the ice.

Near the confluence of the Lyne Water and River Tweed (Fig. 39)

and extending back up both valleys, there is a considerable thick¬

ness (approximately 70 feet) of fluvioglacial deposits. North of

East Happrew these deposits form a series of steep-sided mounds and

ridges standing some 15 to 20 feet above the general level of the

gravel spread. Between the mounds and ridges are water cut

channels./
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channels. To the east of channel 015 there 13 a steep-aided,

flat-topped mass of gravel (Ph. 70). There are two small, 6-10

feet deep depression in the surface of this taass hut apart from

these the surface ia flat and stands at an elevation of 650 feet.

The Lyne Valley above Hallyne, contains large amounts of

fluvioglacial deposits on either side of the river giving a "Valley

in valley" cross-profile owing to dissection. The present course

of the Lyne is between 100 feet high bluffs of sand and gravel,

except at Five Mile Bridge where solid rock is exposed in the valley

side (Exp. 20, Fig. 39). The upper limit of the gravel in the

Lyne Valley is not constant, but is often about 750 feet. Only

at Exp. 19 are fluvioglaclsl deposits proven abcve 800 feet.

Apart from the flat area occupied by the Roman Camp the fluvio-

glacial deposits of the Lyne Valley have a moundy surface that on

both sides of the valley slopes towards the centre of, and down,

the Lyne Valley. The absence of any extensive exposures in these

fluvioglacial deposits again limits any interpretation of their

origin. The deposits seem to be related to the movement of melt-

waters down, the left side of the Tweed Valley, through spur §

via channel GKLO, as well as down the Lyne Valley. The lack of

coincidence in surface levels in the deposits (Sherrif Muir 630

feet, the mounds to the north of East Happrew 625-675 feet and

Roman Camp flat 700 feet) suggests that the upper surface of the

fluvioglacial deposits, represented by these remnants, was not a

level of aggradation determined by a water table either in the

ice, or by an ice-daimed lake. neither is there any evidence

in Area II to suggest that a valley glacier retreated up the

Tweed/
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Tweed or Lyne Valleys, In front of which great massee of fluvioglacial

deposits were laid down at various stages of the retreat of the ice

front. There is no evidence suggesting that these deposits were

let down from a mass of stagnant ice, as kettles and ice-contact

forms are generally absent,

Evidence lias already "been presented, for a part of Area X, and

for the fluvioglael&l deposits around Stobo, that suggests extensive

deposition in a aubglacisl environment. Although the evidence for

subglacial deposition of the fluvioglacial deposits in the vicinity of

Hallyne is based on the absence of certain diagnostic features indic¬

ating other possible depositions! environments, the writer presents it

because it appears to be the only hypothesis that fits the available

evidence. However, to account for all the fluvioglacial deposits

around Hallyne by means of subglacial deposition seems unreasonable,

particularly when there are some flat-topped areas of aancl and gravel.

The early stage of flpvioglacial deposition probably took place beneath

the ice but the final dissipation of fch ice was probably accompanied

by fluvioglacial deposition around and on the final remnants of dead

ice. With the re-establishment of the Lyne Water and River Tweed as

the major drainage routes, the fluvioglacial deposits ware eroded#

Presumably the River Tweed and the Lyne Water must have flowed at a

level at least as high as the top of Sherrif Kuir before they cut down

to their present courses. It is possible that the flat-topped Sherrif

Muir was produced by erosion after the last ice had left the area.

The fluvioglacial deposits around Hallyne obviously have a

complex history. However, the writer believes that subglacial

deposition played an important part in their formation. It will

be/
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be seen in the next chapter that the Lyrie Valley acted as a

major meltwater channel draining the central lowland of Area III.

With the ice surface being lowered and a north-eastward escape

of meltwaters out of Area III being prevented, the meltwaters

were forced to follow a subglaeial route down the Lyne Valley and

it is suggested that at least a major part of the fluvloglacial

deposits around Hallyne were laid down by those meltwaters beneath

the ice.

The Meldon Valley (Figs. 38, 39) occupied by a stream that

flows southward to join the Tweed, must have had, at one stage dur

the deglaoiation, a northward sloping ice mass occupying it.

Evidence has already been presented to support the statement that

the ice sheet had a surface that sloped from south to north.

The present distribution of fluvioglacial deposits in the

Meldon Valley must be related to the south to north movement of

the meltwaters. Unfortunately there is no exposure that is

large enough to permit a study of the sedimentary structures in

these deposits so that the direction of flow of the meltwaters

could be determined. The deposits are banked primarily on

the west side of the valley betw een altitudes of 750 and 900 feet

The surface of these deposits slopes towards, and down the Meldon

Valley, and is formed of low mounds. In only one area do these

deposits have any significant forms. To the south of Bxp. 15

(Fig. 38) there is a depression surrounded by a distinct ridge

with/
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wlth a conical mound on the north side of the depression. Two

small channels enter the depression from the south. The forms

just described are typical of fluvioglaoial deposition in an

area of stagnant ice but the limited extent of these forms does

not aid in the interpretation of the conditions under which the

deposits occupying the southern part of the ifieldon Valley were

laid down. Slssons (1958b) has described the continuation of

these fluvioglacial deposits across the watershed into the

Kddieston Valley, He mapped the deposits as a karne terrace and

states that it and the meltwater channels near it show that

the ice occupying the Meldon and Mdleston Valleys prevented

meltwaters escaping to the Tweed Valley and deflected them

northward a*. Whether or not all the Meldon Valley deposits

were laid down at the margin of the ice on the west side of the

valley cannot be proved.

Summary Fluvioglacial deposits in Area II cover large areas

but with the exception of those that occur around Stobo and

Hallyne their morphology and composition provide only limited

evidence on which to base an interpretation of the conditions

under which they were laid down. The same meltwaters that cut

the channels higher up the slopes presumably deposited the sands

and gravels along the flanks of the main valleys. It has been

suggested, mainly due to the absence of positive evidence for

supraglaclal and proglacial deposition, that much of the fluvio¬

glacial/
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glacial deposition took place in a subglacial environment. Apart

from the deposits in the Meldon Valley it seems that fluvioglacial

deposition in Area III occurred after the destruction of the high

level, south to north meltwater drainage system. Meltwaters

moving down the Tweed and Lyne Valleys at a time when both those

valleys were occupied by ice, were responsible for the deposition

of large masses of sand and gravel.

9. Conclusions

1. The minimum altitude of the ice surface was 1750 feet in the

south and 1500 feet in the north.

2. The ice surface sloped from south to north.

3. During the early stages of wastage of the ice sheet meltwateBs

flowed from south to north. As the high ground north of the east-

west section of the Tweed Valley became ice free the south to north

drainage was gradually destroyed. Eventually even movement up the

Edaleston Valley on and within the ice became impossible and there

was a reversal in the direction of meltwater drainage. Subglacial

tunnels were developed in the Sddleston Valley and the meltwaters

escaped eastwards down the Tweed Valley.

4. Much of the fluvloglacial deposition took place beneath the ice.

5. There is no evidence of an ice front retreating back up the

Tweed Valley.
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QTHAPTSR VI

AREA III

1. Introduction

The limits of the Tweed drainage area extend beyond the

north-western edge of the Southern Uplands (Fig. 44). The

Lyne Water, a tributary of the Tweed, rises on the south-eastern

slopes of the Pentland Hills and follows © course transverse to

the main relief and structural trends before it Joins the Tweed

within the Southern Uplands. That part of the Tweed drainage

system formed by the Lyne Water and its tributaries covers an

area that contains land forms similar to those described in

Areas I and II but differs In that it also includes an extensive

area of low relief.

The Pentland Hills to the north-west, the Cloich Hills to

the south-east, and the Broughton Heights to the south, provide

a rim of high ground that clearly defines the limits of Area III.

The detailed looation of the boundary of this area in the south¬

west was determined by the consideration that if the boundary were

extended further south-west than the upper Medwin Valley, morpho¬

logical features resulting from the deglaciation of the Clyde

drainage area would have to be considered. The northern boundary

of the area was extended beyond the limit of the Tweed drainage

area, as defined by the ridge between the upper Lyne Water and

upper/
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upper North Esk, so as to indlude some very interesting melt-

water features that occur across the watershed. The Qounty

boundary of Peeblesshire was used as the north-eastern limit

of Area III.

2. Relief

Area III consists of a central lowland surrounded by the

Pentland Hills to the north-west and the Southern Uplands to the

south-east and south (Hi. 71, 72, 73). The central lowland is

an undulating area between 750 and 950 feet that is drained by

the Lyne Water and its tributaries. The low hills of Slyth

Muir (1016 feet) limit the lowland to the south-west of the

lyne Valley.

The south-eastern rim of higher ground rises to 1500 feet

in the uloich Hills and 1800 feet in the Broughton Heights. It

is formed of smooth, rounded spurs and ridges separated by deep

valleys. The rise from the central lowland to the rim of higher

ground is sharp. The south-eastern slopes of the Pentland Hills

included in Area III are also similar in form to large areas of

the eastern Southern Uplands. The main Pentland ridge (1250-

1800 feet) trends south-west to north-east but smooth rounded

spurs extend southwards and south-eastwards "t*ie ce?rtra3-
lowland.

3. Geology

Ordovician shales that have been intensely folded, and have

a/
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a dominant south-west to north-east strike, form the Southern

Uplands in Area III (Fig. 45). The central lowland occurs on

Old Red Sandstone and Carboniferous rocks. The northern part of

the Pentland Hills within the area are formed by a lava conglom¬

erate of Old Red. Sandstone age and their southern part Is of

Upper Old Red Sandstone rocks. Volcanic rocks also occur in the

northern part of the Pentland Hills and on the western side of the

oentral lowland.

The relief of Area III is closely related to the underlying

geology. On each side of the central lowland there is a major

fault line. On the south-east side the SouthernUplamd boundary fault

separates Ordovician from Old Red Sandstone and carboniferous rooks.

Another major fault occurs along the foot of the Pentlands. The

central lowland is on the downthrow side of both the faults. Both

the Southern Uplands boundary fault and the Pentland fault are

reflected in fault-line scarps on either side of the central

lowland.

The superficial deposits of Area III are Very extensive. Till

covers the Southern Upland slopes up to about 1100 feet and occurs

in large areasson the central lowland. The valleys and lower

slopes of the Pentland Hills are also plastered with till.

Fluvioglacial deposits are also widespread. A wide belt of

sands and gravels extends from one mile north-wast of West Linton

to Loanend (Fig. 44) with extentions to the north-west and

south/
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south-east In the Lyne and Tarth Valleys. Other fluvioglacial

deposits occur around Carlops, on Auchencorth Moss, in the Lyne

Valley and Dead Burn Valley, around Romannobridge and in the

Ladyurd Valley.

Extensive alluvium occurs south-east of West Linton on the

central lowland and to the north-east of Romannobridge. Peat

covers large areas of the central lowland forming AuchencQrth

Moss, and large areas on the lower slopes of the Pentland Hills.

4. Literature

Although primarily concerned with the Southern Uplands the

geological memoir for Sheet 24 published in 1869 contains

references to the land forms and drift of Area III. It was not

until 19?6, however, when Charlesworth presented his work on the

Lammermuir - Stranraer readvance moraine that descriptions of the

fluvioglacial deposits of Area III were available. Charlesworth

described the complex of kames and eskers around the margin of

and on the central lowland of the area, as a series of moraines

deposited at the margin of a lobe of ice retreating towards the

south-west. As will be shown later, it is difficult to visualize

the fluvioglacial deposits of the central lowland having been

laid down at the faont of a retreating ice lobe. Detailed

mapping of the deposits indicates no lobate distribution.

The general conclusions of Charlesworth were modified as a

result of more detailed work carried" vout by McCa.ll and Coodlet

(1952)/
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(1952). By an examination of the "boulder content of the drift

they ascertained that the "basal till of the north-western part of

Area III was deposited "by ice that had advanced from the Highlands

around the southern end of the Pentland Hills where it received the

addition of some southern rock types such as Tinto felsite. The

ice then continued towards the north-east. The fluwioglacial

deposits of Area III contain only a few Highland rocks (probably
the result of fluvioglacial erosion of the "basal till), "but Tinto

felsite is common. It was deduced that after the retreat of the

Highland ice, Southern Upland ice advanced, the wastage of which pro¬

duced the West Linton and Loanend fluvioglacial deposits, KcCall

and Goodiet's r conclusions can "be summarised as follows. The

"basal till of the north-west part of Area III was deposited "by

Highland ice. After the retreat of Highland ice, Southern

Upland ice advanced but there is no distinct till to record its

presence. However the wastage of the Southern Uplands ice

resulted in the deposition of fluvioglacial sands and gravels.

A detailed piece of work was carried out by R.J.A. Eckford

in 1952. By studying glacial and fluvioglacial deposits and

wover-flow channels", Sckford attempted to interpret both the

glaciation and deglaciation of the West Linton-Dolphiftton region.

The presence of Highland rocks in the basal till indicated that

the first ice sheet to invade the Pentland Hills was nourished

on the Grampians. A later advance of Southern Upland ice was

responsible/
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responsible for an upper drift, consisting primarily of fluvio-

glacial sands and gravel, that form well-developed kames and

eskers. Eckford was aware of the many problems in the region;

he remarked on the up-down profiles of certain of the channels

and noted how other channels commenced just below the crest of a

ridge. He even suggested that some of the channels were cut by

waters flowing directly off ice rather than by overflows from

ice-dammed lakes. At the same time, Sokford postulated the

existence of ice-damraed lakes in the West Water Valley, the upper

Lyne Valley and in two places on the central lowland. The lack

of appreciation of the concept of a down-wasting ice surface and

the development of a glacial meitwater drainage system on, in and

under the ice resulted in inconsistencies in what was otherwise a

major contribution to an understanding of the deglaciation of part

of Area III.

5. glacial Erosion and the Direction of Ice Movement

There is very little direct evidence of glacial erosion in

Area III. There are a few oversteepened spur-ends In the

Broughton Heights and the general form of the relief appears to

have been moulded by ice erosion, parallel to the Caledonian

structures. The JPentland Hills contain no major features

resulting from glacial erosion.

The direction of ice movement has been determined by previous

workers by studying the boulder content of the drift and the

distribution/
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distribution of the so called moraines. The latter method,

as applied by Charleswoith (1926) has proved to be invalid because

of the misinterpretation of fluvioglaeial deposits as frontal

features. The study of the boulder content of the drift, however,

by McCall and Goodlet (1952) has indicated a south-west to north¬

east movement of both the ice that deposited the basal till and

that which resulted in the deposition of the fluvloglacial sands

and gravels. The south-west to north-east movement of ice in

Area III is reflected in striae recorded on Mendlck Hill and White

Hill (the latter beyond the eastern limit of Area III) on Sheet

24 of the Geological Survey (Pig. 45).

