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PREFACE

This research project whilst dealing with one
perticular topic has involved an enquiry into many associated
fields of interest., In all of these the writer has met with
kindness, consideration and help from the persons concerned.

For financial assistance, during the three year study period,

the writer is indebted to the National Environment Research
Council, (formerly D.S.I.R.) for the research studentship
avarded to him, Through an additional grant from the N.E.R.C.
it was alsc made possible to study the features of a contemporary
glacial enviromnment at Breidamerkur Jokull in Iceland in the
summer of 1965.

The writer is indebted %o Professor Miller and members
of staff in the departmentsof geography, geology, botany, zoology
and chemistry, the University of Glasgow, for helpful discussion
and other assistances Dre. J.B, Sissoms and Dr, J. Young, depariment
of geography, the University of Edimburgh and Dr. J.T. Andrews,
Geographical Branch, Ottawa, must also be acknowledged for their
valusble advice. It is particularly pleasant to ackmowledge the
hélp of those who were able to offer assistance and discussion in
the field -« Dr, R.,J. Price, Dr, W.G. Jardine, Dr. K. Thomson,

Mr, Jo. Rose and Mr, P, Howarth of the University of Glasgow, and
Dr. L. Dutkiewicz, the University of lLodz, Poland. Mr. A, MeGiven,
department of geology, University of Glasgow, gave much of his own
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valuable time in examining end identifying the rock types of
the gravel and till samples.
In the investigation into the Sand and Gravel
Industry the following firms were kind enough to complete the
quastionnaire iw
Alexander Russell & Co, (Glasgow) Ltd.
Alexandra Transport Co.Ltd,
Jda Ande;:aon and King Ltd.
Aughinlea Send and Gravel Co.Ltd.
Auchlochan fstates Co. Ltd.
J.M, Filshie & Sons.Ltd.
Kings & Co. Ltds
Redland Quarries Litd.
Shanks & MeEwan .
Tinto Sand & Cravel Co.Ltd.
additional relevant hfamata_an was supplied by:
James Barrie (Sand & Gravel) Ltd.
Robert Paterson & Sons Ltd.
springbmk Sand & Gravel Co.Ltd.
Forth Valley Sand & Gravel Co.Ltd.
‘ Kep.gotha Bu_ildins hServices Ltd.
P, Caulfield & Co.Ltd.
Callander Sand & Gravel Co,Ltd.
Thomson MeLintock & Co. ‘
The Planning Dept. Lanark County Council.

The Road Engineer's Dept. Lanark County Council.
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The Water Fngineer's Dept. Lanark County Council.
Baptie,Shaw & Morton,Ltd.

Christiani Shand & Co.Ltd.

The Building Research Station, Thorntonhall.

HoM. Geological Survey,ldinburgh.

Scottish Development Départment. Edinburgh.

The Sand and Gravel Association (S.A.G.A.) of Great Britain,

In the preparation of the thesis Miss MeAllister
and Miss Cillies (typists), Mis. McNeill (Xerox Process) and Mr,
Gerrard, (photography), provided invalusble assistance. Miss Robertsom,
(cartographer), advised on the preparation of the maps and diagrams and
accounted for the bulk of the lettering and titling. The line work,
apart from Figs. 19, 45 and 46 is my own.

Finally the writer is especially pleased to acknowledge
the helpful advice, criticism and encouragement freely made
available throughout the three year period by Dr. R.J. Price, the

research supervisor of the project.
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INTRODUCTION

1. The Subject
This thesis is an investigation into the

"Distribution, Morphology, Origin snd Use of Sand and Gravel
Deposite" in a specific area of Scotland, It therefore concerns
a wide renge of topics, from the location, external form and
composition of sand and gravel 'dapos:lts,' to economio feotors
affecting their utilisation. All of these topics, from physical
to econonic, are inseparably interrelated, and for each, a
separate study is required before any general conclusions can be
made, \

lMost of the sand and gravel deposits in Scotland are
the result of fluvioglacial action during the melting of the last
ice sheets, For a full understanding of the distribution and
qualities of these deposits, it is therefore necessary to determine
the source and directions of movement of the ice sheets and the
conditions during deglaciation when the deposits were being laid
down.,

In short, the first task was ‘a complete survey of
the glacial geomorphological evidence throughout the area.

The Scottish Sand and Gravel Industry, which utilises
the deposits of thia glacial period, is very much involved in
meeting the requirements of Scotland today. New houses, factories,

notorways, redevelopment and expansion, all reguire the basic

pmducta/
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products - sand and gravels This thesis, therefore, not only
links the glacial period with the present, but also permits the

application of acedemic research to a problem of economic importance.

2, The Ares
The extent of the area to be studied wes determined
by the time allotted for field-mapping (two summer field seasons).
The actual location of the area was determined by three factors:
(1) The occurrence of considerable sand and gravel deposits.
(2) Proximity to Glasgow and the Clydeside Conurbation, (The
largest market for sand and gravel in Scotland).
(3) An interesting, yet uncertain, glacial history which indicated
a need for further study.

An area of three hundred square miles in Lanarkshire
was finally selecteds It excludes the northern and southern sections
of that county and,although it includes small parts of eastern
Ayrshire and Renfrewshire, the area will henceforth be designated

Central Lanarkshire. (Fig. 1).

Central Lanarkshire admirably satisfies the first two
conditions, as it contains numerous send and gravel deposite, many
of which are already being extensively worked, and it is nowhere
more than forty miles from the centre of Glasgow, As a result,
this area is of great importance for the supply of concreting
material to the Clydeside conurbation areas The third condition, too,

suggested/
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suggested this area. A survey of the relevant glacial literature
indicated that Central Lanarkshire is presumed to have been
glaciated, probably contemporaneously, from at least two different
directions. Considerable controversy exists, however, as to the
areas affected by ice of Highland and Southern Uplend origin
respectively. Despite this uncertainty, the glacial and
fluvioglacial features of the larger part of the area have never .

been mapped in detail.

Central Lanarkshire, therefore, appeared to offer

considerable interest in all three decisive aspects.

3 Need for

The rapid growth of the sand and gravel industry since
the Second World War has left many people unawere of its importance.
In 1936 one million tons of these two commodities were produced in
Scotland, but by 1965 this figure had increased to an annual
output of seven end a half million tons, (Ministry of Public
Building and Works Annusl County Production Figures). A recent
report, (The Scotsman, ‘dinburgh, p.2. February 2nd, 1966) suggests
that the Scottish Sand and Gravel Industry will supersede coal,
over the next few years, as the biggest extractive industry north
of the border. The Economist (p.1444 December, 1965) contains a
report on "Dwindling Resources", and discusses abnormalities arising
from the acute shortages which are already occurring, e.g. crushed
rock from Wales is being used to build roads in South East Fngland,

Peculiarities/
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Poculisrities such as this are also found in Scotlend. One Loch
Lomondside pit has frequently delivered gravel to Dunbar on the east
congt of Scotland, whilet gravel has been brought by rail from
Invernoss to Clasgow, & distance of almost two. hundred miles.

" The following statistics indicate the huge quentities
of pand and gravel which are required by the construction industrys
One ton of concrete contains seventeen hundredweights of sand and
gravel, one mile of modern road requires eleven thousand tons of
sand and gravel, and a major airport would require three million tons.
(Sand snd Gravel Association Publication No. 2)s It is not surprising
therefore, that, with the tremendous redevelopment schemes of the
Clydeside Conurbation and the Covermment and Local Authority
industrial snd road programmes, an enormous demand is being made on
the sand and gravel resources in Central Scotland., [Howhere is this
more evident then in Lenarkshire where production of Sand and Gravel
exceeds that of all other Scottish counties. (One end e half million
tone in 1965).

Yet despite the undoubted importance of this industry
there are only a few detailed sources of information on Scottish send
end gravels ‘These include, the emnual county production statistics,
published by the Ministry of Public Building and Works, a report by
the Department of Seientific and Industrial Hesearch, published as
pert of the Wartime Pamphlet Series (No. 30, 1946) end also published
separately by Professor J.0.C, Anderson, who carried out the survey

in a booklet entitled "Scottish Sends and Gravels" (British Limemaster).