With the dominance of south-west to north-east trends in

both structural geology and direction of ice movement it is not

surprising that many of the hills of Area III are elongated from

south-west to north-ea st, e.g. Black Mount, Mendick Hill and

Blyth Muir (Fig. 44).

It has already been suggested that there was a general south

to north movement of ice in Areas I and II towards Area III. The

through cols at the head of the Ladyurd Valley and at Lochurd were

probably cut by the ice moving into Area III. It is possible

that ice therefore moved up the Lyne and Tarth Valleys and joined

with ice moving through the Lochurd and Melbourne Gaps from the

south-west and continued north-eastwards across the central lowland.

Summarising, then, there is little doubt, that the last ice

to/
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morphological and depositional evidence supports this statement.

6. Glacial Deposition

Throughout Area III a dark-reddish till containing mainly

local rocks is to be found. It occurs most extensively in the

valleys of the Pentland Hills, around Mendlck Hill, on the oentral

lowland north of West Linton, along the eastern margin of the

central plateau and on the lower slopes of the hills that surround

Area III on the east and south. Rarely is it seen above an

altitude of 1250 feet.

The till is best exposed in the valleys of the Lyne and West

Water where those streams have been incised into the valley-fill

material that consists primarily of till. The writer agrees with

Eckford who stated that there is no field evidence to suggest

the presence of more than one phase of glacial deposition. The

presence of some Highland erratics in the till found on the

south-eastern slopes of the Pentlands can be accounted for by ice

moving through the cols at the head of the Lyne and West later

Valleys at the maximum stage of development of the ice sheet.

The presence of the distinctive Tinto felsite in the till of

Area III has enabled the direction of ice movement with the ice

sheet to be established (McCall and Goodlet 1952 and Appendix I).

The dominance of local rocks in the till has been established.

This results in the till of the south, east and north-east parts
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of the area being characterized by an abundance of greywackes,

grits and shales* The till of the north-western part of the

area contains a much wider variety of rock types due to the more

complex lithology of the rocks of the Pentland Hills and the central

lowland. The presence of Old Red Sandstone rocks often results

in the till having a sandy matrix.

7. Fluvio/lfecial Sroslon

The meltwater channels in Area III are generally well devel¬

oped. They range in size from the shallow forms (10-20 feet

deep), cut in drift (e.g. J3L-3, Fig. 57) to major relief features

up to 100 feet deep and up to 200 yards wide and extending over

3 miles in length (e.g. the Carlops channel system, H7-33, Fig. 54).

Many of the channels are 20-30 feet deep, 20-40 yards wide and

about 300 yards long.

Two thirds of the channels mapped in Area III (Fig. 44)

occur on the south-eastern slopes of the Pentland Hills. It is

on the north-west to south-east and north to south trending spurs

of these hills that meltwater erosion has left its most extensive

and best developed evidence. Other channels occur in the hills

that form the southern and eastern parts of the rim of high

ground that surrounds Area III. Some of these channels actually

cut through the rim e.g. Al-20 (Fig. 46), 19-11 (Fig. 56). The

meltwater channels indicated on the central lowland are generally

forms that originated during the establishment of the present

drainage system e.g. H38 (Fig. 54). The valleys of the Lyne

and/
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and Tarth were also utilised by meltwaters but their present

form does not justify their demarcation as distinct meltwater

channels. The drift on the central lowland, has in some places,

been eroded to form distinct meltwater channels e.g. 12-6 (Fig. 56),

and Jl-3 (Fig. 57).

A large proportion of the channels in Area III either cut

through the crest of, or descend one side of, a spur or ridge.

The two largest channel systems, F6-12 (Fig. 50) and 117-33 (Fig. 54}

actually cut through the crest lines of spurs F and H respectively.

G13 (Fig. 53) is another large channel that cuts through a spur

(Ph. 74).

Channels that descend one side of spar or ridge have also

been mapped. Channels H40 and H41 have abrupt beginnings at

about 875 feet on a south-east-facing slope and they descend to

just below 800 feet. Much larger features that descend only one

side of a spur, are F1 and F2 (Fig. 52). F1 (Hi. 75) begins a

little east of the ridge crest in a col, at about 1450 feet and

follows a somewhat sinuous course down to about 1300 feet.

F2 (Hi. 76) is larger, begins at the divide at 1325 feet, and

descends to a little below 1150 feet.

Other meltwater channels not only cut through a ridge or

spur crest, but descend considerable distances on one side of the

ridge or spur e.g. Gil (Fig. 53 and Ph. 77, 78), H5 and 6 (Fig. 54),

and HP (Fig, 55 and Hi. 79). All these ohannels are cut in cols

but/
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but the actual erosion done by meltwaters is represented by a

distinct channel in the floors of the cols, Gil (Ph. 77, 78)

commences at just over 1100 feet, cuts through the crest of spur G

and descends through just over 100 feet on the north-east side,

H5 (Fn. 80a, b) and H$ (Fig, 54) also cut right through a minor

ridge crest before descending some 100 feet on the so uth-east

facing slope. H2 (Fig. 55) is a large channel that commences at

just below 1500 feet and follows a deep, sinuous course down to

just below 1150 feet.

There are very few channels in Area III that are parallel

or sub-parallel to the present oontour pattern. Parts of the

channel system 17-12 (Fig. 56) are parallel to the contours of

the ridge but 111 cuts through the ridge crest. Parts of <J1 and

2 (Fig. 57), are also parallel to the present contour pattern.

The form and position of most of the channels in Area III

indicate that they were not formed by the overflow of waters from

ice-dammed lakes. Eekford (1952) explained some of the channels

by postulating ice-dammed lakes, but he pointed out (p. 145) that

"The waters that eroded many of the spillways appear to have

drained directly off ice that stood above the gaps in the ridges,

while in some places minor marginal lakes may have been held up

in the upper reaches of ice-dammed tributaries that escaped

across cols. The higher overflow channels that lead out of the

Lyne, such as those above the 1000 foot level, appear to have

been/
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been formed by one or other of these methods of drainage, for

the configuration of the basin precludes any large scale damming

of the main valley". Eokford does postulate a lake at a lower

level (approx. 950 feet) to explain a series of laminated clays

and sands seen in the banks of the Lyne near Wakefield (Pigs. 44

and 53)# Although he suggests that the Windy Gowl (Channel H8)

was the outlet for this mile-and-a-half stretch of water he does

not outline the processes Involved to explain the complex relation¬

ships of the channels associated with the Windy Gowl.

There can be little doubt that some lakes did exist in

Area III at a late stage of its deglaoiation. Flat areas around

West Linton and Romannobrldge,probably former lake sites,a®s

discussed later. However, the lakes played no part In the devel¬

opment of the majority of the meltwater ohannels described in

Area III. The complex channel systems mapped along the foot

of the Pentland Kills (Fig. 50, F6-12 and Fig. 54 H8-30) with

their anastomosing courses cutting through the crests of ridges,

and their up-down long-/profiles, cannot be explained by the

simple concept of waters overflowing, from ice-dammed lakes.

The size of some of the major channels suggests that if they were

cut by waters flowing over the spurs from ice-dammed lakes, those

lakes would have had to have been of considerable extent. There

is no evidence in the form of extensive lake-deposits, shore-lines

or deltas which suggests that such large lakhs existed in the

re-entrants/
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re-entrants between spurs F, G and H (Fig. 44).

No evidence of former lakes was observed in the hills that

surround Area III to the east and south with the one exception of

the Loehurd Valley (Fig. 44). No sections were available in this

valley that cuts through one of the western spurs of the Broughton

Heights. However, the flat marshy floor is suggestive of a

former lake site, and the channel that leads away to the north¬

east (Bl, Fig. 47, Ph. 81) may have been formed by waters over¬

flowing from a lake either dammed by ice or by glacial and fluvio-

glacial deposits at the south-west end of the Lochurd Valley.

Apart from the one exception just described, the meltwater

channels mapped in Area III were formed by melt-waters flowing on,

in or under the ice, when they came into contact with the land

surface.

The presence of glacial deposits in the re-entrants of the

Pentiand Mills indicates that they too were occupied by ice. If

it is accepted that the presence of meltwater channels presupposes

the presence of ice, except where there is definite evidence of

an ice-dammed lake, then ice covered all the eastern slopes of the

Pentiand Hills to a minimum altitude of 1475 feet (the altitude of

the highest channel HP, Fig. 55). In the south of the area the

ice covered the hills to a minimum altitude of 1650 feet. This is

Indicated by the channels in the Broughton Heights (Fig. 46, All-20).

The channels on the ridges that form the eastern rim of Area III

indicate/
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indicate that ice there reached a minimum altitude of 1100 feet.

It is therefore concluded that ice probably covered all the hills

of Area III and when this ice sheet began to downwaste, the higher

ridges and spurs began to appear above the ice surface and became

obstacles in the path of meltwater streams flowing on and in the

ice and the meltwater channels described and mapped, were cut.

i) Marginal or SubmargineuL .Channels
There are no channels in Area III that can be assigned with

certainty a marginal or submarginal position during their formation.

Although 17 and 8 (Fig. 56) are parallel to the contours of the

ridge I, they are continued by 19 and 111 that cut through the

crest of the spur. It is therefore very unlikely that 17 and 8

were associated with an ice margin. J1 and 2 (Fig. 57) may have

been formed at or near the ice margin but there is no definite

evidence to support this statement except that the upper part of

<J1 and most of J2 are parallel or sub-parallel to the present

contour pattern.

ii) §ubglacial_Channels
Meltwater channels that descend a slope at right angles to

the present contour pattern, and therefore are very probably of

subglacial origin, are well represented in Area III. Di (Fig. 43),

is a 40 feet deep channel cut in solid rock that begins on the

north-east side of the crest of ridge D and descends the north-east

slope for 150 feet. D2 and 3 are smaller channels and are probably

cut/
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cut In till. They, too, have abrupt beginnings and endings

on a continuous slope, their courses passing through 150 feet

from top to bottom.

The meltw&ters that cut Dl, 2 and 3 were presumably flowing

on, or in, the ice before they oame into contact with ridge D.

They then flowed down between the ice and the ridge for about

150 feet, cutting the channels, before becoming englacial. The

fact that the channels terminate before the base of the slope

is reached indicate that the meltwaters that cut them became

englacial at the lower ends of the channels.

Channels Fl, 2 (Fig. 52) and F4 (Fig. 50) are all good

examples of subglacial erosion. They are large channels that

were cut by meltwaters flowing on or in the ice lying to the west

of spur F, as they descended the eastern side of the spur. F1 and

F2 begin at or near the divide, in cols. The positions of Fl,

F2 and F4 at right angles to the slope, and the fact that some

till was observed in the bottom of P2 indicates that they are of

subglacial origin.

The origin of channels H40 and. 41 (Fig. 33), beneath the ice

is also suggested. Meltwaters moving north-eastwards within the

ice were turned south-eastwards by the slightly higher ground to

the north of H40. The meltwaters became subglacial at about

875 feet, descended to about 800 feet and then became englacial.

iii. Superimposed Channels

Meltwater/
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Meltwater channels that cut through spurs at right angles

to the crests of the spurs represent the superimposition of the

courses of meltwater streams, established on or in the ice, on

to the spur. Whether the superimposition was the result of

the downwastage of the ice surface or of down-cutting by the

meltwater stream in the ice is not known* It is possible that

both processes were involved.

The simplest!, form of superimposed channel is represented

by G13 (Pig* 53). This 20 feet deep, 60 to 90 yards wide,

channel in solid rock at right angles to the crest of spur G

was cut as the result of the superimposition of a meltwater

stream flowing within the ice, on to spur G. The fact that

G13 has an up-down long-profile with an amplitude of 50 feet

suggests that the meltwaters were flowing under hydrostatic press¬

ure in a tunnel in the ice. The method of formation of the

up-down long-profile has already been described (pp. 128 ).

It should be noted that once again if it is assumed that the

meltwaters were flowing from south-west to north-east, a reason¬

able assumption when the other channels on the spur are considered,

the long-profile has a short "up" and long "down". (Pig. 58).
Channels 17-12 (Pig. 56) also represent the superimposition

of a meltwater stream, established on or in the ice, on to a

ridge. This channel system cuts through the divide that

separates the drainage to the Eddleston Water and the North Esk.

The/
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She system begins on the south-east side of the ridge as a

well-developed channel cut in rock (17)» becomes a bench (13)

and then cuts through the ridge as a deep channel with a flat

peat floor. On the north-west side of the ridge the course of

the saltwater stream is represented by a bench.

The movement of meltwaters from south-west to north-east

resulted in channels S2-5 (Fig. 47) being cut across minor spurs.

It is probable that meltwaters flowing in channels either on or

in the ice to the south-west of B4 and 5 were superimposed on to

the minor spur, continued to flow on or in the ice before cutting

B2 and 3.

The origins of the two major meltwater channel systems in

Area III, the Garvald system (F6-12, Fig. 4) and the Carlops

system (H8-30, Fig. 10) will be discussed in detail later but

it is appropriate to state here that the general pattern of

meltwater erosion presented by both systems suggests that they

represent the superimposition of drainage channels initially

established within the ice.

Some channels, after cutting through the crest of a spur

or ridge descend some distance down the slope of the sprr or

ridge on what is, in terms of the direction of ice movement,

the- lee side. The best developed example of this type is

Gil (Fig. 53). It commences a s a wide bench at a little over

1100 feet, cuts through the crest of spur G and descends as a deep

V-shaped/
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V-shaped channel cut In solid rock down to an altitude just below

1000 feet. It Is suggested that meltwaters flowing in a channel

on the surface of ar within the ice occupying the West Water Valley

cut through spur G and utilised a weakness in the ice on the lee

side of the spur and became subglacial.

A similar* process was involved in the cutting of H2 (Pig. 55).

Channels H5 and 6 (Pig. 54) are also cut through a ridge crest

and descend about 100 feet on a south-south-east facing slope.

They are actually cut in the floors of cols on a minor spur

extending south-westwards from spur H« The meltwaters that cut

them were presumably flowing on or in the ice lying in the upper

Lyne basin.

There is a propensity for superimposed channels and certain

subglacial channels to be looated in cols. H? (Pig. 11), H5 and

6 (Fig. 10), Gil (Fig. 8), PI and 2 (Fig. 7), F5 (Pig. 4) and

A4 (Pig. 1) all occur In the bottoms of cols. The absence of

any evidence of fluvioglacial erosion on the sides of the cols

suggests that the col channels were cut by englacial streams

that were superimposed in the bottom of the cols. In nearly

every ease the col channels are continued by subgl&cial channels

that descend from the cols on the lee side (in termsof the

direction of ice movement).

iv. The Garvald System (F6-12, Pig. 50)

The main channel (Pig. 10, Ph. 32) has a maximum depth of

nearly/
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nearly 100 feet and cute through the watershed "between'the

Medwin Water and West "Water. Towards the south-western end

the main channel bifurcates to form Pll and 12. In the north¬

east there are two channels, F7 ami 8 that have "been cut into

the western wall of the main channel. The slope of all the

channels in this system, apart from F3 which has an up-down long-

profile, is towards the south-west. However, the meltwater

channels to the north and north-east of the Oarvald system all

indicate a flow of meltwnters towards the north-east. It seems

most unlikely that a channel system of such large dimensions

could have been cut "by waters overflowing from a small lake, in

the West Water Valley, during the late stages of deglacintion.

It seems much more probable that the Oarvald system was related to

the primary movement of meltwaters towards the north-east within

the ice sheet that covered Area III as well as the south Medwin Valley,

It is suggested that meltwaters first cut the small channels,

F8 and 9, in the floor of the col on spur F. With increased

volumes of meltwnter moving into Area III from the south-west,

as a result of further wastage of the ice sheet, F10 was cut along

the line of structural weakness presented by the Pentland fault.

The channel was superimposed on to spur F by a major meltwater

stream flowing within the ice occupying the Medwin Valley. As

this major meltwater stream cut its course lower in the ice, so

the superimposed channel across the spur extended to the south¬

west (Fig. 53). The confluence presented by the junction of FIX

and/
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and 12 could either be the result of the junction of two major

meltwater streams occurring within the ice at the earn© time or by

the abandonment of one channel due to roof collapse and the

consequent development of another channel.

The suggested origin of the Garvald system is baaed upon the

generalisation that has strong supporting evidence in Area III,

that the meltwaters flowed towards the north-east. Further field

work within the Clyde drainage area may strengthen this hypothesis.

v. The Carlops System (Fig. 54)
The main channel in the system (H8) is called the Windy Cowl.

From Its intake at about 970 feet on the east side of the Lyne

Valley (Ph. 83) it rises for about 600 yards towards the north¬

east, the floor of the channel having a gradient of about 1 degree.

The channel system then slopes away to the north-east for the

remainder of its length# The steep 80 foot -walls and narrow marshy

floor of the south-western end of H3 are very 'impressive. To the

north-east of the fan deposited on the floor of channel 3 by the

small stream occupying H? the main channel system becomes even more

impressive with its anastomosing pattern and its "islands" of solid

rock (Ph. 84,85,86). There are 6 rock-islands within the channel

system. Channel HIS stands above the floor of the main channel by

some 15 feet. The intake of H23, and the intake of H87 are also

above the floor of the main channel. At its north-eastern end the

channel system has two outlets. Channel 29, that is now

followed/
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followed by the main road through the village of Carlops (Ph. 87),

connects the system with the gorge of the North Esk (H 32).

Channel 30 (Ph. 88) follows a more direct route to the North Esk

drainage system.

Channels have been cut into the walls of the main channel.

At its southern end, the north-west wall of the Windy Gowl has been

cut by channels that begin just back from its edge and descend

almost to the floor of the main channel. There are four of these

channels and one of them, H13, cuts right through the ridge of

high ground separating H7 and 8. H7 has an up-down long-profile

and a 40-50 feet deep V-shaped cross-profile. It is cut in rock

and joins the Windy Gowl by means of a right angle bend that is

cut into the wall of the main channel.

In the south-eastern wall of the main channel there ere two

breaches. One is formed by H21 that is 30 to 40 feet deep, 40

yards wide and has been left hanging some 30 feet above the floor

of the main channel. H31 is similar to H21 in position but it

is longer, and shallower at its south-west end. H31 and H30 are

concordant.

A little to the south-east of the main Windy Gowl system

several channels occur that descend the low angle, south-east, slope

of spur H. H17 cuts through the crest of a minor ridge. It is

a shallow open form with 12-$0 foot wall? and a flat peat floor

that is 25 yards wide. At its north-esstern end, HI7 becomes

indefinite/
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indefinite but it is suggested that the maltwaters that cut it

also cut HIS. HI9 has two tributaries, the southerly one link¬

ing with H17» the northerly one having a semicircular head. Hi 9

is 15-20 feet deep, has a V-shaped, cross-profile and at its lower

end turns, abruptly south-eastwards to terminate at 1070 feet.

H24 (Ph. 89) has an abrupt beginning and develops into a very

significant feature some 30 feet deep with a flat-peat floor,

23 yards wide at its south-western, end. North-eastwards the flat

floor narrows as the sinuosities in the course of the channel

increase. The north-eastern end of the channel is more open and

shallow and it terminates amidst a series of low mounds.

An analysis of the system of channels described above does not

present a clear-cut picture of the processes involved in their

formation. There are four facts that must be taken into con¬

sideration when an attempt is made to explain the origin of this

channel system. The whole system cuts through a watershed; it

has an. anastomosing pattern; the main channel has an up-down

long-profile; the sides of the main channel have been bresohed

by tributary channels.

Such a complex system cannot be explained by the overflow of

waters from a lake dammed up in the Lyne basin by a mass of ice

between the lower slopes of spurs G and H. Since HS must have

been cut into the walls of the former, it would be impossible

to explain the relationship of H7 and HS if it was postulated

that the„v represented overflows from a lake at different levels to

the/
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the lest of the two channels. To account for H7 as a lake over¬

flow that post-dated HQ it would be necessary to postulate a re-

advance of ice that just blocked the western end of H8, yet

permitting free flow of waters from H7 to K14. There is no

evidence that suggests such a re-advance.

The up-down profile of HQ is not the result of regrading in

post-glacial times. The very small stream flowing to the south¬

west in HQ has only adjusted itself to the new base level of the

River Lyne by cutting back about 200 yards from its point of

junction with the Lyne, the depth of incision not being more than

15 feet (Ph. 90).

The up-down profile of the main channel and the relationships

of the tributary channels preclude the formation of this system

at the margin of a mass of ice occupying the West Linton to

Carlops area. The fact that the whole system cuts through spur H

and up-down long-profiles occur in certain channels in the system

suggests that the channels were cut when large meltwater streams

flowing within the ice were superimposed on the spur.

The main channel would have been cut first and its anastom¬

osing pattern would have resulted from differential resistance

to erosion or from the blocking of one channel by roof collapse

and the development of an alternative channel. The up-down

profile of the main channel developed due to the faster down-

cutting of meltwaters through the ice than through the rock

(see Pp.128 and Pig. 43) •
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That the main channel was cut under a considerable thickness

of ice is indicated by the presence of an up-down long-profile in

H7. This channel post-dates the formation of the main channel

because it is cut Into the side of the latter. Ice must have

covered H7 to permit the flow of meltwaters under hydrostatic

pressure and therefore the main channel system must also have been

subglacial beneath a considerable thickness of ice.

The position and form of H17f 18» 19, 20 and 24 also point

to their subglacial origin. Whether or not they were formed

before, after, or at the same time as the main channel system

cannot be ascertained.

The Carlops channel system carried meltwaters north-eastwards

towards the River North Esk and its tributaries. The amplitudes

of the meanders in the deep channels now occupied by the North Esk

between Carlops and the Steel, (Pig. 44, Ph. 91) and by the Carlops

Burn and Harlawmuir mrn, cannot be related to the small streams

that now occupy them. Channel 38, that is now occupied by the

Harlowmuir Burn is some 70 feet deep and between 100 and 300 yards

wide. The present stream meanders on-the floor of this large

channel and could not oe responsible for the large meanders in

channel 38.

The North Esk and its tributaries acted as the outlet for

all the meltwater drainage moving north-eastwards along the foot

of the Pentland Hills and off the western side of the central lowland.

vi/
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vi. The Relationship between the Garvald and Carlops Channel Systems
It has been suggested that these two major meltwater channel

systems are the result of the superimposition of major englacial

streams on to spurs F and H (Fig. 59). Between the two major

systems spur G has also been breached by channels but they are not

so large as those cut on spurs F and H. The altltudinal relation¬

ship of the channels on the three spurs is shown in Fig. 58. It

can be seen that the Carlops System is generally above the channels

forming the Garvald System and if altitudinal relationships alone

are considered then a south-westward movement of meltwaters would

seem more likely. However, the greater part of the Windy Gowl

System, the channels on spur G and the nature of the junction between

the two large channels at the south-west end of the Garvald System

all indicate a north-eastward movement of meltwaters.

The detailed chronological relationship between the channels

on spurs F, G and H cannot be determined. However, it seems

unlikely that they were all functioning at the same time. It is

suggested that a major meltwater stream flowing in a tunnel that

had a gradient which sloped down from south-west to north-east, was

superimposed successively on spurs H, G and F (Fig. 53). It seems

unlikely that the channels on spur G carried the meltwaters that

cut the Carlops System because the south-eastward bend at the lower

and of Gil and the alignment of G13 (Fig. 59) suggest that the

meltwaters turned south-eastwards down the Lyne Valley. The final

stage/
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stage in the 3uperimposition of the englaci&l stream was actually

the cutting of the Garvald System in a subglacial environment.

The hydrostatic pressure produced by this movement of meltwaters

from the south-west into Area III must have been sufficient to

permit erosion along the line of the Pentland fault by a subglacial

stream flowing up-hill. On rea ching the West Water Valley the

meltwaters turned eastwards and did not cut through spur G.

Summarizing then, channels on spur P, G and H are the

remnants of a meltwater drainage system that drained north-east-

wards. The spurs of the Pentland Hills that were transverse to

the drainage system were at first breached by the meltwater

streams but later formed too great an obstacle and caused the

melt-waters to use in turn, the preglaclal valleys of the Lyne

and West Water.

vii. The Development of the Meltwaterndrainage System.
Examination of Fig. 44 indicates that the south-west to

north-east flow of meltwaters observed in Areas I and II is

continued in Area III. Channels cut through ridges and spurs

in the south of the area, e.g. Al-10 (Fig. 46), B2-5 (Fig. 47)

indicate that meltwaters flowed from Area II into Area III. This

north-easterly movement was continued in the hills th t form the

eastern rim of Area III as is indicated by the channels on

spurs D (Fig. 48), E(Figs. 49), I(Pig. 56), J and K (Fig. 57).

The south-west to north-east movement of meltwaters is

indicated/
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indicated very strongly on the south-eastern slopes of the

Pentland Hills. The large size of some of the channels suggests

that the drainage area of the meltwaters that cut them extended

beyond the limits of Area III and probably included ice that

occupied the Kedwin Valley i.e. a part of the Clyde firainage area.

Other evidence will be presented later to support the statement

that meltwaters flowed from the medwln Valley into Area III.

Although a great many of the meltwater channels that indicate

this dominant south-west to north-east flow of meltwaters were cut

by englacial or subglacial streams it is suggested that they

indicate that the slope of the ice surface was also from south-west

to north-east. The evidence presented in the section on direction

of ice movement suggested that the ice moved into Area III from the

south and south-west. On this basis alone the ice surface would

be expected to slope towards the north-east. The gradients of

the courses followed by supraglacial, englacial and subglacial

streams were also determined by the slope of the ice surface. The

actual factors that determine a parallelism of supraglacial and

englacial and subglacial gradients are not known.

The meltwaters that flowed along the flanks of the hills in

the east of Area III continued their north-eastward movement by

following channels J4 and K3 (Pig. 57) beyond the limits of the

Tweed drainage area. The col over which these waters flowed to

cut J4 and K3 is at approximately 950 feet.

The/
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The lowest channel that carried meltwaters to the Worth Ssk

drainage area from the Lyne drainage area was H39 (.Fig. 54), and

it has its intake at about 860 feet. It can therefore be states

that once the meltwater drainage system had eroded its channels

down to an altitude of about 950 feet in the east and 860 feet in

the west the north-eastward movement of meltwaters ceased. Until

that stage was reached all the meltwaters on, and in, the ice

covering Area III moved north-eastwards towards the worth b'sk

drainage system. The North Ssk gorge (H32) and its tributary

gorges (H33, 34 and 38) owe their origin to the meltwaters flowing

north-eastwards from Area III.

When the north-eastward movement of meltwaters ceased the

central lowland of Area III was still covered by ice. The

altitude of the ice surface at this stage is unknown. There are

two major meltwater channels, apart from the Lyne and Tarth Valleys,

that were utilised by meltwaters after the south-west to north-east

movement ceased. Channel F22 (Fig. 51), is 40 feet deep, over

100 yards wide and is cut through solid rock. The alignment of

this channel in relation to the West Water before It swings east-

v/erds to join the Lyne suggests that F22 was cut by meltwaters

flowing down the West Water Valley. When the 'West Water had out

through the drift that had been deposited in its old course, F22

was abandoned as it was cut through resistant rock. A similar

sequence of events probably took place to account for C2 (Fig. 47).

In that case it was the meltwaters coming down the Tarth Valley

that/
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that cut through spur G.

It has already been suggested that the Ice covering Area III

moved into the area from the south and south-west and had a surface

that sloped towards the north-east. Although downwastage played

such an important part in the dissipation of the ice the areas

that became ice free first were those in the north and east. Once

meltwaters ceased to move north-eastwards on the ice surface or

in tunnels in the ice# there would he, no otitist from Area III until

the Lyne and Tarth Valleys were made available so that meltwaters

could escape to the Tweed Valley.

It has already been suggested that the meltwater drainage of

Area II was concentrated at a late stage along the floor of the

Tweed and lower Lyne Valleys in a subglacial environment. The

time relationship between the development of this subglacial

outlet In the Tweed Valley and the cessation of movement of

meltwaters on the surface of and in the ice covering Area III,

is unknown. The flat areas around West Linton and Roirannobridge

that are suggestive of former lake sites indicate that there was

some ponding of melt/waters in Area III before the Lyne and Tarth

Valleys functioned as outlets. .Evidence of extensive lakes is

not available so it is suggested that the gap In time between the

north-eastward and south-eastward movement of meltwaters was not

very long. If the first outlet to the south-east was in the

form of subglacial channels in the bottoms of the Lime and Tarth

Valleys then the limited amount of evidence suggesting former

lakes/
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lakes may "be related to seasonal closing of the subglacial channels.

With the continued wastage of the ice sheet in the south-east of

Area III and in Area II, the Lyne, Tarth and Tweed Valleys would

then develop in turn ice-walled channels and then become, ice free

to permit general drainage to proceed along the Tweed and its

tributaries.

The Tarth and Lyne Valleys belong to a very old drainage

system that was superimposed upon the palaeozoic rocks. It is

remarkable that the tributaries of the Tweed rise on the Pentland

Hills, cut across the Old Red Sandstone rocks, across the Southern

Upland boundary fault and into the Southern Uplands to join the

Tweed. Not only did this original drainage system not function

during the early stages of deglaciation but it presumably became

plugged by drift. The detailed events that led to the re-

establishment of the preglaclal drainage system are not known as

very little crosional or depositional evidence remains. The

utiliaation of the Lyne and Tarth Valleys by meltwaters was inevit¬

able once the north-eastward routes ceased to function but the

extent of meltwater erosion in the two valleys is unknown.

vlii. Summary

1. The position and form of the meltwater channels mapped in Area III

indicate that many of the channels were cut by meltwater streams

flowing within or beneath the ice when they encountered spurs or

ridges under the ice. Other channels were cut by the superlm-

position of meltwater streams, flowing on the ice surface, on to

spurs/
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spurs or ridges as the Ice surface downwasted. There Is very

little evidence of marginal or submarglnal drainage.