A/
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A third publication by the Monopolies and Restrictive Practicas
Commission, on "Sand and Gravel in Central Scotland" (1956) is mainly
concerned with investigating the pricing structure of the industry
and only superficially with the raw materials. There exists,
theréfore, in the literature very little information on the
distribution of resources, the rate at which they are being exploited

and the expected life period of those remaining.

The production of send and gravel is an integral part
of the construction industry and a knowledge of the preceding facts is
essential to the future wellbeing of both. The present investigation
would seem not only necessary but long overdue.

It is probably relevant at this point to indicate
another way in which this thesis is felt to be necessary. The reasons
for the geomorphological investigation have already been stated, but
the available literature on this subject offers several contradictory
theories. Much of this uncertainty appears to have been caused by
theories of regional glaciation which have been based on only localised
research, The present work has the advantage of a now more abundant
literature than before of landforms and stratigraphy throughout the
area, These advantages together with the availability of new concepts
in the theory of glaciation and deglaciation have made this an
opportune time to have a "fresh look" at the regiomal pattern of

glaciation in Lanarkshire.
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4. lethods and Techniques

The first major task was the mapping of the glacial
and fluvioglacial deposits and landforms by stereoscopically studying
air photographs, on the scale of 1: 10,000 and transferring all the
relevant identifiable landforms on to the appropriste Ordnance Survey
six-inch sheets. These maps were than taken into the field and
additions and alterations made where necessary. During fieldwork
21l the available sections were noted and the information on the
nature of the superficial deposits and their stratigraphy was
recorded.

A number of good exposure sites were chosen which
appeared,by their distribution, to afford a fairly representative
sample of drift conditions throughout the area, It was hoped that a
close examinstion of these sites would provide detailed information on
the different directions of ice movement and on the charscteristics of
the superficial deposits in the area, The detailed investigstions were
of two types. Firstly, for the tills, an orientation analysis of the
till fabeie was takin. Fifty stones whose "a" axis was notably longer
than the "b" axis were normally chosen and for these the direction and
degree of dip of the longer axis was measured and the results recorded
on a three hundred and sixty degree Polar Equidistant Projection,

(Dry JoT. Andrews in a personsl communication, 15,6.66, indicated
that a sample of fifty stones taken in this way is as valid as one
of one hundred), Other suthors too have agreed on the validity of
this/
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this sample size. (CeA.M« King, 1965, pe 75)s Since, however,
there is still much dispute as to the significance of fabric
studies (J. Young, Analysis of Glacial Deposits near Tala,
Midlothian, unpublished Ph.D. Thesis, University of Edinburgh,
1966) no statistical investigations were carried out. Two
bagic assumptions were made, If the till fabric has a "good
pattern” them, (1) the strongest (preferred) orientation indicates
the alignment of the movement, and (2) the dip maximum indicates
the source of the ice movement., To give an approximate idea of
the strength of the orientation the apparent peak meximum is shown
on the till fabric diagrame and the percentage number of stones
which lie in the associated "peak maximm" quadrant (i.e. within
45° on either side of the apparent maximum) is calculated,

Random field observation of erratic distribution and
rock type contents was thought to be an unsatisfactory method of
collscting data which has considerable potential in explaining ice
movement directions., To attempt to place this on a firmer
statistical footing the following procedures were carried out,

To assess the percentage composition of the rock types found in
tills a representative sample of fifty stones greater than three
sixteenths of an inch in diameter was taken, (obtained during
laboratory sieving operations),  For gravels, a random sample

was obtained in the field and after washing and quartering in the
laboratory, the rock types of a sample of fifty stones was noted,
Where the gravel deposit concerned was being actively worked, washed

and/



wfe
and graeded semples of coarser and finer gravels were also made
available by the owners which allowed a fuller inspection of the
factors affecting the variation of rock types in commercial gravel.
In all of these tests it was found, by repeated experiments, that
fifty pebbles gave a representative sample of the roek types
involveds Some orientation studies were carried out on send and
gravel deposits, particularly when these were well stratified.
Particle size snslyses of lake deposits, fluvioslacial outwash,
eskers and other distinet morphological festures were undertaken
in the hope that they might provide further information on the
conditions of deposition and commerciasl potential of different
landform features, The actual procedures involved are described
in the relevant chapters of the text.

The sieving programme was also extend=d to the tills,
From thirty of the sites already mentioned representative samples
were obtained, (conforming to British Standards 1377 pe 17), in an
attempt to determine any relationships between the $ill characteristics
of colour, particle size composition, rock types, source and
regional veriation. These samples were sieved under laboratroy
conditions using coarse sieving and hydrometer analysis methods.
(See Appendix 1)» The results of all the particle analyses were
plotted in graph form.

Another source of useful information into the sube
surface conditions, even when exposures are not available, is borehole
records. Unfortunately, since most of Central Lanarkshire is to
the/
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the south of both the main coalfield and the Clydeside Conurbation Area,
this borehole information is more limited than is usual for Central
Scotlands, Two main sources of records are available., The
Geological Survey of Scotland headquarters in Edinburgh has collected
a large number of these records mainly from the private coal mining
companies prior to nationslisation. Many of these bores were put
down in the last century with the main purpose of determining the
location of coal sesms, As a result the evidence they contain
relating to drift deposits is often sketchy and requires care in
interﬁmtation. More recently, however, several important road,
sewer and agueduct developmenits have been carried out by public
and private authorities and the boreholes put down for these projects
sre usually of a much highexr standard than those mentioned previously.
They are of considerable assistance in establishing the nature of
stratigraphy of the superficial deposits.

In the Upper Avon Valley there is a particularly well
defined association of fluvioglacial landforms, the interpretation of
which is essential to the understanding of the deglaciation of this
aress The only available large scale map, the 0.S. six inch series,
has a2 one hundred foot contour which does not help in the understanding
of the relationships of these forms. The area also contains one of
the two largest sources of sand and gravel in Central Lanarkshire,

For these reasons it appeared to merit considerable attention and much
of it was accurately surveyed using a Kern automatic level. With
the 0.8, six inch map providing a base for the location of the

levelled/



=10=-
levelled points, a grid of points, whose height was accurately
determined, was constructed. From this data a map with a ten
foot contour interval was constructed, This map provided much
useful information on the origins of the landforms and the

commercizl potential of the sand and gravel resources in the area.

Se sation of the The

Chapter I has so far presented introductory matter
on the scope of the thesis, the need for the enquiry and the
methods used. The remaining sections of this chapter contain
background information essential for a clear understanding of the
text of the thesis itself., This section reviews the organisation
of the thesis.

HMany of the areas mapped have a great wealth of
geomorphological detail and for ease of presentation the area was
divided into three sections, Thue chapters II, III and IV contain
the relevant information derived from the fieldwork evidence in the
separate areas. Chapter V presents the overall circumstances of
glaciation in Central Lanarkshire as indicated by this evidence.

These conclusions on the glaciation and deglaciation
of Central Lanarkshire lead directly on to a discussion of the
deposits of sand and gravel in this area. The relationships
between their fluvioglecial origin, distribution and morphology
will be indicated in the regional chapters but in Chapter VI the
factors influencing the sand and grevel industry in Central

Lanarkshire, whether physical or otherwise, are discussed,

* Chapter/
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Chapter VII presents a summary of the main conclusions arrived

at in the thesis.

In ite locetion snd terrain Central Lanarkshire has
a certain measure of distinctiveness (Fige 1). It is neither
Lowland nor Southern Upland in aspect but combines certain features

of both being a transitional area between the two. Its core is
composed of a series of plateau-like surfaces stretching between

Glassford, Lesmehagow and Braidwood at altitudes ranging from four
hundred snd fifty to six hundred feet. These plateaux are
surrounded by a discontinuous ring of hill masses, Corse Hill
(1,330 feet) in the northewest, and Dungavel/Hagshaw Range

(1,500 to 1,700 feet) in the south-west, the frontal ranges of the
Southern Uplands proper to the south, Cairn Table/Tinto (1,900 to
2,300 feet) and the less continuous foothills of the Pentlands

(800 feet) on the east (Fige 2).