2) Owing to the absence of proven marginal features the position

of the ice margin at any given time cannot be determined. The

altitude of the highest channels in the area indicate that ice

covered the hills in the south-east up to a minimum altitude of

1650 feet, and the Pentland Hills to a minimum altitude of

1475 feet,

3) The slope of the ice surface was from south-west to north-ess1

and until the englaOial and supraglacial drainage had cut down

to below 860 feet, meltwater streams flowed towards the north¬

east throughout Area III. The north-easterly movement was

eventually replaced by drainage along the pre-glaclal valleys

towards the River Tweed.

8. Pluvloitlaolal deposition

In several parts of Area' III fluvioglacial sands and

gravels have been deposited on top of the till. The meltwaters

that eroded the channels described in the previous section were

also responsible for laying down the extensive fluvioglacial

deposits that occur on the central lowland of Area III and in

some of the valleys in the south.

Sections in the fluvioglacial deposits indicate that they

have a great range of particle slse and consist of different rock

types in different parts of the Area III, The gravels at

Ladyurd/
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Ladyurd (Fig. 44) consist mainly of greywackes, shales and some

felsites. Those in the West Linton area have a much more varied

content, including greywackes, shale, coal, chert, sandstone,

felsite and a few schists and gneisses.

The morphology of the fluvioglacial deposits in Area III is

usually distinctive. bteep-sided mounds and ridges are common

on the central lowland. Between the mounds and ridges, peat-

filled depressions are often found. Apart from the deposits in

the Ladyurd Yalley flat-topped masses of sand and gravel are

unusual. In the Tarth Valley, to the south-west of Blyth Bridge

and to the south-west of White moss, spreads of fluvioglacial

deposits occur that are almost flat or have undulations of small

amplitude.

The fluvioglacial deposits are most extensive on the western

side of the central lowland. The close association of the best

developed features resulting from fluvioglacial erosion and

fluvioglacial deposition is to be expected. Many of the ridges

and mounds in the fluvioglacial deposits have their long axis

orientated south-west to north-east Se. parallel to both the

direction of former ice movement and the direction of flow of

meltwaters as indicated by meltwater channels.

i. The Ladyurd^Fluvloglaoial^ Dgposits (Fig. 46)
At the northern end of the Ladyurd Yalley there is a large

flat-topped mass of sand and gravel that has been cut into two

by/
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by the Ladyurd Burn. The southward extent of these fluvioglacial

deposits can only "be Inferred from morphological evidence and small

exposures. Kxp. 4 reveals 15 feet of drift that does not appear

to have been water worn or sorted. Exp. 3, which is in a mound

at an altitude higher than Exp. 4 revealed poorly rounded gravel

with cobbles up to 6 inches in diameter.

The great thickness of fluvioglacial deposits indicated by

Expa, 1 and 2 certainly do not extend up to Exp. 4 although some

20 feet of gravel does occur in Exp. 3. Other mounds and ridges

to the south of Exp. 3 also indicate the probable occurrence of

fluvioglacial deposits.

The flat-topped mass of sands and gravels at the northern

end of the valley (Ph. 92) has not only been cut into by the

Ladyurd Burn but has recently begun to be worked for sand and

gravel. An extensive exposure running from north to south

along the right bank of the Ladyurd Burn has been cut. This

revealed a series of steeply-dipping (about 25°) beds of sand and

gravel. The dip was towards the north. The detailed sequence

of the strata can be generalised as follows (Ph. 93). Above a

bed of coarse rounded cobbles (up to 6 inches in diameter) there

occurs a series of alternating layers of sand and clay. These

are then replaced by alternating layers of sand and fine gravel,

the gravel getting more coarse as it occurs higher in the section.

The sequence Is then terminated by another bed of coarse cobbles

above/
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above which fine deposits are to be found. This sequence of

deposits appears to be repeated several times.

The fluvioglacial deposits are seen to rest upon a till. The

flat top, the steeply-dipping beds and the repeated sequence of

coarse to fine deposits are all suggestive of a delta. The

meltwater channels at the head of the Ladyurd Valley brought

meltwaters from Area IX to the south. Ice in the Lyne Valley

must have prevented the escape of waters towards the Tweed and a

lake was impounded in the Ladyurd Valley. Into the lake melt-

waters brought coarse or fine material depending upon the volume

of meltwaters available and a delta was built up in the lake.

Only the steeply dipping fore-set beds of this delta have yet

been exposed.

ii. The Blyth Bridge Gravel Sgread (Fig. 47)
To the south-west of Blyth Bridge the Geological Survey,

on Sheet 24, have indicated an area of fluvioglacial deposits

that is two miles long and one mile wide. The lack of exposures

in this deposit and the modification of the land forms by plough¬

ing makes an interpretation of the origin of this deposit very

difficult. The presence of angular and rounded fragments on the

surfaces of ploughed fields made it impossible to distinguish

between till and fluvioglacial deposits. However the areas of

fluvioglacial deposits as mapped by the Geological Survey have

some undulations the amplitudes of which were between 10 and 15

feet/.
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feet. The significance of this gravel spread in the sequence

of events that occurred during the degradation of Area III is of

limited importance. The absence of distinctive morphology and

of any extensive exposures makes it impossible to outline the

processes involved in the deposition of these fluvioglacial

deposits.

111. fluvlo^lgolftl^ggpggltg. on-thg Eastern Side of the Central
Lowland

In a belt, half a mile wide, to the west of the main road

between Leadbum and mountain Cross (Pigs. 48, 56, 57) there is

a series of fluvioglacial deposits that exhibit some distinctive

forms. Apart from a few small patches of fluvioglacial deposits

on either side of the lead Burn there are no well-developed

kames north of those actually found on the divide between the

North Esk and the Lyne drainage areas. To the north and west of

Lamancha station (Pig. 57) there is some well-developed kame

and kettle topography. Due north of the old station there is

a flat-topped kame the surface of which stands at 970 feet. A

small exposure (40), in the side of this kame indicates that

it is formed of coarse gravel (1-5 Inches in diameter). Extending

from this flat-topped mass are several small ridges with fairly

steep sides and with small kettles between them. There appears

to be no dominant orientation in the mounds and ridges to the

north of Lamancha station.

One/
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One-third of a mile to the west of the station there are

some large mounds of sand and gravel separated by a kettle. They

are steep-sided but do not have flat-tops.

The form of these fluvioglacial deposits and their position

on the divide, suggest that they were laid down amongst masses

of decaying ice. The kettles represent the burial of blocks of

ice that subsequently melted out to form depressions in the

deposits.

In the Bead Burn Valley mounds and ridges of fluvioglacial

deposits are well developed (Pig. 56)* At the north-eastern end

of this open, shallow valley, that is, north-east of Braefoot

Cottage, the moundy topography has o distinct orientation (south¬

west to north-east) but the material that makes up the mounds is

difficult to determine. small exposures indicate that solid

rock, till and gravel all form low mounds. To the south-west

of Braefoot Cottage, however, the forms in the fluvioglacial

deposits are distinct and are dominated by a winding ridge that

extends south-westwards fxom Braefoot Cottage for a distance of

over two miles (Phs. 94, 95, 96). Small exposures in this

ridge (Exp. 23 and 24) indicate that it is formed of well-rounded

cobbles and pebbles. none of the exposures is large enough to

indicate the stxuictural character of the deposit. In several

places the ridge has been cut through by the Bead Burn and by

former meltwater channels. This segmented ridge has steep slopes

and stands some 40 feet above the floor of the Dead Burn Valley

in/
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1n the vicinity of exp. 54. Further to the south-west, the

ridge is not so high and it also becomes narrower.

The morphology of the fluvioglacial deposits of the Dead

Bum Valley suggests that they constitute an area of kames in

the vicinity of Braefoot Cottage from which an esker extends to

the south-west. The form of the esker, and the south-westward

slope of the meltwater channels cut into the drift and the rock

of the Dead Burn Valley, Indicate that meltwaters flowed from the

north-east towards the south-west when these kames and esker were

formed. This stage of meltwater drainage must have developed

after the general movement of meltwaters north-eastwards, already

suggested for Area III, had ceased. It is therefore suggested

that the Dead Burn Valley fluvioglacial deposits were related to

a reversal of drainage back into the ice occupying the central

lowland of Area III. The esker represents deposition in a

former meltwater channel leading along the floor of the Dead

Burn Valley towards the Lyne Valley. Xhether or not the series

of mounds to the south-west of Romanriobridge (Fig. 48) represents

the continuation of the Dead. Burn esker is a point of conjecture.

It could be argued that the intervening section was destroyed

by meltwaters and post glacial streams occupying the Lyne Valley.

The gravel spread that occurs to the south-west of

Romannobridge is similar in form to that described to the south¬

west of Blyth Bridge.. The undulating surface has no exposures.

The position of both the Blyth Bridge and Romannobridge gravel

spreadd/
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spreads at the entrance to valleys that provided the outlet to

the south-east for meltwaters after the north-eastward movement

ceased, suggests that both gravel spreads were deposited at times

when the movement of meltwaters through the Lyne and Ta,rth Valleys

was either restricted or impossible, permitting the development of

small lakes at the entrances to the two valleys.

iv. The Loanend-west.Linton_Fluv1oglac1aeposi13
Where the valleys of the Tarth, West Water and Lyne Water

leave the Pentland Hills fluvioglacial deposits have been laid

down in a continuous sheet extending from Loanend for nearly

6 miles towards the north-east. The deposits form ridges and

mounds that are between 700 and 900 feet in altitude.
r; , »

The walls and floor of the Tarth Valley west of Loanend are

lined with fluvioglacial deposits but there are no distinct forms

apart from a few mounds. To the north of Loanend there is a. series

of large sub-parallel mounds that stand 100 feet above the

surrounding lowland. A conioal mound to the south of Loanend

attains similar proportions.

North-eastwards from the large mounds to the north of

Loanend the fluvioglacial deposits form an almost flat spread

except for a series of elongated mounds that develop into a ridge

that is about 30 feet high in the vicinity of exp. 13 (Fig. 5,

Ph. 97). North of Exp. 13 the ridge is surrounded by peat-filled

depressions and a few rounded mounds. The north-eastern end of

the/
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the ridge terminates near the mouth of channel PI9 (Ph. 93). This

large channel cuts through a mass of fluvioglacial deposits. The

steep western side of this channel (Ph. 99) descends from an almost

flat-topped mass, the surface of which is at an altitude of between

870 and 880 feet. The steep eastern side of channel 19 bounds an

area of distinctive kame and kettle toppgraphy. Steep-sided

ridges surround Slipperfield Loch (Ph. 100) on its south-west and

north sides and the loch occupies a kettle. A smaller kettle

north of Slipperfield Loch is completely surrounded by a steep-

sided, 00-30 feet high, ridge. To the north-west of Slipperfield

Loch a series of ridges with steep slopes, with depressions between

them, have a dominant south-west to north-east orientation. To

the south and east of Slipperfield Loch the fluviogleolal deposits

form elongated mounds with a dominant south-west to north-east

trend (Ph. 101).

The northward extension of the Slipperfield fluvioglacial

deposits has low undulations with a few distinct depressions. It

is terminated by the steep southern sides of the West Water Valley

(Ph. 102). The eastern limit of the deposits is marked by the

edge of White "oss and the slope towards the moss 1b quite steep

but is broken by a series of low mounds.

The fluvioglacial deposits extend up the West Water Valley

and north-eastwards to the Lyne Valley. The West Linton Golf

Course, hnd the area to the south-east of it, has minor undulat¬

ions/
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undulations and a few depressions. A tongue of fluvioglacial

deposits extends south-eastwards between the West Water and the

Lyne Water (Ph. 103). The north-western limit of this tongue

is marked by an elongated depression, now followed by the main redd

to West Linton. To the south-east of this depression the fluvio¬

glacial deposits have an irregular surface formed of a series of

mounds and depressions. The highest points on this irregular

surface are between 830 and 890 feet, and it is bounded on all

sides by steep slopes that descend to the West Water and Lyne

Water.

The extension of the fluvioglacial deposits up the Lyne

Valley is characterised by low mounds and ridges. The presence

of quite large areas of peat obliterates some of the surface

expressions these deposits may have had. To the north of West

Linton the fluvioglacial deposits cover the lower slopes of

spur H (Pig. 53). There is an almost flat area to the south¬

west of K41, the south-eastern edge of which has a series of low

mounds that have a long steep slope to their south-east. Worth-

eastwards of H41 and 40 the fluvioglacial deposits have no distinct

forms apart from one elongated ridge that descends a slope for

400 yards and falls through about 70 feet. To the south of this

ridge the fluvioglacial deposits rise to three mounds that have

rounded tops with steep south-east facing slopes (Ph. 104). These

mounds stand about 30 feet above an extensive alluvial flat.

Summarizing,/
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Suaimarialng, then, a large mass of sand and gravel

approximately 100 feet thick extends for l|r miles south-westwards

from West Linton. band and gravel also occur up the valleys of

the Lyne" Water and West Water, in the valley of the Garvald Bum,
'/
!)

to the /north-east of Loanend and on the central lowland east of
, /

West Linton. The detail forms In these deposits are varied but

the 100 feet thick mass south-west of West Linton forms a distinct

unit with individual mounds reaching altitudes of 830-890 feet

and wit# a fairly steep slope bounding it on the south-east side.

There are numerous exposures in the fluvioglacial material

that extends from the Garvald Valley to the Lyne Valley. Exposures

8, 9,10 and 11 in the Medwln and Garvald Valleys indicate well-

rounded fragments ranging from fine sand to cobbles up to 12

inches in diameter. Exposures 9 and 10 contain stratified sands

and gravels but exposures 8 and 10 consist entirely of fine sand.

A great variety of rock types occur, incldding some flakes of

coal. The dip of the strata in exposures 9 and 11 was to the

east and north-east whioh suggests that the waters that deposited

these sands and gravels moved south-eastwards down the Garvald

Valley and then north-eastwards to the north of Loanend.

Exposures 12 (Ph. 105) and 13 indicate that the ridge in

which they occur consists of alternating beds of sand and gravel

with an anticlinal structure. Some of the beds contain large

rounded cobbles while others are of fine sand.

Expo sure/
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Exposure 14 (Ph. 106) Is the only locality at which some

information about the constituents of the 80-100 feet thick mass

of fluvioglacial deposits that occur south-west of the West Water,

can be obtained. In a 20 feet high section, rounded boulders

up to 2 feet across, cobbles, pebbles, gravel and sand were seen.