Both the plateaux and the hill masses have been
greatly dissected by rivers, which, as a result of the disposition
of the hill areas, tend to flow towards the north centre of the ares,
@sge the Avon, Nethen, Douglas, North and South Medwins and the
House. All of these are tributaries of the north flowing Clyde.
The only exception is the Irvine which flows westward to the sea,

via the gap at Loudoun Hill, Most of these rivers breach the

encircling/
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eneircling hills to form notable channels of sccess, as important
today as in the distant glacial past.

Since the area is transitional between the Southern
Uplands and the Centrel lLowlands it might have been expected that
the rocks would become younger to the northe Due to the severity
of folding, faulting and ercsion, this ies not the case. Instead,
Silurian rocks, the oldest, ave frequently found adjacent to
Carboniferous rocks, the youngests (Fige 3)s The middle series,
in age, 0ld Red Sandstone, occurs as discontinuous though sometimes
extensive outcrops throughout the area.

Whilst the northeeast to south-west Caledonian trend,
firet initiated in Silurian times, can still be seen to influence
the surface configuration of the southern areass, e.g. the
orientation of the Douglas Valley, most of the area is without any
mavked orientation of geological origin. HNevertheless the varied
scenery so characteristic of the vegion, (M. and A.G. MacGregor
1948 p.1 ), can be direcily related to the geology and for this
reason the mnin groups of rocks will be discussed in some detail,

The oldest rocks in the area are Silurian and largely
of Dosntonien age. They ocour in two districts, (a) the anticlinal
inlier of the lagshaw, Butberry end Dungavel Hill areas, and (b)
an interrupted belt along the southern boundary of the area.

They consist of grey sandstones, grey, flaggy and sendy shales,
blue shale and hands of hard greywacke (A. Geikie et al 1873 p«9).

In/
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In the first area they occur as an upland or hilly dietriet. In
the second area a less perfect relationship is found, and the
Silurien strata frequently underlie valleys, e.g. in Carmichael
Parish to the north of Tinto Hill,

The next formetion found in the area is the Old Hed
Sandstone series. The sctusl junction of the "Old Red" and the
Silurian strate is conformable and has led to considerasble dispute
28 to the age classifications of the various beds concerned. A
zo0d exemple of this is the very distinctive conglomerate 'l/mdn
with their peculiar features, visz. sn abundance of wellerounded
quarts rock fragments, (These quartz pebbles are important in the
study of erratic distribution in later chapters). These beds were
described by Peach, (A. Geikie et al 1873 p. 13), as 0ld Red
Sandstone in age but eppear on more recent geclogical maps as being
of Downtonian (Upper Silurian) age. 7The sedimentary bede of this
age are basically chocolate, grey, green or purple in colour and
renge from mudstones to coarse conglomerates. A separate voleanie
series of old Red Sandstone Age is found along a fault zmone marking
the southern boundary of the thesis erea.

- A very important group of igneous rocks is found
intruded into the lower 0ld Red Sandstone and Upper Silurian strata.
The largest of these intrusions is that forming the Tinto Hill mass,
but they also occur at numerous localitics in a south-west to north-
east belt from Muirkirk to Lesmahagow and reach the river Clyde at
Hazelbank. They "consist chiefly of felstones of various shades,

{zom/
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from white or cream-coloured, through hues of pink into dark
brown", (A. CGeikie et 2l 1873 p. 16)s The locations of these
outcrops are usually strikingly conspicuous, especially where
they are surrounded by less resistant sedimentary rocks, for
they slways form isolated, upstending, hill messes, e.g. the
three Black Hills, Tod Law, Auchrobert Hill and the more widely
known Cairngryffe and Tinto Hills. (Fig. 2).

As already mentioned Carboniferous rocks occur
extensively in the area and underlie at least part of its
boundaries in the north, east, south andwest, There are three
main locations; & northern one from Kilcadzow to Loudoun Hill in
a belt which widens towards the west; the Carstairs/Pettinain/
Carnwath area and an extensive basin to the south and south east
of Lesmahagow extending by & narrow corridor into the Douglas
Villeys Where the boundary lines of the Carboniferous strata
are not faulted they invariably rest unconformably on the rocks
of the 0ld Red Sandstone Age. Sandstones, clays, shales, limcstones,
coal and volcanic rocks are all represented.

The different types of rocks tend to have their own
particular topographic expression. The coal, limestone, clay and
shale groups form the lowest ground in the thesis area. This is
especially true in the northecentral area where the combined
erosive effects of the main rivers have led to valley floors as low
as two hundred and fifty and one hundred and fifty feet above sea
*level in the Avon and Clyde valleys respectively., "The Millstone
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Grit series, where not covered by drift deposits ... everywhere
gives rise to bleak moorlands as in the Brokencross Muir and Poniel Hills"
(A. Ceikie et al 1873 ps 37)e

The volcanic rocks are either in the form of bedded
lavas or intrusive "plugs". The lavas are found particularly in the
north-west and to a lesser extent in the extreme east. "They form
part of the long bank of porphyrites, metaphyres and tuffs which
sweeps round the western margin of the Clyde coalfield", (A, Ceikie
et al 1873 p. 138)s They generally appear as craggy hill masses
rising to just over one thousand feet, Of the intrusive "plugs", so
characteristic of Central Scotland, there is only one of any
morphological importsnce, Loudoun Hill, which rises as a rugged,
craggy, circular mass on the western boundary of the thesis area at
the Irvine/Avon watershed.

These are the most important of the rock formations
and the types of terrain with which they are associated. lMany of
them are vital to the study of glacial history and as such will be

mentioned in their relevant contexts in later chapters.

IV Hesume of Frevious Nork

There has never been a complete and detailed account
of the glaciation and deglaciation of Lanarkshire but a great deal
of useful material has been published on this subject. Host of it,
however, consists of deseriptions of stratigraphy and deposits
gained from one or more exposures. Freguently this purely localised

research has been used as the basis for regionsl interpretations.

interpretations./
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interpretations.

This chapter is aen attempt to review all the
literature specifically relevant to the thesis area. The
intention is %o try to introduce the background of previous
and present ideas on the area in the light of which the present
work was performed. |

The literature available covers a periéd of just
over one hundred years, from 1863 to 1966, Prior to 1863
considerable confusion existed as to the origin of the "drift
deposits" which o&ver extensive areas of Scotland. The Great
Flood and other cataclysmic events 15:9 widely held as the
reasons for their existence. Gradually, however, after the
visit of Agassiz to this country in 1840 and with the spread of
his idees, the theories of glaciation assumed greater prominence,
This process took place étep by step and to fully understand its
development in Lanarkshire it will be useful to look at the
literature in a eimilar menner, dividing it into three parts
according to the date of publication 1863 to 1901, 1902 to 1950,

and 1951 to 1966.

Period = 186
The general realisation of glaciation and its role
in the explantation of the evolution of the landforms of Scotland
cceurred during this period, The development which took place at
this time probably owes more to Archibald Geikie than to any other

man, In 1863 he published his paper on the "Glacial Drift of

Scotland"/
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Scotlend” and in this he gave a general yet detailed account
of the processes and effects of glaciation, This remarkable
work could, with only minor alterations, be as useful an
introduction to glaciation today as it was then. The key
to Geikie's revolutionary insight was certainly his astute
and accurate observations, many of which were recorded in
Lanarkshires

He was first to introduce perhaps the most
important characteristic of glaciation in Lanarkshire; that
it was effected simultaneously from at least two different
direetiéns. "The (ice) streams would abut against end overflow
the chain of the Kilpatrick, Campsie and Ochil Hills; so as to
debouche upon the long central undulating plain of the Clyde and
Forths From the high ground in Lanarkshire and Peebles,
extending north-eastward .+« the ice would, in like manner,
descend upon the plains and join the Highland streams The united
mass would thus cover the wide ares of the Central Lowlands"
(As Geikie 1863, p.83)s This conclusion was only reached after
a careful investigation of the directional evidence of glacial
strise, erratics snd the source areass of gtones found in tills
(Pige 4)s

Geikie also noted and accurately described many of
the most conspicuous localities where the drift of Lanarkshire,
$ill, sand and gravel, laminated and brick clays, could be examined,
One immediate result of his work and its tremendous influence on
hig/
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his followers was that much of the research undertaken since has
been confined to the deposits and sites to which he refers.

Thus, the "Kames of Carstairs", "a network of
enegtamosing sand bars and mounds, enclosing an-endless succession
of basins", (Geikie 1863 ps 113) are probably more discussed in
the literature than any other Scottish geomorphological features.
Other features in Lanarkshire which he found "exceedingly puzzling",
despite further attention and discussion, have been in many cases
no more sabtisfectorily explained since his time, e.ge the
abandoned gorges of the louse Water at Lanark.

Other researchem of this period, e.g. Bryce, 1865,
Hunter 1877 and Smith 1899 described various sections end localities,
all of which provide useful local background materisl, as well as
information on the nature of the deposits. HNone of them, however,
advanced the explanation of -the deposits any further and were even
more uncertain than Geikie as to the relative importance of land
ice, icebergs and marine submergence in their formation. Their
conclusions, therefore, tend to be at variance with each other and
are often misleadings Even in 1900 J. Smith, who presented an
extensive catalogue of exposure descriptions, in his paper, "The
Drift or Glacial Deposits of Ayrshire" still asserted that, "the
great vertical ¢liff on the South side of Loudonhill was very
likely the work of waves, perhaps assisted by shore ice" and that
the smooth bench below, at an altitude of seven hundred feet, was
a "marine terrace"(Mhl)Indeed, becsuse of the misleading origins
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deduced for the shelly drifts, the concept of marine submergence
up to an altitude of 1,100 feet was still held by at lcast .one
other author in the nineteen twenties. (Gregory 1927).

It is from J. Geikie, the brother of Sir Archibald
Geikie, and the regional officers of the Geological Survey in
Seotland that the remainder of the information of this period is.
obtained, J. Geikie provides more evidence as to the directions
of ice movements in Lanarkshire. "The general trend of these
striae show that the ice has moved from the south;. but in the
upper reaches of the Avon Valley and in the hilly district to the
west of Strathaven, the ice markings point away from northe-csst to
south-weste In the Muirkirk district the direction is from south-
east to northewest. At Douglas and Lesmahagow the direction is
from south to north; and from south-west.to north-east, on the flanks
of Tinto". (J. Geikie 1873 pe 41).

He also introduced in his book "The Great Ice Age"
another characteristic fundamental to the understending of the
glacial history of Lanarkshire, "The ice currents were occasionally
deflected and forced to go snother way. The great stream that crept
across the Central Valley of Scotland was certainly at times turned
out of its normal course - now towards the south by the pressure of
the powerful current of ice that poured from the Highlands and again
towards the north when the ice stream coming from the Southern
Uplends overpowered and forced back the other; in short there was
a "debatable ground” between the north and south over which sometimes
the/
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the one and sometimes the other prevailed" (J. Geikie 1894 D.TT).
It can be seen therefore that even by the end of this first
period several very definite impressions of glaciation of
Lenarkshire had emerged (Fig. 4) a variety of deposits had been
described and evidence presented, in the form of beds containing
animel and vegetable remains intercalated in the till, which
indicated warmer phases during the glacial period. (J. Geikie
1894 Chapter IX)e Publications on glaciation and its effects were
abundant in journals. The "submergence theory" was only maintained
by a few individualss The prospect for the future looked bright
indeed.

The Second Period = 1902 to 1950

During the years preceding 1902 the Lower Clyde and its
estuary had absorbed much of the attention and the energy of workers
investigating the regional glacial history as the great mumber of
catalogues of shell information, collected during this period, still
testify. From this time, however, despite a general decrease in the
"glecial 1iterature”, more thought and effort was applied to the
wider implications of glaciation in the Middle and Upper Clyde areas.
Two authors in particular emerge as providing the main attempts at
regional interpretation, Gregory and Charlesworth. ‘Their publications,
congentrating again on the areas described by the Geikies, provided
further material and new ideas on the outlines of glaciation already
provided by the workers of the first period,

Gregory wae still trying to fomulafe definitions and a
terminology/
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terminolegy for gleseciszl end fluvioglacial forms (Gregory 1912s,
1912b) =nd hiz interpretations and now generally discarded terms,
€+ge pmcudo~kames end glacieluvial deposits, have lead many
authors to discount his conclusions (Charlesworth 1926, Linton 1933).
He meintained that the Carstairs deposits were "The typical examples
of Scottish Kames and this, despite many points of external
regemblances to some Swedish eskers ... for they show no seasonal
banding." (Gregory 1915a p. 187).

In his description of the Carstairs deposits Gregory
noted the marked difference between the three main ridges of coarse
gravel, with their sharply defined north-facing slope, and the
moundy, less angular, sendy area to the south. "In the ridges
emongst the bedded gravels with the layers of coarse pebbly sand ...
the stones are always thoroughly waterworn; I have never found a
glacially striated pebble."(Gregory 1915b p. 471). The irregularly
undulating area to the south composed of finer sands and clays
containing many boulders with "well-preserved glacial striae" he
regarded as "clear evidence of deposition in the quiet waters of a
lake" (Gregory 1915b p. 472) 2nd as a result of this evidence he
concluded that the Carstaire deposits were kames laid down by
meltwaters along the edge of two confluent glaciers from the
Southern Uplands, The more southerly inter-kame sands and lacustrine
clays were laid down in a proglacial depression left on the
recession of the ice front. The external form of the kames he

explained by the denudation of the fluvioglacial sheets by meltwaters
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issuing from the ice.

Probably the montveonnertedAattempt to explain the
events during the lastglaciation of Lanarkshire was that of
Charlesworth (1926). His "preliminary attempt at broad
generalisation”, (M. Macgregor 1948), had the advantage of the
then more abundent literature, which he used to the full, but,
apart from his new idea of a general readvance of the ice sheet,
his conclusions on the relative distributions of the differemt
ice massés tend to be a reversal of those of all previous work;
he disagrees especially with Gregory's conclusions.

Charlesworth concludes that during the last glaciation
of Lanarkshire, the ice streams from the Southern Uplands and the
Highlends were confluent and that the limit of the Higuland ice
advance was in the neighbourhood of Symington, i.e, beyond the
southern boundary of the thesis area. From the evidence of numerous
very widespread localities he recognised the existence of a
‘"Marginal Keme Moraine" stretching from St. Abbs on the east coast
%o Stranraer on the west coast (Fige 5)e An essential part of this
systen was the "Carstairs Kames" of Gregory. After reviewing all
the previcus literature he concludes that "in the face of this
apparently overwhelming evidence, the writer contends that the
Carstairs Mopaine was formed, not by a glacier issuing from Upper
Clydesdale but by Northern ice of Highland origin". (Charlesworth
1926 pe 35)a

His main evidence in support of this conclusion is that

the Carstairs system is continuous with similar deposite to the north-
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east and south-west which are also part of his"Readvance Moraine".
The steep northefacing slope of the "kames" he regarded as being
an ice contact face and from his map (Fig. 5) it seemed obvious
that expansion of Highland ice from its "Eaglesham - Carluke stage"
would thrust forward to the position of the"Carsteirs Moraine"
(Charlesworth 1926 p. 37).

His reinterpretation, therefore, envisaged a much
grester incursion of Highland ice into Lanarkshire than had been
considered by his predecessors. All the surface deposits as far
south as Symington and including those at Thankerton, wers regarded
as being due to the advance of Highland ice. His ideas on this
latter aree were aubétmtiany reaffirmed by Linton in 1933«

The most notable among other contributors during this
period were the regional officers of the Geological Survey. Theix
contributions, however, are ususlly confined to a few paragraphs on
new borehole evidence (Ross 1926) on pre-glacial buried river
channels (Dinham 1921) or on additional information on the more
controversial topics, @.g. Macgregor's paper on Carstairs
(M, Macgregor 1927)s In some cases material collected in localities
beyond the boundaries of the thesis area provides an insight into
the events within its limits. Bailey, for example, in 1930 adds some
new information on the Ayrshire areas covered by ice from the Highlands
and the Southern Uplands respectively. He also coins the phrase,
"Southern Uplands Sanctuary” for that area, which, because of its
covering of ice derived from the south, escaped invasion by Highland
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ices (Figs 6),

Phemister's paper in the Summary of Progress for
1925 is an exception in that his was the first comprehensive work
on the vast sand and gravel deposits of Upper Avondale (Fige 7).