They were formed of sandstone, agglomerate, conglomerate, grits,

shale, igneous rocks and some schists. The deposit exhibited

some degree of sorting but the top 3 feet was unsorted and con¬

tained blocks of sandstone, 3 feet across.

A few small exposures along the banks of the West Water

(Exp. 15 and 16) and a large exposure provided by the West Linton

gravel pit (Exp. 17, Ph. 107, 108) indicate that a large per¬

centage of the tongue of fluvioglacial deposits between the

West Water and Lyne Water consists of stratified sand. The

changing face of the West Linton gravel pit as work has progressed

between October 1953 and March 1961 has revealed the following

information. The beds of sand and gravel generally dip at a

low tingle towards the north-east. Near the top of the present

face however the beds appear to dip inwards on all sides of the

gravel pit® Several small faults occur within the sand beds and

they each have their down-throw side to the west. The West

Linton gravel pit reveals no slumping of beds near the steep

slope; the sand beds appear to be truncated by the steep slope.

The steep east- and south-facing slope of this mass of gravel was

not/
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not an ice-contact slope. Hock types found in exposure 17

include sandstones, grits, conglomerate, felsites, cherts, coal

and a few schists.

Information about the depth of drift in the West Water

Valley was kindly provided by Messrs R.H. Cuthbertson and

Associates of Edinburgh. A series of bore-holes was put down

to determine a suitable site for a dam (Fig. 60). The bore-hole

logs indicate that in many instances the bore-holes were not sunk

deep enough to encounter solid rock. In those instances where

solid rock was encountered the thickness of drift was usually

between 20 and 30 feet, and consisted of "a brown sandy clay with

stones". Near the floor of the valley in bore-holes 2 and 3,

sand and silt containing organic matter up to 15 feet thick was

revealed. Bore-hole 23 indicated 33 feet of sand and gravel

and sand and gravel with intervening clay layers occurred to

depths of 20 feet in bore-holes 31 and 37*

The general relationship to be found in Area III of a

brown, stony clay overlain by 3ands and gravels is confirmed

by the bore-holes. What is particularly interesting is that

no evidence of extensive lake deposits is presented by a total of

37 bore-holes in e part of the West water Valley which would have

been the most likely site for an ice-dammed lake. The engineer

in charge of the boring operation stated that there was no one

stratum that occurred at approximately the same altitude throughout

the/
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the Wast Water Valley.

v. The Origin of the Loanetid-West Linton Fluviogleclal Deppsits

la suggesting a hypothesis for the origin of these fluvlo-

glacial deposits the following characteristics have to he accounted

for.

1) The deposits are up to 100 feet thick, and are stratified.

2) In the West Linton area there is a marked correlation in the

altitude of the tops of the mounds. For Just over a mile the

highest mounds are between 380 and 890 feet.

3) The deposits form ksme and kettle topography.

4) A deep dry channel (Fig. 19) cuts through the kamos south¬

west of slipperfield Loch.

5) The south-west end of channel F19 is continued by an esker.

6) The deposits are generally fine near Loanend (3Sxp. 11), coarse

near Slipperfield Loch (®xp. 14) and fine near West Linton

(Exp. 15, 16, 17).

7) In several exposures. (14, 13, 20) the upper layers of the

deposits are un sorted and contain large blocks up to 3 feet across,

On the surface of the deposits within one mile on either side of

the West Water, 35 blocks of subangular material were observed

lying on the surfaces.

It is possible to suggest two hypotheses that account for

some, if not all, the characteristics described above.

a) Deposition at the margin of a mass of stagnant ice. It has

alrea dy/
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already been concluded, during the discussion of celtwater erosion

that Area III was covered by an ice sheet the surface of which was

lowered by downwastage. A stage would eventually be reached

when the slopes of the Pentland Hills would be ice free and a

mass of stagnant ice would occupy the central lowland• If a

series of supposed ice margins are drawn parallel to the present

contour pattern and cutting across the minor incision resulting

from the removal of till and fluvioglaoial deposits from the

preglacial valleys, it will be seen that when the ice surface was

lowered to 900 feet the upper Lyne and West Water Valleys would

be ice free. If the ice surface was lowered a further 50 feet

then an even larger area would be ice free.

On this hypothesis the fluvioglacial deposits around West

Linton would have been deposited at the margin of a mass of

stagnant ice, the surface of which was at about 900 feet (Fig. 59).

Streams flowing down the West Water Valley and the Lyne Valley-

melted their way into masses of ice that occupied the low ground

of these two valleys and a lake would have developed that drained

north-eastwards through a col (R39) at 360 feet (Fig. 53). In

this lake the fluvioglaoial deposits would have been laid down

and the upper limit of deposition reflected in the concordance of

summit heights at 380 feet. The lake level would have been

related to the outlet col at 860 feet. The irregular surface of

the fluvioglacial deposits reflects the incorporation of blocks

of/
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of "blocks of ice. The larger kettles, such as the one now

occupied by Slipperfield Loch represent the largest of the detached

blocks of ice.

The fluvloglaclal deposits around West Linton therefore

represent the material that was washed down the West Water and

Lyne Valleys into a lake at the margin of a mass of stagnant ice

occupying the central lowland. This stagnant ice-mass would

eventually have become permeable and escape routes towards the

aotth-eost established beneath it, and the water table within

the ice and the surface of the lake would have been lowered. The

deposit!onal phase represented by the fluvioglacial deposits was

replaced by an erosional phase. Tunnels under the ice were

opened and channels H40 and 41 (Fig. 53) were cut. The ridge of

fluvioglacial deposits to the north-east of these two channels

can be described as a subglacially engorged esker and represents

deposition in one of the subglacial escape routes.

Channel F19 (Fig, 51) represents an early course of the

West Water ?/hen the lake level fell. The stream cut a deep

channel through the deposits and then entered a tunnel in the ice

where an esker was formed. With further erosion of the till and

fluvioglacial deposits occupying the West Water Valley, the West

Water abandoned F19 and began to flow along Its present valley.

This stream also entered the ice occupying the central lowland

and flowed south-eastwards in a tunnel. Its course was super¬

imposed on an underlying spur and P23 (Fig. 51) was cut. At this

stage drainage to the south-east towards the Tweed, through sub-

glacial/
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glacial tunnels, must have been established. With further

down-cutting channel 122 was abandoned and the best Water joined

the Lyne south of West Linton. The sequence of events in the

West Water Valley, namely deposition followed by erosion, also

occurred in the Lyne Valley.

The kaices lying on the flat area to the north-east of West

Linton represent deposition in embayments in the ice margin• The

fluvioglacial deposits around Loanend can also be explained by

deposition along the margin of dead ice the surface of which was

about 800 feet. A tongue of ice extended up the Garvald Valley

to join the Ice occupying the L'edwin Valley. Streams of melt-

water flowing down the Garvald Valley deposited sands and gravels

along each margin of the ice tongue and in an embayment north of

Loanend. The cone of sand and gravel south of Loanend seems

unlikely to have been formed by erosion of a larger mass of such

deposits. It is suggested thet it represents deposition in a

large noulin by streams of meltwater moving down the Garvald

Valley.

There are several weaknesses in the hypothesis outlined above.

There are no exposures which indicate that the south-east facing

elopes of the deposits P*ound West Linton and Loanend are true
ice-contacts. The low mounds that occur on the slopes between

the lower end of channel F19 and West Linton seem to be original

deposit!onal forms rather than the result of slumping due to the

xemoval/
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removal of the ice wall. If all the deposits were laid down in

a marginal lake it is difficult to account for the unsorted

nature of the upper layers seen in 5xp. 14 and 20, and the 30

subangular blocks encountered on the surface of the deposits.

This hypothesis also excludes any relationship between the

fluvioglacial deposits and the large meltwater channels that

occur to the north-west of them. However the deposits do commence

at the ends of F6 (Fig. 50) and Gil and 13 (Fig. 53). These

channels have been described as subglacial forms and could not

have functioned when the ice surface was as low as 860 feet.

Therefore, all the waters which deposited sand and grave] . in the

postulated ice-dammed lake were derived from the deglaciated

slopes around the West Water and Lyne Valleys.

b) Sub^lacial Beposltion. The two major weaknesses in the ice

marginal hypothesis, the relationship of the deposits to the

channels, and the lack of sorting in the upper layers, are over¬

come if it is postulated that all the fluvioglacial deposits were

laid down beneath the ice. It has already been suggested that

the series of channels that cut through the spurs to the north¬

west of the deposits represent the superimposition of a major

englacial stream system flowing from south-west to north-east,

an to the spurs beneath. This means that the Carlops system

was cut first.when the englacial stream cut further into the

ice Gil and G13 were cut and the Carlops system was abandoned.

The/
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The meltwaters flowing clown Gil and G-13 thon followed a sub-

Glacial route down the Lyne Valley which was already planned

with till. These subglaoial streams began to spread out and

their Gradient was not steep, so deposition began to take place.

The mounds of gravel standing 10 to 20 feet above the peat to

the east and south of Gil and 13 were deposited under the ice.

The presence of occasional subangular blocks up to three feet

across is suggestive of ablation moraine resting on top of the

fluvloglaoiol deposits. The elongated mound standing at the edge

of the mass of peat to the east of Exp. 36, and above the incision

the Lyne Water has made into the drift, is also suggestive of

subglacial waters moving down the drift-filled Lyne Valley. The

south-eastward bend at the ends of Gil, the position ol G13,

and the alignment of other fluvloglacial mounds in the vicinity

also suggest that waters moved down the drift-filled Lyne Valley

beneath the ice. These meltwaters carried fluvioglacial deposits

for some 2 miles beneath the ice. Collapse of the roofs of this

subglacial labyrinth resulted in the incorporation of blocks

of ice that, when they melted ant, produced the undulations and

depressions that are now seen in the surface of the deposits.

A similar sequenoe of events occurred in the West Water

Valley. Wher channels *5 and the G rvald system (F6-1?) were cut,

Gil and 13 were abandoned and the meltwaters flowed south-eastwards

beneath the ice occupying the West Water Valley• Fluvioglacial

deposits occur at the north-east end of F4 and F6(Fig. 50) as a

spread/
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spread on the wide valley-floor end In the form of a few low

rounds. Eastwards and south-eastwards of north ollpperfield

the i'luvloglacial deposits become more extensive ard thicker.

In Exp, 13, 19 and 20 they are about 20 feet thick whereas around

Slipperfield Loch they are about 100 feet thick.

It is suggested therefore that large amounts of meltwater

flowing through the subglacial channels FA and F6 (Fig. 50),

deposited a large delta-like mass of fluvioglaoial sand and

gravel beneath the ice In the West Water Volley below North

Sllpperfield. The deposits of the West Water Valley merged

with those of the Lyne Valley.

The undulations and depressions in the deposits ©round the

mouth of the '.Vest Water were the result of the incorporation of

blocks of ice. when the ice blocks melted out, enclosed

depressions, or kettles, would have been formed. One such

kettle is now occupied by Slipperfield Loch.

After a period of subglacial deposition, a period of sub-

glacial erosion took place which resulted in the formation of

channels F15-19 (Fig. 51). The meltwaters that cut F19

continued south-west ards in a tunnel in the ice and deposited

the sands and gravels, eroded around South Slipperfield, as an

esker. At a later stage this subglacial drainage route was

abandoned and the West Water Valley began to take on its present

for,. However, 722 was cut befoie the subglacial drainage

system was destroyed. The final stage was the abandonment of

¥22/
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F22 and the establishment of the present drainage system*

The fluvloglaclal deposits around Loanend can hlso "be

attributed to subglacial deposition. When meltwaters ceased

to move up Pll and FX2, they turned south-eastwards along the

Tarth Valley. Deposition took place along either side of the

Tarth Valley. The large mass of fine grained, well stratified

deposits north of Loanend is suggestive of deposition in standing

water. It is possible that a eubglacial lake existed in which

these deposits were laid down.

The evidence for, and against, each of the hypotheses out¬

lined above has been presented. It can be seen that there are

certain weaknesses in both hypotheses mainly due to a lack of

certain important field evidence. If deposition did take place

in a marginal lake the outlet of which was related to the 860 foot

col then the occurrence of a shore-line and of deposits along

the 860-830 foot levels would have established the hypothesis.

However, the only depositions! evidence available was limited to

the main mass of sand and gravel at the mouths of the lyne, West

Water and Garvald Valleys. The marginal hypothesis fails to

account for the lack of sorting seen in the upper layers of some

exposures and for the way in which the deposits seem to be

related to certain meltwater channels.

The subglacial hypothesis accounts for the unsorted

material at the top of some exposures, the angular blocks and

unsorted/
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unsorted material being ablation moraine. Similfrly the way

in which some of the deposits occur at the ends of certain sub-

glacial meltwater channels suggests that the same waters that

cut the channels also laid down the deposits. Although it is

difficult to visualise how 100 feet of sand and gravel can be

deposited beneath ice the evidence strongly suggests that such

deposition took place. Guessing (I960) described similar sub-

glaciel deposition in Sweden.

The strong evidence of subglacial erosion higher up the

slopes above the fluvioglacial deposits under discussion lends

further weight to the subglacial hypothesis. The crucial piece

of evidence is the obvious relationship of- the deposits to certain

of the channels. If the channels are accepted as subglacial

forms then the deposits must have been laid down beneath the ice,

if the waters that cut the channels also deposited the sand and

gravels.

vi. Former Lahe-&ltes

Four exposures in the lyne Valley suggest the former existence

of lakes. Exposures 29 and 30 (Pig. 53, Ph. 103, .110) are in

fine-grained sediments with clear stratification. The fine

stratification is suggestive of rhythmites. Eckford (135?)

described these deposits and postulated a lake the surface of

which was at about 1000 feet. There is no evidence to suggest

that the lake, in which the thytlimites were formed, was extensive.

The/
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The only other exposures in the Lyne Valley, above West Linton

in which fluvioglacial deposits were observed ore 31, 35 and 37.

Exp, 31 revealed some 3 feet of alternating beds of clay and

gravel. Exp. 35 was small but showed unsorted, unstratified

coarse-gravel and Exp.37 revealed 4 feet of sand and clay with

send lenses. It can be assumed that if a large lake at 1000 feet

had existed and more deposits such as those seen in exposures 79

and 30 laid down, that more than one small area of those deposits

would have survived.

It is suggested that the rhythmites seen in exposures 23 and

30 were deposited in a small lake fed by channels G8, 9 and 10

(Fig. 53). Since those three channels were subglacial forms

the lake must also have been subglacial.

Eckford postulated two large lakes on the central lowland

and called them Lake Linton and Lake Romanno. The extensive

flat-floored, basin-shaped, area to the east of West Linton

certainly looks like a former lake-site but no sections are avail¬

able in the floor deposits. The flat area that extends to the

north of Romannobridge and drained by the Lead Burn is also

suggestive of a former lake-site. The 5 feet of laminated

clays seen to rest on till in exposure 71 (Fig.51) certainly

support the suggestion that there was a lake in this area.