He visuaslised the ice mass covering the area as melting downwards,
leaving the highest areas as the first to become iceefree, The
retreating ice frequently left behind "stranded rotting cakes of
ice" and this accounts for the moundy spreads left behind chiefly

at higher levels. "The ice margin melted northwards and after the
ice disappeared from the tributary valleys, the evidence shows that
the ice in the through valley (Irvine/Avon) was split into two lobes,
the one continuous with western ice in the Kilmarnock area and the
other with eastern ice in the Clyde", Thus Phemister envisaged an
extensive lake damned by ice to the east and west and having ag its
earliest overflow, the gap at Deadwaters (710 feet)s It is to
deposition of this lake, by streams from the west, that he attributes
the extensive terraces at or about seven hundred feot between
Loudoun Hill and Drumelog.

Whilst many additionsl techniques and much application
of new ideas had taken place during this second period, the most
influential work was undoubtedly thet of Charlesworth. The most
significant fact of his work in the thesis ares was that he
completely discounted the geomorphological importance of Southern
Upland ice despite the considersble evidence of previous workers
to the contrary. His wozk'too. had great influence on succeeding

workers/
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workers and his conclusions have been widely accepted and repeated

in subsequent literature.

The Third Period - 1951 to 1966
The literature of the third period is limited and

largely composed of the works of two authors, Goodlet and Sissons.
In sn ecrly paper, written in co-operation with MeCall (Goodlet and
MeCall 1952) Goodlet uses the erratic contents of the drifts of
Peeblesshire and Midlothian, areas to the east of the thesis area,
to determine the source and carry of the local ice streams. Two
main conclusions are reached:
(1) Highland erratics are normally only found in the most easterly
area and then only in the lov@boulder clay and sands and gravels,
while rocks from the Southern Uplands, viz. Tinto Felsites predominate
almost to the exclusion of Highland rocks thoughout the Peeblesshire
area and in the most recent boulder clay (Roslin), of the Midlothian
areas
(2) The most recent readvance of ice in the area was an ice stream
from the southewest (Southern Uplands). A similar conclusion was
arrived at in o laber paper by Bailey and Eckford in 1956.

It is, however, in J.B. Sissons'papers of 1961(a) and (b),
1963 and 1964 that a new approach, to the old problems of glaciation in
Lanarkshire, is found, His 1961 (a) and (b) papers present some of the
first attempts at accurate geomorphological mapping in Central
Lanarkshire (Fig. 8)s By applying the concepts of stagnation and

downwastage and using the evidence of fluvioglacial erosion and
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deposition (ideas alresdy hinted at by Phemister 1925 and
Charlesworth 1926 but more fully developed by Flint 1929 and
Mannerfelt 1945), he was able to preserﬁ a more detaeiled account
of the events and landforms produced during deglaciation. Using
these "new ideas", a more precise terminology and a clearer
assignment of certain processes to associated landforms he was
able to arrive at certain definite conclusions about the area and
about the work of earlier authors,

In the Carstairs/Thankerton area he reaffirmed the
gsouth-west t0 northeeast ice movement envisaged by ﬁhe Geikie
brothers in the previous century. In the same area he indicates
additional evidence of an extensive lake (Lake Clyde of Charlesworth
1926) caused by the blockage by ice of the Lower Clyde, He also
points out that "the absence of end moraines and the existence of
wide spreads of almost featureless till mantling hill slopes accord
with the view that the last ice sheet to cover the Southern Uplands
decayed in situ withous significant movement" (Sissons 1961 (a) p.192).

Sissons 1961 (b) paper provides a reinterpretation of
Charlesworth's "Lemmermuir/Stranraer Moraine". The central part of
this "moraine"” is dominated by the Carstairs system and Sissons
concludes that "The Carstairs ridges are, in fact, a complex esker
and, like the Thankerton esker system further south, form part of the
extensive glacial drainage system of the Southern Upland ice sheets
which trend towards a direction between north-east and north".

An earlier worker, J.B, Simpson, hed in 1933
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distinguished two late glacisl ice readvances in the Highland margin
digtricts of Scotland., His penultimate readvance has come to be
known as the Perth Readvances On the evidence of stratigraphy and
landforms, Sissons, in his 1963 and 1964 papers presents considersble
evidence indicating that all of Lanarkshire except for certain nunatak
hill messes, was inundsted by this sheet. Although the limit of this
readvance in Central Lanarkshire is not entirely shown in his 1963
end 1964 papers, Sissons in a later publication (The Geology of
Scotland 1965 Edited by G.Y. Creig Chapter 14) suggests that the whole
area of Central Lanarkshire was overrun by this readvances In a
personsl communication, (11«10-66), he suggests that considerable
detailed fieldwork is required before the limit of this readvance
could be shown with certainty.

The most recent paper on the area is by Goodlet on
"The Kamiform Deposits near Carstairs, Lanarkshire" (Coodlet 1964).
In this he presents new stratigraphic evidence made available by
extensive sand and gravel excavations., His conclusions differ
slightly from those of Sissons, He maintains that "the deposite are
part of a moraine, deposited during a relatively protracted halt in
the retreat of the margins of ice originating in the Southern Uplands
and emanating from the Clyde and Douglas Valleys" (p.194). Goodlet
therefore, like Sissons, agrees that the last ice mass in the area
originated in the Southern Uplands and not, as Charlesworth suggested,
in the Highlands.

It cen be seen from this summary that the work previously

done/
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done in the Central Lanarkshire area has been concentrated in
certain specific localities, from which broader generalisations
about the zegional pattern of glacistion and deglaciation have
been deduced, It seems thercfore that it is an opportune time
for an extension of the detailed mapping and an examination of
the whole area which would permit a comparison to be made with
the patterns of glaciation and deglaciation suggested by the

previous workers.
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CHAPTER _II
AREA I

1. d Exte

Area I occupies the southern central part of the
thesis sreas On the north, east and west it has common boundaries
with AreasIl and III (Fig., 1), These boundaries are arbitrary and
do not follow the aligmment of any particular landfomm features,
This is not true of the longer, more irregular, southern 8oundary.
In ite western section this border follows the Dungavel/Hagshaw Hill
watershed and is in fact the Lanarkshire/Ayrshire boundary. (Fig.2).
The remainder of this southern boundary is formed by the hills which
rise above and to the south of the Douglas Valley. This almost
encircling boundary of hill ranges is broken at only three localities.
The first break is formed by a steeply entrenched valley at present
occupied: by Glenbuck Loch and containing, to the east, the
headwaters of the Douglas Water. (Figs 9)s The second and third
breake are where the Glespin and Parkhead Burns, major tributaries of
the Douglas Water, enter from the south. (Fig. 9).

From Figure 1 it can be seen that the upland areas of
Area I, despite the deep valleys of the Rivers Ayr and Nith, are
virtually continuous with the higher, more extensive, western

Southern Uplands.

2

The main upland areas of Area 1 occur around its
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southern and western boundaries. (Fig. 9). To the west an extensive
dissectéd hill area has summite well in excess of ome thousand feet,
Auchengilloch (1515 f£t), Nutberry (1712 f£t), Auchenstilloch (1610 £t)
and Hagshaw Hill (1500 £). A few detached remnants of these hills
occur to the north and east, e.gs ﬂaﬂ.ow Hi11 (1108 ft) and
Auchrobert Hill (1134 ft)s In general, however, these hill areas
give way to long, smooth slopes which decline to a central depression
between Lesmahagow and Coalburn. This depression has a remarkably
smooth floor with an altitude of between TOO and 800 feet. Its»
regularity is disrupted by the deep dissection of some of the val;eyn
incised around its periphery, notably the Poniel Water and River
Nethans (Fige 9)

The main streams of this distriet, the Birkenhead Burm,
the Logan Water, the River Nethan and the Ponmiel Water tend to flow
from the south-west $o the north-esst. Thus the major streem, the
Nethan, rises on the slopes of Nutberry Hill, flows north~eastward
down the long north-east facing hillslopes and around the edge of the
central depression before flowing north-ward out of the areas The
central part of the basin is an arvea of indeterminate drainage and
is extensively peat covered. ‘

Occasionally, however, the river valleys lose this
orientation and follow courses which are oriented from west to east
and are, therefore, frequently at right angles to the general
regional gradient. VWhere the rivers behave in this way their

crossprofiles generally show a much greater degree of incision and
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nmay even attain gorge-like dimensions, e.g. the Poniel Water. [Figure
10 shows the contrast between the southewest to north-esst and the
west-cast oriented sections of the Logan and Poniel Water respectively.
The significance of these variatioﬁs of orossprofile and direction
will be discussed in greater detail in Section Six,

The Poniel, with its orientation transverse to the
general slope gradient, flows in an easterly direction and finally in
a wide, open valley, (Fig. 10), which joins that of the Douglas at
Douglas Water. (Fige 9)s« The drainage of the southern hill areas
and the southern part of the Lesmahagow/Coalburn basin is thus
tributery to the Douglus rather than the Nethan.

"~ The Douglas Valley dominates the relief pattern of the
southern and eastern parts of Area I. This broad, yet steeply
incised valley, as much as four miles wide and five hundred feet
deep, (Fig. 10), contsins the only extensive area of land below
seven hundred feet in Avea I. The floor of the Douglas Valley is
at six-hundred and fifty feet near Glespin in the extreme south-west,
and five hundred and eighty feet at its confluence with the Clyde ten
miles to the northeeast. On either side of this valley the ground
rises sharply and the valley sides are broken at only three locations
where major tributaries join the Douglas Water viz. The Glespin
Burn, the Parkhead Burn and the Poniel Water (Fig. 9).

In general, therefore, Area I consists of a semicircular
ring of uplands, which together with an isolated outlier, Broken
Cross Muir, almost encircle a central basin around Coalburn. From
thia/
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this upland fringe the two main rivers, the Nethan and the
Dougles VWater flow in a northeeasterly direction before joining
the River Clydes
3. Geology

In common with the rest of Central Lanarkshire, there
is no simple distribution of the major rock groups, Silurian, 0ld
Red Sandstone and Carboniferouss (Fige. 11). The oldest rocks,
Silurien in age, are contained in two extensive anticlinal inmliers,
the most important of their kind in the Midland Valley of Scotland
(Macgreger M and Macgregor A.C. 1948 ps 10). The first continues
into Area III and is the more extensive, It forms the high ground
of the Dungavel/Wutberry Hills, The second, to the south, is
smaller but similarly gives rise to an upland area in the Iagshaw
Hills. Together they form the larger part of the western watershed
boundary.

The Old Red Sandstone series occurs as several
discontinuous lenses between the Silurian and the Carboniferous straba,
On the south flank of the Douglas Valley the most northerly of the
Southern Upland Boundary faults, with its Caledonian (south-west to
north-east) trend, brings voleanic rocks of 0ld Red Sandstone age
into direct contact with Carboniferous strate. The other 0ld Red
Sandstone autcrops in the east (Fige 11) are largely of sedimentary
origin,

Felsite intrusions of Lower 0ld Red Sandstone age are
widely distributed in the older rocks. (Silurien and basal 01d Red

Sandstone). PEach of these felsite intrusions has its own
individual/
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individual characteristics. They have been used in Peeblesshire
as indicator stones (McCall and Goodlet 1952) but because of the
wide distribution of their source areas, (Fig. 11), and the
considerable range of variability between the separate intrusions
(although often indistinguishable in hand specimen), it is felt
that interpretations of ice movement based on their presence as
erratics in drift should be treated with caution and should at
lenst involve thin section analysis.

The Carboniferous strata occur as a belt rumning through
the centre of Area I, They are found on the southern boundary of the
area in a small bagin around Glespin. This basin extends by a narrow
neck through the Dougles Valley before swelling out to form & broad
basin extending across most of the area and northwards to Lesmshagow.
Apart from underlying most of the Douglas Valley, Carboniferous rocks
are also associated with the basin around Coalburn and the low
moorland areas around its periphery.

The problems of numerous and widely distributed
"exposure areas" of rocks similar in age and character throughout
Central Lanarkshire have already been discussed (Chapter I), This
is equally true of Area I and involves considerable difficulties in
the interpretation of ervatic patterns, lore will be said about
this in Section Five of this chapter.

The deposits most important to the present study are
those of Pleistocene ages Together these cover more than one half
of the surface area of Area I. The Geological Survey, (1" drift

sheets Nos. 23 end 15), shows these classified &s follows;
"Boulder/
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"Boulder Clay", (Ususlly referred to as "Till" in the present work)
"doraine and Farthy Angular Drift","Brick Clay"; "Sand and Gravel"”.
The latter category is further subedivided into "Keames", "Terraces"
and "Other Deposita".

The writer observed till up to altitudes of 1600 feet
but generally it is of no grest depth except on the lower hillslopes
and in the msin valleys. The sand and gravel distribution is more
restricted. These deposits occur as isolated patches, classified
by the Geological Survey as "Other Deposits", in the upper valleys
or as more extensive and thicker sheets and spreads, often
including so-called "Kames" in the valley ‘fJ/.oors of the main rivers.
Where fluvioglacial deposits are found they generally overlie till.
Lxceptions oceur where the send and gravel is found to form the
basal member of the drift deposits. "Brick Clays" are not found in
Area I but "Moraine and Earthy Anguler Drift" are shown in the upper
reaches of the Logan Water.

Since most of the literature dealing specifically with
the processes and conditions during the melting snd decay of glaciers
post-dates ReF. Flint'e 1929 paper, it is herdly surprising that in
this avea, which was originslly surveyed in 1852/59 and only once
revised in 1901/02, the classification of the fluvioglacisl deposite
is found to be unsatisfsctory. Present knowlodge of the forms end
processes of fluvioglacial deposition permits and demands a much more
satisfactory classification than that of "Kames", "Terraces”" and

"Other Deposite”s In several cases areas marked on the Drift Sheet

a8/
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as "Hecent Freshwater Alluvia" were found %o be of unguestionable
fluvioglacial origin. Sections in the "Moraine and Earthy Angular
Drift" deposite were inspected and here too the interpretation made
by the Ceological Survey officers can be questioneds, This latter
material is discussed further in Section Six of this chapter. It
was concluded that the larger part of Area I has a covering of drift.
The distribution of this as shown by the Drift Sheets of the
Geological Survey is remarkably accurate but the classification of the
deposite is frequently misleading and incorrect.

4e  Glacisl Frogion

It is much easier to assess the eifects of glaecial
deposition than those of glacisl erosion. In the case of deposition
the evidence is ususlly still available for inspection, whilst with
erosion the material removed is no longer visible and the extent of
erozion is therefore much more diffiocult to measure., In addition, in
& lendscape now extensively covered by superficial deposits and
subject to post-glacial modification by a wide range of processes,
it is difficult and often impossible to recognise, and assess
accurately, the effects of a more distant period of glacial erosion.

There is also the problem of multiple glaciation.

If the literature on glacial chronology 13 correct then Central
Lanarkshire has been overrun by ice during several different occasions
during the Quaternary (Sissons 1965). These periods of renmewed
glacial activity are thought to have been of decreasing severity and

length./
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length, Between the periods of active ice cover, periglacial
processes and river erosion would modify the shapes of the valleys.
The result is that erosional features have often been produced by
more than one agent of erosion and have frequently been .utilised
and/or altered during successive periods of ice erosion.