Exkford realised that there was no escape to the north for

Lake Romanno and suggested it was drained by channels leading

back into, or over the ice occupying the Lyne Valley below

Romannobridge/.
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Romannobridge. The significance of these forcer lake-sites

in the deglaciation of Area TIT is difficult to determine. They

could represent the last stage of the change from the drainage

system controlled by the presence of ico to the normal drainage

system. That is, much of the central lowland was ice-free but

the Lyne Valley was still partially blocked by ice and the route

to-the .Tweed Valley was not capebio of carrying all the -waters

moving out of Area III so the lames developed on the central

lowland.

It is supplested that lakes on the central lowland and in the

Lyne Valley were late stage features of the deglaciation and follow¬

ed rather than caused the extensive fluvloglacial erosion that

produced the many channels that occur on the- south-eastern

slopes of the Pentland hills.

vi1. Summary

Fluvioglacial deposition in Area III was extensive. The

exposures and morphological evidence available Indicate that

the processes involved in the deposition of the sands and gravels

were complex. Since the position of the ice margin at any

given time is unknown and the chronological rel tionship of the

various meltw. ter channels often impossible to determine, the

relationship of the deposits to the channels is very important.

If downwastage of the ice surface Is assumed the last ice

to occupy Area III occurred on the control lowland. The fact

that/
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that there is no evidence to suggest large ice-dammed 1alee3

indicates that there must have heen much englacial and aubglaolal

drainage. Apart from the Ladyurd gravels, it is suggested that

touch of the flv.vioglaeial deposition In Area III occurred in a

subglaeial environment after the destruction of the north-eastern

part of the south-west to north-east rceltvvater drainage system.

The deposits appear to have been laid down at a time when sub-

glacial routes, towards the River Tweed via the Dyne and Tarth

Valleys, had been established.

9. Conclusions

1. Ice moved into Area III from the south-west and south. The

highest meltwater channels in the area indicate that the ice surface

attained a minimum altitude of 1475 feet in the north-west and

1650 feet in the south.

2• The ice surface downwasted and the hills and ridges emerged.

The ice remained longest In the valleys and on the central lowland.

3. During the wastage of the ice sheet large volumes of melt-

water were released that flowed in channels on the Ice surface

and in tunnels in, and under, the ice. When these meltwater

streams came in contact with spurs and ridges under the ice

meltwater channels were cut. Most of the fluvioglacial erosion

occurred beneath the ice.

4. There was a dominant south-west to north-east movement of

meltwatere. This is consistent with the slope of the ice surface

which/
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which was also from south-west to north-east.

5. When the meltwater drainage system had cut down to about

860 feet the north-eastward movement ceased and the pre-glacial

drainage routes to the south-east were re-opened.

6. Fluvioglacial deposition took place on a large scale. It

is not possible to say with certainty whether 0 marginal or

subglaclal environment dominated the deposition of the sands

and gravels on the western side of the central lowland, "out

the writer favours subglacial deposition. The hypothesis of

subglacial deposition parallels the hypothesis of subglacial

erosion, the evidence for which is very strong.
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CHAPTER VII

General Conclusions

1. The Problem of Beglaciation

The problem of deglaciation has in recent years received

renewed attention in Scandinavia and Britain. Until the public¬

ation of a paper by Eannerfelt in 1940, British geomorphologists

generally followed the interpretation put forward by Kendall

(1902) in his paper on the Cleveland Hills. Meltwater channels

and fluvioglacial deposits were generally interpreted as being

formed at the ice margin}and channels in particular were utilized
to determine the position of the ice margin at given stages of the

retreat. This resulted in an emphasis being laid on the horizon¬

tal retreat of ice fronts and the development of ice-dammed lakes

in ice-free valleys.

Following the publication of Mannerfelt1 a (194.5 and 1949)

papers and later work by other Scandinavian geomorphologists, a

new interpretation of the features produced during deglaciation

was adopted in Britain. It was realized that the areas thought

to have been occupied by ice-dananed lakes were probably covered by

ice at the time the lakes were supposed to have existed and that

the so-called overflow channels were actually cut by marginal and

subglacial streams as the ice surface downwasted. The mapping oi

marginal channels led geomorphologists to re-interpret the positic

of/
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of ice margins and instead of linking one channel to another at

a similar altitude by a straight line, it was realised that the

ice margin closely followed the contour of the land. oissons*

work in southern Scotland (1958a, b) utilised this method. However

further work by Scandinavian geon«orpholagis ta, and by diacoas,

showed that It is very difficult to prove that any meltwater

channel, even if it is almost horizontal and follows the contour

pattern, was actually formed at the ice margin. Similarly, it

was found that kame terraces do not necessarily reflect the former

position of the ice margin. These two conclusions were the result

of a great deal of detailed work, particularly in Scandinavia, that

indicated the importance of the subglaeial environment in which

fluvioglacial erosion and deposition took place.

In conjunction with the large amount of work done in areas

formerly glaciated a re-reading of the extensive literature avail¬

able on fluvioglacial erosion end deposition in areas of existing

glaciers has resulted in a new emphasis being laid on the importance

of downwastage as against horizontal retreat of the ice front.

Accompanying the downwastage of the Ice surface large meltwater

streams flowing on the ice curface, at and juot beneath the ice

margin and under the ice, were able to cut- channels when they

cams into contact with solid rock. There are many descriptions of

channel© being cut at the margins of existing glaciers in Alaska

and other areas presently glaciated. The large meltwater streams

that descend moulins and crevasses and later emerge at the front

of/
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of glaciers, that are also described in the literature, can leave

little doubt about the efficiency of subglacial drainage. These

same meltwater streams are recorded as depositing sands and gravels

along the ice margin and in tunnels at the side of, and at the snout

of glaciers.

There is an absence in the literature of descriptions of

many large ice-dammed lakes associated with ice-sheets. When such

lakes are described they are usually at the margins o f valley

glaciers and are drained by subglacial outlets rather than by

marginal overflows.

An interesting problem as to the Importance of marginal and

supraglacial drainage as against subglacial drainage, is introduced

when observations on different glaciers are compared. Whether the

ice be moving or stagnant, the presence of crevasses results in a

dominance of subfclacial and englacial drainage. large meltwater

streams do occur on slowly moving ice but supraglacial and marginal

drainage on a large scale is generally limited to stagnant ice that

is not greatly crevassed. The occurrence of meltwater channels

does not necessarily indicate over-all stagnation.

2. The Dealaciation of the Thesis Area.

The writer commenced his fleldwork with a knowledge of the

work done by Scandinavian geomorphologists and its application in

Britain by Sissons. He was familiar with the concepts of marginal

and subglacial drainage put forward by these workers but soon

realized/
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realized that the distriction of meltwater channels in the

thesis area presented a more complex pattern than marginal channels

with associated subglacial chutes. As the work progressed, further

publications by Scandinavian workers enlarged the concept of sub-

glacial drainage and it was eventually realized that strictly margin¬

al phenomena tended to be the exception rather than the rule, The

following conclusions about the deglaciation of the thesis area

resulted from the fieldwork carried out by the writer:

i. gxtent_of_IceJ3over
The highest meltwater channels in Areas I, II and III are at

1760 feet, 1750 feet and 1450 feet respectively. It is proven,

therefore, that ice attained these altitudes but they are only

minimum altitudes for the surface of the ice sheet that occupied

the thesis area. It seems probable that the ice sheet covered

all the hills of the area at one stage. The presence of through

cole in the southern part of Area I suggests that one of the centres

of dispersal of the ice sheet probably lay to the south-west of the

thesis area. The way in which the ice sheet was built up cannot

be determined in detail because no field evidence was observed.

It is likely, however, that the present areas of high ground, with

rounded valley heads separating the almost flat tops of the spurs

and ridges, developed snow fields from which glaciers descended.

Whether or not areas of high ground such as the Broughton Heights,

within the thesis area, nourished individual glaciers during the

development of the ice sheet is unknown. Further work on the

probable/
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probable altitude of the snow line during the development of the

ice sheet would help in solving this problem. However, this

thesis is primarily concerned with the deglaciation and therefore

the thickness of the ice sheet and not the way in which it was

created is of prime importance.

ii. yQY£mnt_in_the_l£e_3heet

There are three lines of evidence that provide indications of

the direction of movement in the ice sheet. The presence of

through cols and of other features of glacial erosion indicate that

at the maximum stage of ice cover the ice moved into the upper

Tweed basin (Area I) and then continued northwards, overriding the

Broughton Heights and ascending the valleys of the Broughton Burn,

Meldon Burn, and Eddleston Water as well as moving eastwards down

the Tweed Valley. Evidence provided by the distribution of the

distinctive Tinto felsite (Fig. 61) shows that ice moved through

the Biggar Gap into the Tweed Valley as well as from the Clyde Valley

north-eastwards into Area III. The general pattern of the melt-

water drainage system indicates that the surface of the ice sheet

had a south to north slope in Areas I and II and a south-west to

north-east slope in Area III. It is believed that even subglacial

meltwater channels reflect the slope of the ice surface (cf. Guessing

1960). The general slopes of the ice surface indicated by the

meltwater drainage system therefore also indicate the direction

of ice movement, at least in the upper layers, of the ice sheet.

Presumably the movement in the lower layers was more strongly

controlled/
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controlled "by the local relief. Throughout the thesis the ice

that wasted away to form the fluvioglacial features had originated

within the Southern Uplands.

Hi. The Nature of Ice Wastage

As the ice wasted away the ice sheet "began to get thinner.

Eventually the underlying topography began to influence the supply

that entered the area from the centre of dispersal which lay beyond

the rim of the upper Tweed basin. A point would be reached when

supply from outside would cease and the ice within the thesis area

would become stagnant or nearly so. The altitude of the ice surface

when stagnation (or near stagnation) occurred is unknown but was

presumably something in excess of 1300 feet (the height of the

lowest col on the southern rim of Area I). As the ice sheet

continued to downwaste, the hills, ridges and spurs emerged as

nunataks. The meltwater drainage system established on and in

the ice sheet was interrupted by the emerging ground and meltwater

channels were cut into the spurs and ridges.

iv. EluxiQ2lacial_Er2ei2S
The overall pattern of raeltwater channels indicates a south

to north flow of meltwater streams in Areas I and II that was

deflected slightly in Area III to a south-west to north-east

orientation (Fig. 62). The meltwater drainage system, at least

at the higher levels, ignored the trends of the underlying relief.

This is shown by a great many superimposed and subglacial melt¬

water channels. It is difficult to prove that any meltwater

channel/
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channel was formed at the Ice margin and therefore it is

impossible to "use any meltwster channels as indicators of the

gradient of the ice surface or to locate the position of the ice

margin at any given stage of the wastage of the ice sheet. The

meltwater channels mapped in the thesis area are but fragments of

the meltwater drainage system.

v. gluvioglacia^ Deposition,

The same meltwaters that eroded the channels also laid down

fluvioglacial deposits. It is not always possible to relate

deposits to specific channels. There are many instances where

there is no evidence of a former meltwater stream except for

deposits. In such cases the meltwater stream could have been

flowing on or in the ice before it started to deposit. There is

little evidence in the thesis area for proglacial or marginal

(lateral) deposition and it is thought that there was extensive

subglacial deposition. This is compatible with the abundant

evidence of subglacial erosion that was encountered in the area.

vi. The Sequence of Events During the Wastage of the Ice Sheet
A detailed story of the deglaclation of the area is not

possible. The ice sheet downwasted, the ice remaining longest in

the valleys. Fluvioglacial erosion took place at high levels and

a meltwater drainage system developed that ignored the underlying

relief. Parts of this drainage system were superinposed on to

the underlying relief. The meltwater streams in this drainage

systein/
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system flowed from south to north in Areas I and II and ffom

south-west to north-east in Area III. When large areas of land

had emerged above the ice surface the original meltwater drainage

system was modified and the meltwater streams flowed along the

side of, and later on the bottom of, the main valleys. Most of

the fiuvioglacial deposition occurred during this second phase.

When movement of meltwaters north-eastwards out of Area III

ceased, the only escape route was down the Tweed Valley via the

Lyne and "Earth Valleys. Since the surface of the ice sloped

towards the north-east the first ice to become thin and later to

disappear would have been in the north-eastern part of Area III.

When the north-eastward movement of meltwaters out of Area III

stopped, subglacial drainage occurred along the Lyne and Tarth

Valleys towards the Tweed Valley.

Around Tweedsrauir (Area I), Stobo and Hallyne (Area II) and

West Linton (Area III), subglacial deposition is postulated

although it is sometimes based on lack of evidence of proglacial

and supraglacial deposition. Throughout the thesis area there is

no evidence of retreating ice fronts during the wastage of the

ice sheet. There are no recessional moraines with associated

outwash spreads. There is also an absence of kame and kettle

topography apart from the West Linton area. It is suggested that

subglacial, englacial, eupraglacial,and proglacial deposition

took place but the strongest remaining evidence is of subglacial

deposition. The final meltwaters and post-glacial river action

have/
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have cut into the fluvioglacial deposits, so much evidence has

presumably "been destroyed,

vl. The Valley Qlaclation

After the final wastage of the ice sheet there was a local

re-advance in the Tweedsxnuir Hills (Area I), A series of end

moraines in the upper parts of four valleys indicate that these

valley glaciers descended to about 1100 feet*

3# Methods of Formation of Meltwater Channels

The mapping of the meltwaier channels in the thesis area

indicated that there were tliree main types. The morphology and

position of some of these channels suggested some ideas on which

to base hypotheses of the processes involved in the formation of

meltwater channels#

i# Marginal Channels

There are few channels that could have been formed at the

ice margin in the thesis area. Borne benches and a few channels

parallel to the contour pattern were mapped but they could have been

formed submarginally.

It is possible for a marginal bench cut by meltwaters flowing

between ice on one side and rock on the other, to develop into a

channel# After the cutting of the bench the ice surface could be

lowered due to further ablation and the course of the meltwater

stream could be incised into the spur. This type of channel tends

to/
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to follow the contour of a spur "but cuts through the crest of the

spur parallel to the former ice margin (Fig# 23)*

ii. Superimposed Channels«•» ■ 11m—w>•>**m #####**«w»

Channels of this type are very common in the thesis area. They

were cut "by meltwater streams flowing in channels either on or in

the ice* These channels cut through the crest of a spur or ridge#

Up-down long-profiles in meltwater channels could he produced

by the superimposition of an englaclal stream on to a spur or ridge#

(Fig. 43), After the normal superimposition process, the meltwater

stream was able to cut down much more quickly in the ice than through

the rock of the spur. Frequently an up-down long-profile that has

a short "tip" and a long "down" is formed,

iii# Subglaeial Channels
SubgX&cia! erosion accounted for most of the meltwater channels

in the thesis area. Frequently subglacial channels descend one

side of a spur or ridge on the lee side (in terms of the direction

of ice movement). They probably utilized weaknesses in the ice#

Many such meltwater channels terminate part way down a slope at which

point the meltwater became englacial,

4>, Glacial Chronology In the Eastern Southern Uplands

The absence of large scale moraines and datable deposits leaves

many unanswered questions about the chronology of the glaciation

of the eastern Southern Uplands. The* ice sheet, the dissipation

of which is discussed in this thesis, -was presumably part of the

Scottish/
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Scottieh Re-advance. Charlesworth'e Larcmermuir-Stranraer Moraine,

a part of which passes through the thesis area, is merely mounds of

fluvioglaci&l sand and gravel resulting from the melting of a part

of the Southern Upland ice sheet.