Whilst the surface forms of glacial and fluvioglacial
deposits in Central Lenarkshire can be more certainly attributed to
the last ice cover, it is obvious, from what has alrgg.dy been stated
that it is a more difficult task to gauge the erosive effects of the
same ice. The features to be discussed in this section almost
certainly owe their origin, at least in pert, to the earlier and more
vigorous periods of ice activity,

The watershed bhoundary on the west, between Auchengilloch
and Auchenstilloch Hill is breached at several pointe (AyB,C and D
Fige 9)« These through cols have their floors at altitudes ranging
from 1360 feet to 1430 feet, generally between 100 feet and 200 feet
below the adjacent summit levels. All are oriented from southewest
t0 northeeast and some of the adjacent hills have o stresmlined form.

parallel to this trende.g, Nutberry and Mannoch Hills, Further

south the two valleys which delimit the Hagshaw Hill range from the
other hills in this area also show this south-west to northeeast trend.
The relative relief, however, is much greater. The Monk's Water
valley has a through col at its head, the floor of which is at an
altitude of 1060 feet. The adjacent summit levels are in excess of
1400 feet (Figs 9)s To the south is the Douglas Valley, the

lowlying/
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lowlying nature of which has already been discussed. Colliery
boreholes, however, (Figs 12) indicate that this valley has a
very uneven floor which in places has been infilled to a depth
of at least one hundred and forty feet with fluvioglacial depositse.
This may well indicate local overdeepening as a result of glacial
erosion,

The Hagshaw Hills themselves exhibit, at a higher
level, another set of glacial erosion features. Several through
cols breach the summit areas at altitudes from 1225 feet to 1480

feets  All of these are oriented 1Ot in the normal southewest
to north-east direction but from northewest to south-east (Fig. 9).

The summit hills also have a streamlined appearance parallel to
this trend, If these cols are the products of glacial erosion, the
implication is that an earlier, thicker ice sheet passed over these
hille ia & northewest, southeeast direction before the later ice
movement from the south west,

Throughout this hilly district of Area I there are very
few outstanding spurs, the absence of which may well indicate a
relatively recent period of vigorous glacial erosion, Glacial striae
have been recorded at several loecalities by the officers of the
Geological Survey (Fige 9)« On Nutberry and Auchenstilloch Hills
and on the flanks of the Douglas Valley, these all agree with and
confirm the southe-west to north-east direction of ice movement as
shown by the majority of the through cols.

The hills on the northern boudary of Area I also

exhibit/
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exhibit through cols. Those arcund Auchrobert Hill (Fig. 9),
suggest a movement of ice to the south-east. This is further
substantiated by a striation, with this orientation, recorded
on the west side of Dunside Rig by the Geological Survey. (Figs. 9)
The neighbouring through valley feature to the west of Black Hill,
with an orientation from southewest to north-east is possibly
along the line of a valley cut by a predecessor of the present Logan
Water and is not necessarily of glacial origin.

The directional evidence of all these cols and striae
indicates that the ice-source wes outside Area I, In the northern
part of the area it appears to have moved from north-west to southecast,
whereas in the south, despite evidence of a northewest to south-east
direction at higher levels, the dominant ice movement appears to have
been from southewest to north-ecst, The origing and chronologies of
these ice streams will be dealt with in subsequent sections.

Several striase recorded by the Geological Survey on
Broken Cross Muir and the hills to the south of Sandilands Station
(Fige 9) confirm the south-west to northeeast trend of ice movement.
Throughout the remainder of Area I, however, the main effects of the
glacial period appear to have been depositional rather than erosional
and there is little surface indication of glacial erosion.

5. Glacial Deposition

As has been already suggested, the evidence of the
depositional effects of glaciation are much more prominent than those
of glacial erosion., Another contrast is found in the distribution

of/
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of the evidence. Just as the signs of erosion were particularly
marked in the upland areas, so glacial deposition achieved its
greatest effect in the lowlands.

In Area I till covers at least one half of the land
surface, It is found at altitudes up to 1600 feet in the hill areas
and is proved at depth of 60 feet below the surface of the Douglas
Valley. (Fige 12). At higher altitudes the thickness of the till
decreases and many of the hills above 1000 feet, and in some cases
less, have bedrock exposed at the surface, On the lower hillslopes
ite thickness increases to as much as ten feet, especially where
there is a hollow or an indentation in the hillside e.g. a stream
courses Only in the valley floors, however, does the thickness of
the till ever exceed ten feet.

The colour of the till varies according to loeality. In
some areas it has a bright red/brown hue whilst in others it is more
blue/grey. Although field observation suggested that the finer
material (Matrix) of these tills varied considerably, this was
disproved by a particle size analysis programme which paid particular
attention to the relationship between textural and colour variations,
in tills, Similar samples of red and grey tills were analysed by
coarse sieving and find sedimentation(hydrometer) snalysis. The
results when plotted on graph paper show that there is no significant
difierence between the particle size compositions of the different
colours of till. (Appendix I Section B). The results do, however,

show that although by nature till is unsorted, con@ining particles
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from clay size, (1/256 mm), up to and exceeding boulder size
(256 mms), there is, however, an overall similarity compared with
other glacial and fluvioglacisl deposits. VWhen good field
exposures were available, the writer found no trouble in
differentiating till from sny other deposit.

In the hill areas of the south and western parts of
Area I, till reaches its maximum altitude, approximately 1600 feet,
on the flanks of Nutberry Hill (Zxp, 12 Fig. 13). However, even
avove 1000 feet the till mentle is rarely more than two or three
feet thick, and probably for this reason does not itself give rise
to any specific landforms but rather appears to smooth out any
pre-existing irregularities by thickening in hollows and thinning
on more prominent slopes.

The till matrix is sticky and clayey to the touch and
the included pebbles display a large variety of rock types, some of
which, especially the Silurian Shales, distinctly retain the marks of
glacial strise (one pebble in every three retained striase visible
without the aid of magnification)s In these hill areas
Carboniferous strata are generally sbsent and Silurian and 0ld Red
Sandstone rocks are predominant, The thin nature of the till mekes
it difficult to find sites suitable for sampling. (All the sampling
sites were required to have a minimum, apparently unweathered till
thickness of five feet, This rule was applied in an attempt to avoid
the bias of results by the effects of surface movements end weathering),

As a result the till sites investigated in hill areas conversely tend

to/
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to be located in valley bottoms where, not only is the till depth
greater but also streams have frequently undercut their banks
affording a {resher section.

In the upper Nethan Valley, although a good %ill
exposure is found at Fxposure 16 (Figs 13), ‘in the lea of an
upstanding dyke, it is not until Exposures? and 4 (Fig. 14), four
miles domstream, that a depth of till suitable for sampling becomes
available. Exposures 2 and 4 avre in the undercut bank of the River
liethan and at both sections the exposed face i®s in excess of seventy-
five feets Although separated by only three hundred yards and in
what is apparently the ssme geomorphological feature, a valley-fill
terrace, formed by the dissection of the glacial and fluvioglacial
deposits mantling the {loor of the valley, they exhibit one of the

fundamental characteristics of glacial and fluvioglacial deposits =

irregularity.
TABLE I
Exposure 2 6 ~ 10 ft. Expoaure 4 2 -« 10 ft.
(840') coarse gravel (825') coarse %ranll
2 = 10 f& til
(Fig‘14) 60 ft till ; (Fig.14) 30 ft. coarse gravel

At exposure 2 (Fig. 14), six to ten feet of very coarse,
roughly sorted gravel overlies eighty feet of grey/brown till. At
exposure 4, (Fig. 14), however, two to twelve feet of coarse gravel

overlie two to ten feet of till (which even over this short distance

has/
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has changed its colour to the greyer hues more characteristic of
Carboniferous sediments).These in turn overlie a further thirty feet
of coarse gravel (see Table I above).