The valley glaciatlon recorded in the Twoedairniir Hills and said

by Geikie (1894) to be contemporaneous with the valley glaciers of

the Highlands that ploughed up the deposits of the "100 foot sea"

is possibly comparable with the Perth Re-advance (Zone I) of the

Highland border. No datable deposits have yet been recorded to

support this statement.

The thesis area only contains evidence of two glaciations. The

first was in the form of a great ice sheet that probably submerged

even the highest hills, and the wastage of which produced large

amounts of meltwater that eroded deep channels high above the

present streams and deposited large masses of sand and gravel.

Whether or not the ice sheet had finally disappeared before there

was a recrudescence of glacial conditions is not known. The last

glaciers to occupy the eastern Southern Uplands existed in the

Tweedsmuir Hills.
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APPENDIX X

The Occurrence of Tlnto Felsite in the Drift

of the Thesis Area

The presence of felsites in the drift in various parte of

the thesis area made it possible that the distinctive Tinto felsite

described by McCall and Goodlet (1952) was present. If it could

be proved that some of the felsites collected within the thesis

area originated from Tinto Hill (Pig. 61), then the direction of

ice movement, at least in the basal layers of the ice sheet, could

be established.

Fifty seven specimens of felsite were collected from till

and fluvioglacial deposits in the thesis area. The use of felsites

obtained from fluvioglacial deposits, to indicate the direction of

ice movement, is open to some criticism as they are obviously not

obtained from the place where they were deposited by the ice.

However, it is unlikely that felsites occurring in fluvioglacial

deposits have been carried for from the place where the ice left

them. There is no contradiction between the evidence provided by

felsites obtained from the till and those obtained from fluvio¬

glacial deposits.

From the felsites collected, thin-sections were obtained.

Dr. A.L. Harris kindly studied these thin-sections and provided the

following/
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following descriptions and conclusions.

"Four types of felsite were encountered

i) Fine-grained felsite consisting of plagioelase felspar and

quartz with a granular texture frequently porphyritic with

phenocrysts of quartz and plaglociase.

ii) Porphyritic felsite with phenocrysts of plagioclaae lying in

a groundiaass co nsisting of randomly orientated plagioclase laths

and interstitial quartz.

iii) Felsite consisting of quartz crystals that retain within

them laths of plagioclase that frequently show textural variations.

Some of the enclosing crystals contain plagioclase laths that have

a radial disposition, while in other cases the included plagio¬

clase laths are concentrically arranged parallel to the margin of

the enclosing crystal, the core of which is characterized "by a

random orientation of minute plagioclase laths. Other types

show a completely random disposition of Included plagioclase laths.

Most of the larger quartz grains are xenocrysts. Pelsites of this

type vary considerably in grain size though the coarser varieties

are less cornnon than the fine.

iv) Porphyritic felsite with well-developed fluxion texture con¬

sisting of aligned plagioclase laths.

All these types can be matched in the G-eological Survey's

collection of thin-sections of rocks collected from Tinto Hill.

However, type (i), the granular variety, can be matched elsewhere

such as in the feisites of the Glenwhappen Burn in the upper Tweed

Valley/
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Valley. The other varieties have not "been recorded except on

Tlnto Hill (McCall and Goodlet 1952, p. 4Q2)rt.
The distribution of the felsitcs that can he definitely

related to the Tlnto intrusion are indicated on the map (Fig. 61)

by one symbols while those granular varieties which my have come

from localities other than Tinto are shown with a different symbol.

It can be seen that the distribution of Tinto felsite within the

thesis area indicates that ice, at least in the basal layers of the

Ice sheet moved through the Biggar Gap and continued down the Tweed

Valley. The occurrence of Tinto felsite in the Broughton Bum

Valley, TarthValley, Melrlon Valley and Sddleston Valley suggests

that in the basal layers of the ice sheet there was a movement

northwards from the Tweed Valley. No felsitcs that originated

from Tinto Hill were found in the Tweed Valley south of the Biggar

Gap.

Although it was not possible to prove that the felsites, other

than those related to Tlnto Hill, found in the Tweed Valley origin¬

ated from outcrops of felsite in the upper Tweed basin south of the

Biggar Gap, it seems most likely that there were two components In

the movement of the basal layers of the ice sheet that covered the

thesis area* Ice moving down the Tweed Valley from south to north

was joined by ice moving from the vicinity of Tinto Hill, through the

Biggar Gap. The occurrence of Tinto felsite to the north of the

east-west section of the River Tweed implies that not only did the

combined upper Tweed and Biggar Gap ice continue down the Tweed

Valley but streams of this ice moved up-hill through the valleys of

the Broughton Burn, Meldon Burr, and Eddleston Water.
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A P P F N D I X. II

The following data arranged in tabular form was

collected during field-work. All the statistics

are estimates as no measurements were taken.

The lengths of channels are quite accurate as

they were primarily determined from air-photographs.

The depth of 3. channel is taken as the vertical

distance from the floor of a channel to a line

joining the upper limits of each side.

The following abbreviations are useds-

S - Solid; D - Drift; F.P.F. - Flat-peat floor.
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P.P.?. Starts at crest. Descends N.side.

P.P."', Starts at crest. Descends N.side.

P.P.?. Descends N.eide: becomes bench
that follows contour.

w. r< t?

rj p tp
i • J. •• *

v p ^t • J • •

P.P.?. Descends N.slope.

Complex pattern: probably

peat-filled channels.

P.P.?. Starts as bench: develops into
channel.

Bench

Possible gully.

P.P.?. Sinuous ~ becomes bench.

Possible gully.

Tributary of 23.
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CD
Jh
i—1
tiO
•H
P=h

17

fH
P
ft
CO

<u

a
re
r-1

O

CQ
Tj
ft

ft!
ft
Ca)
P
a
Pi

ft
ft

p;
ft
ft
®
o

w

ft

ft
P
•H

r—I
rei
•H

CD
ft
re

Comment£

23 210 25 20 E Starts as bench: sinuous.

24 60 12 2P- S Peat-filled.

25 270 30 50 S F.P.F. (in places). Sinuous: starts as
bench: c its thro igh spar.

26 130 15 30 S Descends N.side with steep gradient.

27 60 20 25 S Starts on N.side of spur.

28 60 6 15 S Cuts through spur: descends N.side: steep
gradient

17

17

B 1

2

3

4

5

6

7

8

9

10

11

12

13

90

CO
ft —

270

30

210

180

180

300

90

30

60

30

120

25

6

10

15

6

15

12

10

15

6

6

30

30

80

15

20

25

15

35

30

15

30

20

15

S

S

s

Hat bench: could be peat-filled channel

Hat bench: could be peat-filled channel

P .P.Cut s through spur.

Distinct feature - follows contour.

Shallow - bench in places.

P.P.?. Sinuous.

T .P.w. Starts as bench.

Starts as bench - develops to V-shaped
channel.

Ohannel. Develops into bench.

B nch/channel.

?.P7. Starts as bench.

240 10 25 S Starts on spur crest ■-& channel,
becomes bench that follows contour.
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id
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CD
P

i 1
i—1
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Ccurrent 3.

-p 77 <~f
-p

•H
P

Ph
n

cd Ph -P

IP o 1*3

17 C 2 400 10 25 s Starts on spar crest as channel, becomes
bench that follows contoar.

3 410 10 25 s Starts on spar crest as channel, becomes
bench that follows contoir.

4 500 15 40 s

5 210 10 15 s Bench/channel.

6 150 10 30 £ Bench/channel.

7 140 10 30 o
u Deepens as it descends slope.

8 180 15 40 s Bedpans as it descends slope.

9 90 20 s Bench.

10 90 20 s Bench.

11 300 10 ?5 s Sinaoas.

12 140 10 '30 s

13 270 15 30 s Starts as bench.

14 240 6 15 s

15 90 15 20 s

16 90 15 20 s

18 D - - - - -

18 17 1 280 40 60 s '̂ • p) e •

!

18 P 1 150 20 s Bench.

2 90 20 s Bench.

3 150 30 40 s

4
1

90 20 c;o Bench.
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ARFA I.

'

CO
•

CD 7u i—|

Pa i—1
Q
•H

Consents

'.J
h
O

O
-P
TT1

CI)
-P

o h—5 Q

18 F 5 450 25 60 C
o F»P,F. Cuts through crest: sinuous.

6 240 10 40 s P.P.?.

7 480 10 30 s F.P.F. Cuts through crest: descends N.side

8 480 10 30 s F.P.T.

9 120 10 s Bench.

10 300 15 s Doubtful bench.

11 330 6 30 s Sinuous: varies in depth end width.

12 360 50 s Starts as wide bench: narrows to channel.

18 G 1 240 20 s Bench: doubtful.

2 240 20 s Bench: doubtfil.

3 360 15 35 s ^.P.17. Sinuous: starts as bench. Descends
N. side.

4 330 15 35 s P.P.P. Sinuous: starts as bench. Descends
TT.side.

5 240 25 40 s Starts as bench.

6 150 6 20 s

7 120 6 20 s

HILL ^ND

18 1

2

150

210

6

6

10

10

s

s

3 40 15 10 Q Irregular floor: sinuous.

4 180 15 10 o Sinuous.

5 150 10 10 s

-
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0
£h
P
U)
•H PH

CO

I—1
0
£2}
p
p
&
O

CO
TJ
r^>

-P
QD
P
0
Pi

-P
<P

w
*Tj

-4

(.0
•H

0
-P

Comn.enK

18

19

18

H

GrRANGr^ HILL

1

2

3

4

120

180

210

120

12

12

10

6

10

10

15

10

S

S

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

150

90

150

100

420

300

330

60

360

450

60

210

270

240

25

25

25

20

40

40

30

20

40

40

15

6

2^

20

20

20

20

20

25

20

20

30

30

5

15

15

25

S

s

E

S

S

S

S

s

E

1

2

380

360

6C

30

30

V-shaped.

V-shaped.

V-shaped.

V-shaped

V-sh':iped.

V-shaped.

V-shaped.

V-shaped.

V-shaped.

V-shaped.

Bench.

Terminated "by subglacial chute

Terminated "by subglacial chute

Steep profile.

60 S P.P.?. Cuts through spur.

60| S Sinuous: irregular gradient,

151 S Bench.



-223-
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1 O
T)
t>* -p

Pi

CO
T?)
KU) i—1

cd
•H

Comments
CD

r~:

CD
r—i

,3
_L*1 c]Si

u
M

£
Sh
i-*H

o

'uij
O i

-P 1)

•H &
r.O Dl

>— 1

CD
a

♦H
k • J

18 I 4 90 15 c: Bench.

5 210 15 s Bench.

6 300 15 25 ?

7 900 20 30 D Sinuous.

8 70 12 1F- D In/oat.

19 J 1 120 30 S P.P.P. - Bench.

2 240 20 40 s ^.P.P. Only 8 yards wide at S. end.

3 360 20 30 s Sinuous: steep sides.

A 210 20 50 s

5 270 25 40 s V-shaped.

6 300 15 25 s P.P.P.

7 330 40 30 s V-shaped.

8 330 30 40 s P.P.P. Cuts through crest.

9 270 15 45 s P.P.P. Cuts through crest. Starts as
"bench.

10 270 30 25 s ^.F.P. Bench with 30 foot back wall,
becomes V-shaped channel.

11 150 15 25 s

12 240 20 30 c: P.P.P. Cuts through spur crest. G-entle
gradient.

13 270 15 30 s P.P.17. Bench: cuts through spur crest as
channel: bench.

14 210 15 30 s '.P.P. Bench: cuts through spur crest as
channel: be^ch.

15 240 15 45 s ".P."'. Starts as bench. Cuts around and
through spur.
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n
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!>»
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'1 Material
Commento

19 J 16 210 15 30 S F.P.F. Starts as bench - channel through
spar crest - descends N. side.

17 150 10 30 S F.P.F. Through crest.

18 300 ? 30 ? Possible peat-filled channel.

19 90 6 30 s .P.F. Peat-filled.

20 60 10 12 s

21 180 6 15 o
kj

22 60 6 20 s

23 90 12 25 e
wj

24 120 25 40 s

25 90 25 30 s Up-down

26 120 12 25 ?

27 90 20 20 s Sinuous.

28 90 12 20 s

29
•f.

90 20 30 s

30 60 12 20 ?

31 120 15 20 D

32 420 20 -J A3^ D

19 K 1

2

3

4

5

6

240

120

210

120

600

480

10

6

10

30

30

30

20

10

10

20

20

15

s

s

s

s

s

s

F.P.P.

V-sha.ped.

V-shaped.

V-shaped.

V-shaped.
Doable channel.

V-shaped.
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CO
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U

•H
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P
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Q
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•H

•H
P
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-P
Q5

19 L 1 120 12 20 s

2 180 12 15 s
>

3 360 15 30 s P.P.P. Bench - channel - "bench.

4 240 15 15 s Sinious. V-shap ed.

19 M 1 210 15 20 s Gully-like feature.

2 150 15 25 6 Gully-like feature.

3 60 10 15 S Gully-like feature.

4 150 15 20 s Gully-like feature.

5 180 20 30 s Gully-like feature.

19 N 1 90 30 s Bench.

2 90 15 40 s

3 90 50 s Irregular bench.

4 60 30 s Irregular bench.

5 60 6 10 s

19 0 1 60 60 s Bench.

2 90 10 30 s

3 30 10 s

4 180 s

5 150 5 s

6 90 60 s Bench.

7 60 30 s Bench.
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CD
U
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w
■H Spur Channel

CO
Tj

KC
£
CD
PI Depth(ft.)

CO

rd
-P
TZ*
•H

tlaterial
Comments

19 Q 1 90 20 20 kj Y-shaped.

2 270 20 15 S V-shaped.

3 90 25 20 s Y-shaped.

19 R 1 600 40 70 s '4 • •

19 S 1 180 12 20 s V-shaped.

2 150 8 s Bench.

3 60 10 5 Bench.

4 240 15 s Bench.

5 270 10 s Bench.

6 150 15 s Bench.

7 120 10 s

8 180 12 15 s

9 90 12 20 s

10 40 10 20 s

11 90 15 s Bench.

12 370 12 15 s

13 90 15 s Bench.

20 T 1 60 10 s Bench.

2 150 30 s Bench.

3 240 10 s Bench.

4 210 20 s Bench.

5 120 xo 15 s Doubtful chute.
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Gommento

20 T 90 15 15

20 U

20 1

2

3

4

5

6

7

8

210

180

180

180

240

60

300

480

10

10

10

15

30

60

30

15

15

20

30

30

40

V-shaped.

40

40

S

S

s

s

s

E

Gully-like.

Sinuous. Irregular gradient. Starts as
b nch. Cuts through spur and descends
N. side.

Plunge - channel connected with 5.

Irregular long-profile. No infilling.

?.P.F. S.end is 20 ft deep V-shape
channel. Develops into 40 yd bench.

20 W 1

2

3

4

5

6

7

8

390

60

60

240

180

330

4801

240

15

10

10

75

15

40

00

40

15

15

100

30

60

50

20

S

S

s

s

P.P.F.

Plunge pool? Sinuous. Steep sides and
back wall.

Sinuous. Irregular long-profile.

V-shaped. Cuts through crest.

Sinuous. Irregular gradient. Up-down.

Bench.
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cd
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Comment:

20 1

2

3

4

5

6

240

180

60

300

90

210

50

30

15

10

20

20

40

40

20

20

20

30

S

S

s

?

s

s

V-shaped.

V-shaped.

V-shaped.

V-shaped. Sinuous.

V-shaped.

V-siiaped. Sinuous.

20

3

A

5

6

7

8

180

120

.90

180

60

300

60

180

20

12

5

10

6

25

6

10

30

20

20

-0

15

30

15

30

s

s

s

s

s

D

D

D

TJp-down.

20

11

LAIGH HILL and CRAIG Hr'AL

All channels are 5-16 yds wide; 6-15 ft
deep; V-shaped; cut in solid rock.

1

2

3

4

150

120

90

150

20

20

15

15

20

20

15

15

S

s

LOV. ER GAMRSHOPE VALLEY

Irregular floor.

Sinuous. Irregular long-profile,
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CO

CD
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F J
•H
fq i 5 Channel Length(yd

-p
rH

'

LH
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a
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-P
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•H

i—1
cti
•H
U
CD
-P

PH

Corrme' ts

28 A 1 150 30 40 s

2 130C 10C 200 s Up-down.

3 600 so 100 s Up-down.

28 B 1 180 15 20 11

2 60 6 20 s

3 60 6 20 s

4 60 8 20 s

5 60 10 20 s

6 60 10 20 s

7 60 6 20 s

29 C 1 100 6 30 s

2 60 15 15 s

3 90 20 20 s

4 120 6 20 E

5 90 6 20 s

6 350 12 20 s Sobglacial chute.

7 450 12 80 c Subglacial chute.

8 350 25 60 s Subglacial chute.

29 D 1 500 30 70 s Steep sides. Irregular loof -T)r0 •

2 450 30 50 s Steep sides. Irregular long-profile.

30 E 1 900 50 LOO e Cuts through ridge. Up-down.
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AR"A. II
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CD
jC

r j
•H
i H

PH

ch
O Channel

CO
rd

-P
f

r-|
U
h-3 Depth(ft.)

CO
Ti

-P

•H 1'aterial
Comments

30 E 2

3

250 20 20 ?

Extent of meltwater erosion difficult to
determine.

4 700 20 70 D

30 P 1 60 10 30 S

2 90 5 30 S

3 120 20 15 S

4 180 40 100 s

5 240 3C 80 s

6 60 15 s Bench.

7 60 15 s Bench.

8 120 20 s Bench.

9 300 20 100 s Up-down. Irregular long-profile.

10 450 60 170 o Steep gradient. Irregular long-profile.

p 11 150 10 60 s •

% H 1 120 6 25 s

2 180 15 30 s -

3 90 20 s Bench.

4 150 15 20 s

5 90 10 15 s

6 600 12 20 s Irregular long-profile.

7 210 10 30 s

8 60
:

5 10 c;
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Figure fH

PH
w

i—1
0
£-
£
cd

_ r~\
O

CO

T?

P!
-P
I.J
£
0
PI Depth(ft.) Jidth(yds) r—I

cd
•H
£
0
-P
cd

Comments

CM
H 9 180 20 50 s Irregular long-profile.

10 15 30 s Variable width and depth.

11 200 25 30 s

12 300 15 40 ?

31 0 1 150 15 20 5 V-ehaped.

2 90 15 20 s V-shaped.

3 180 20 30 G
w V-shaped.

4 90 40 30 S V-shaped.

5 60 20 20 s V-shaped.

6 90 10 20 s

7 90 10 30 s

8 60 12 20 s

9 300 15 20 s

10 300 15 50 s

11 600 20 100 s

12 650 15 50 s

13 300 20 80 s

14 160 30 40 s

15 90 6 30 £

16 150 15 60 s

17 180 20 s Bench.

18 250 20 s Bench.

19 180 15 20 £*
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CD
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Uu
•H
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ro
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CD

5
cti

O Length(yds) Depth(ft.;
CO

r---v

rCl
-p
rC>
•H

i—1
cti
•H

_p
J.*J

Comments

31 0 20 30 10 15 s

21 50 10 15 s

22 180 10 15 s

23 60 25 40 s

24 60 6 15 s

25 60 6 15 s

26 120 15 20 s

27 350 20 25 Q
M

28 250 20 30 s

29 250 20 30 s

30 250 15 25 s

31 90 10 15 s

32 60 6 15 s

33 70 6 15 o

34 90 15 15 s

35 90 10 15 s

36 90 10 15 s

37 180 15 20 s

38 60 15 20 s

32 I 1 60 10 s Bench.

2 180 15 30 s

3 300 15 20 s Sinuous. Irregular long-profile.

4 210 15 20 s



-233-

AEEA II

CD
f-l

'i ! P-<
"O

<.0

CO
Tj

CD
i-3

-p
Ch

-p

•H
P
CD
-P
cd

Comments

32

6

n
«

8

9

10

11

12

13

14

180

100

180

120

150

120

60

150

90

60

10

6

10

12

6

10

15

20

25

15

15

15

15

15

30

15

S

S

s

s

s

s

s

s

F.P.F.

Bench.

Starts as bench. Descends N.side.

Bench.

Bench.

Bench,

33 5

6

7

8

90

120

150

90

10

10

20

20

15

30

S

s

Bench.

Bench.

33 K 70

100 15

15

20

Bench.

33 1

2

150

240 10

15

15

Bench.

34 M 1

2

3

90

210

300

10

10

10

20

20

s

s

Bench.
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n
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J

4~
Ch

XI
-p
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o
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U
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|-'f» 1 I

cd
•H
P
a)

Comenta

L3

35

N 1

2

3

4

5

6

650

450

150

150

120

600

70 40 S V-shaped. Irregular long-profile.

60 30 S V-shaped.

30 20 S V-shaped.

20 20 S V-shaped. Irregular long-profile.

25 30 S V-shaped.

Possible gully - variable depth and widtl

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

60

90

450

480

210

210

240

450

180

210

150

120

190

180

180

450

15

15

20

30

15

15

15

30

5

5

20

10

15

10

15

20

20

30

30

2f

25

25

40

15

15

30

20

15

30

20

50

Q

S

s

s

s

s

s

s

s

V-shaped,

V-shaped.

V-shaped.

V-shaped. Irregular long-profile.

V-shaped.

V-shaped.

V-shaped.

Up-down profile across ridge.

Sinuous

Bench.

Sinuous.
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35 Q
1-

c. 420 20 20 s Starts on. W.side and cits through spar.

3 210 10 15 s

4 180 20 20 s

5 60 6 10 s

6 150 10 20 s

7 210 10 70 o
v.-

8 180 10 25 s

35 R 1 120 15 30 s
Difficult to map owing to

2 90 15 30 s
plantations.

3 100 15 30 s -J

4 100 s Through col.

36 T 1 180 20 40 s

2 90 20 s Bench.

3 90 15 20 s

4 90 15 20 s

5 120 15 30 s

6 150 15 30 s

36 U 1 120 10 40 s

2 180 15 50 s

37 3 /i 50 15 30 s

4 180 10 20 s

5 90 15 s Bench.
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Comments

U'J
P

P-H
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m
H p ■:

•4-

•H
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37 U 6 380 60 150 s Cats through ridge.

7 150 15 s Bench.

8 300 15 30 s

9 360 15 30 s

10 A 50 15 30 s

11 150 10 60 s

12 480 15 40 s F.P.P.

13 120 10 15 s

14 120 10 15 s

15 180 10 15 s

37 s 1 s Through col.

2 210 15 90 &

3 300 30 50 s

4 130 70 s Bench.

5 150 oO s Bench.

6 120 30 s Bench.

39 G 1 150 15 20 s

2 60 10 15 8

3 150 10 s Bench.

4 90 20 s Bench.

5 30 10 s Bench.

6 40 10 s Bench.
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Connenta

39 G 7 120 10 s Bench.

8 60 10 s Bench.

9 90 10 25 s Bench.

10 300 25 30 s

11 500 20 40 D

12 360 30 40 D

13 300 30 90 D

14 150 20 50 D

18 650 40 100 D

40 G1 1 240 15 30 S

2 120 15 30 S

3 180 15 30 S

4 450 20 30 5 .Anastomosing channels: rock knolls.

5 60 6 15 S

6 60 6 15 s

7 60 10 15 s

8 60 10 15 s

9 60 10 15 s

10 300 20 20 s Possible gully.

11 150 15 20 D

12 600 30 90 s

13 90 20 s Bench.

14 150 30 15 £ P.P.F.
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CD
U
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•H

40

&
'

0

CD
P
P
CO

o

15

16

17

18

19

20

21

22

CO

K-}

-P
&J
P
0
PI

90

80

60

100

60

90

90

90

-p

I-
PH
P
Q

10

12

12

15

10

15

CO
fT)

P
-P

15

15

15

70

15

15

15

20

CO
• H
P
0

Comment;

c

S

s

s

s

s

s

p.p.p.

■p.p.".

F.P.P.

Peat-filled col.

Bench.

Bench.

41 1

2

3

4

6

7

180

150

200

130

120

60

150

20

15

15

15

10

25

30

30

30

20

30

20

50

S

0

S

s

s

s

s
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CD
-P
A

Comments

46 A 1 240 15 30 S

2 120 15 30 s

3 180 15 30 s

L 450 20 30 s Anastomosing channels: rock knolls.

5 60 6 15 s

6 60 6 15 s

7 60 10 15 s

8 60 10 15 s

9 60 10 15 s

10 300 20 20 s Possible gully.

11 150 15 20 D

12 600 30 90 s

13 90 20 s Bench.

14 150 30 15 s

15 90 10 15 s F.P.F.

16 80 12 15 s *.P.F.

17 60 12 15 s P.P.P.

18 100 15 70 s Peat-filled col.

19 60 10 15 s

20 90 15 s Bench.

21 90 15 c
K' Bench.

22 90 15 20 s
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Commentt

47

47

48

B

D

1

2

3

4

5

1200

120

120

180

150

40

20

12

40

20

80

40

50

60

60

Sinuous.

S

s

s

s

Cuts through crest,

1

2

1

2

3

300

600

600

250

250

15

50

40

20

20

60

200

40

20

20

?

S

D

I)

49

52

50

E

f

1

2

3

1

2

4

5

6

7

8

700

Iroo

100

1230

150

40

30

30

40

20

40

20

20

60

120

50

150

20

120

60

60

S

S

S

s

s

s

s

Sinuous. Starts on E.eide of divide

Starts at ridge crest.

Starts at ridge crest.

Starts as wide Bench. Pock knolls.

Y-shaped.

Above main channel.
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Comment

50 F 9 100 150 s

10 60 210 c
o East wall steeper than west.

11 60 90 S Steep sided.

12 50 e$6o s Narrows to S.W,

13 450 30 50 s

14 450 30 50 D

15 60 10 20 P

16 300 20 30 D

17 12C 10 20 P

13 60 10 20 D

19 1300 100 300 I)

20 60 10 30 D

21 120 10 30 I)

22 1800 40 120 S

52

53

Cr

G

1

A

<£

3

4

5

6

7

8

9

400

400

300

150

180

150

350

450

300

15

25

20

30

10

30

30

15

20

40

20

30

30

20

20

25

30

S

s

s

s

s

c
K'

s

s

s

F.P.F.

Starts as bench.

F.P.F.

F.P.F.

Sinuous. Steep long-profile.

Sinuous.

Sinuous F.P.F.
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Comment '

53 G 10 180 25 40 ?

11 3330 40 90 s Sinuous. Irregular long-profile.

12 120 15 40 s 20 ft above 11.

13 12)0 20 6% s P.P.H1. Up-down long-profile.

14 150 20 30 ?

54 H 25 60 180 s F.P.F.

26 60 150 s F.P.*.

27 50 150 s P.P.?.

28 50 250 s P.P.7. Hock knolls.

29 50 120 s

30 40 150 s

31 200 30 70 s

32 70 90 s

33 60 90 s

34 600 50 60 s

35 200 15 20 s

3^ 20C 15 2G s

37 3000 15 40 s

38 s At S.W. end - open shallow form.
Develops into 100 ft deep sinuous
channel.

3S 150 15 90 s

4C 360 15 20 s

41 360 30 30 s
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•H Material Comments

55 H 1 150 20 o E

2 900 30 120 S Sinuous - steep long-profile.

3 600 20 100 S

4 550 30 90 Q
W

K
y 360 30 90 S Steep long-profile.

6 2 50 20 30 S Steep long-profile.

7 .600 40 70 E Up-down long-pro c'ile.

8 100 150 E

9 60 10 10 S

10 90 10 10 S

11 90 10 10 s

12 90 10 10 s

13 300 15 20 s

14 100 150 c P.P.P.

15 420 50 120 s

16 120 10 30 s

17 450 15 30 s P.P.P.

18 90 15 30 s

19 300 20 30 s

20 120 15 30 s

21 180 30 40 s

22 100 180 s P.P.?.

83 360 20 40 s Up-down long-profile.

24 L200 20 70 s P.P.P.
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Comments

56 I 1 700 15 30 ?

2 4 50 20 90 ?

3 15 40 D

4 120 10 20 D

5 300 15 30 D

6 450 40 120 D -

7 300 30 150 S

8 500 30 S Bench.

9 400 40 150 s T? p T?i- ® .1 9 * ;

10 200 40 120 3 P.P.P.

11 180 40 100 C;IP

12 350 15 F Bench.

13 300 15 15 ?

14 300 15 15 ?

15 600 6 15 ?

57 J 1 1000 15 25 ?

r\
(T 350 20 25 D

3 350 15 25 1

57 K 1 220 15 20 D

2 360 15 120 ?

3 20 100 ?

4 600 20 50 ?
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