Till fabric, rock type content and particle size
analyses were carried out on the till at Exposure 4 (Fige. 14). The
fabric diagram (No. 1 Fig. 15) shows a very strong preferred
orientation from southewest to north-east, with 727 of the stones
dipping to the south-west. This latter figure is calculated from the
percentage number of all the stones located within the gquadrant,
(90° sector), which contains the largest number of oriented stones,
This maxime quadrant normally conteins the stone distribution peaks
and will hereafter be called the peak maxima quadrant. All these
features are shown on Polar Equidistant Projections (Fig. 15).
Geologically the site (No. 1) is at the margin of the extensive
Cerboniferous basin and is bordered immedistely to the west by the
first of the "0ld Red Sandstone and Siluriasn Hills" (Fig. 11).
Perheps surprisingly the till (No, 1 Fig. 16), contains 68%
Carboniferous, 26/ 0ld Hed Sandstone and 67 Silurian roeks, Whilst
these figures probably indicate the very "local nature" of most the
component material in tills, it is felt that they, together with the
fabric information, substantially confirm the argument for a southe
west to north-eset moving ice mass.

In the mowrland and lower, less dissected areas to the
east, centred on the Cozlburn/Lesmshagow Carboniferous basin, the $ill

cover is almost continuous. Only occasionally does bedrock appear

at/
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at the surface and then only in the more upstanding moor areas
or the sides of the Poniel Corge (Exps. 13 and 14 Fig. 14).
The underlying rocke have an immediate effect on the till
characteristics. The red, brown colour of the hills to the
west gives way to the greys of the Carboniferous areas. - (These
colour chenges, dependent on underlying bedrock, were early
recognised as a characteristic of Scottish tills by the officers
of the Geological Survey e.ge A. Geikie et al 1871, Pe 36 and by
the same author 1873, pe 42).

The long smooth slopes to the west of Coalburn (Fig. 9)
frequently have a very even mantle of drift. From borehole evidence
(Fige 12) it appears that the normal situation is for about ten feet
of till to form the central stratum in a threefold sequence. - Send
and blue clay are said to form the upper and lower layers respectively,
The generally slight gradient hae probably aided the development of a
thick peat cover (Ph2) which inoreases the difficulty of finding good
sections. Although no one exposure was found which revealed all
three strata, they were verified at several different sites,

Exposure 8 (Fig. 14) shows five feet of grey till overlying three fect
of blue/grey stoneless and apparently unstratified clay. Fxposure 6
(Figs 14) shows three or four feet of stratified sand and gravel
overlying at losst two feet of boulder clay,

At till enalysis site 2 (Fig. 11) a fresh, forty-foot

section in the undercut bank of TABLE IT
the Hethan reveals fifteen to

Till inalysis 1015 £t coarse gravel

Swenty feet of grey till Site 2 (Fig.1l) 2 Ft. of laminated clay
and sand,
overlying/ 7 Ft, stratified gravel

15 « 20 feet till.
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overlying bedrock. (Carboniferous limestone at this locality).
As Photograph 3 and Table II opposite show, the till is overlain
by a series of water-laid deposits - seven feet, of coarse, but
stratified gravel, two feet of laminated clay and fine sands and
ten to fifteen feet of very coarse gravels with little evidence
of sorting, The till fabrie analysis (No. 2 Fig. 15) indicated
several interesting features, The strong preferred orientation
from south—vebnt to north-enst, found in the previocus till fabrie
analysis upstream, was not found. Instead a rather weaker, more
dispersed preferred orientation indicating a movement from southeeast
to north-west wes found. (567 of the stones were in the associated
maxima quadrant)., At this site, however, this fabric orientation
is exactly parallel to the direction of the Nethan Valley, This is
perhaps & reflection on the important influence of irrégularitieu
in the underlying land surface on the local orientation of basal ice
movement.

The rock type analysis, (No. 2 Fig. 16) gives a similar
result to that found in the $ill three miles upstream. ‘The main
difference is that the percentage of 0ld Red Sandstone pebbles has
decreased and is partially replaced by 67 of Highlsnd erratics,

In the Douglas Valley, aiong the southern boundary of
Aree I conditions are slightly different. The till cover extends up
the north-facing slopes to heights of 1,100 feet (Good exposures in
the Ponfeigh Burn, above Rigside (Fig. 9) whow that the till cover dies
out asbove 1,100 feet). On more prominent hillslopes bedrock may even

outerop at lower levels e.g. Stone Hill (Fig. 17). On the southe
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facing slopes of the Dougles Valley a similar distribution is found
and the abundance of old quarry sites suggests a very thin drift
cover even on the lower slopes.

On the lower valley sides the valley floor, where not
covered by sand and gravel, the till cover often has a drumlinoid
or fluted é.ppea.raneo with ridge crests orientated from south-west
%0 north-east i.e. parallel to the valley orientation. These are
well shown above and below Rigaiée, (Figs 9), where they are from
15 = 30 feet highe Although no seciions are available in them,
surrounding exposures indicate as much as ten: feet of till.

The main $ill accumulations in the Douglas Valley are,
as to the west, on the valley sides and floor. As already noted,
however, the valley floor area is liable to be covered by fluvioglacial
deposits. Thus of the two best till exposures on Tigure 17 only the
lower one, (Exp 8) has a covering of sand and gravel. The other,
(Exp 7), shows twelve feet of till and is used for further analysis,

Three till exposure sites were invéstigated in the

Douglas Basin, All three are in undercut stream banks where the till
which covers the valley floor is well exposed., The first two, Nos,
3 and 4 (Fige 11) are in the south-western extension of the central
Carboniferous basin., The till fabric of No. 3, in the valley of a
south bank, tributary of the Douglas, the Glespin Burn, has a very
strong preferred orientation from south-west to north-east with a dip
maximum, (637 in maxima quadrant), indicating a Southern Upland ice
source (Fige 15)s

The till fabric of site No. 4, (Fig. 15) at the junction

of/
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of the Douglas and Clespin Velleys, is much less definite and
whilst a south to north trend is suggested, there is no true
dip meximum. (Only 427 of the orientated stones are in the
apparent maxima quadrant). The rock type contents of both
tills are almost identicel (Nos. 3 and 4 Fige 16). Carboniferous
fragments are the mein constituents amounting to 60% and 565, 0ld
Hed Sandstone pebbles amount to 225 and 24% and 'Southern Upland
l—ioﬁks' to 14% and 20/ in Noa. 3 and 4 respectively. In both these
localities therefore, although the 'Silurian and 0ld Red Sandstone
hill aveas' immediately to the west of Glespin (Fig. 11) have a
covering of distinctive red till, the tills on the Carboniferous
sediments are of greyer shades and ave largely ogmpoaed of these
latter rocks. The evidence of these twe till analyses certainly
agrees with that of glacial erosion, that, "the dominant ice
movement appears to have been from south-west to north-cast".

The third till exposure which was shalysed in detail,
(Hos 5 Fige 11) is at the north-east extremity of the Douglas Valley
and is on the eastern margin of the extensive Carboniferous basin.
It is perhaps surprising therefore that the exposure reveals twelve
feet of sticky, red till and that the percentage of Carboniferous
rocks should be only 447 (cf 60/% and 56 at two previous sites).
This deficit is lergely made up by an increase in 0ld Hed Sandstone
rocks, 40%. The remaining 16/ of the stones were of Southera Upland
extraction (Fig. 16). The high proportion of 0ld Red Sandstone
material end the colour of the till ie largely explained by the

orientation/
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orientation of the till fabrie. This shows a very strong
preflerred orientation from the south-scutheeast to the northe
north-west, This suggests that the main southewest to northe
cast Douglas Valley ice streem was being supplemented by

tributary ice streams emerging from

areas to the south. 'The additional evidence of the high

percenteges of 'Southern Upland rocks', 147%, 207 and 167 at sites

3y 4 and 5 respectively, the north-south orientation of the

elongated till mounds on the sides of the valley of the Parkhall

Burn, (Fig: 9), end the striation, recorded by the Geological Survey
at Tinto Pnd (Mg. 9) pointing from south-south-west to northenorthe
east further substantistes this argument. This theory could also
account for the peculier situation at Douglas Water, (Exposure 8

Fige 17) where a red $ill appesrs to rest directly on & grey till without
the apperent intervention ef fluvioglaciel deposition, It might be
suggested thet the main Dougles Valley ice stream which deposited the
grey $ill was gradually displaced northwarde by an increasing volume
of ice being comtributed by the southern, Cld Red Sendstone floored,
tributary velleys. The ice emenating from these latter valleys could
explain the overlying red tills With the addition of further ice
stresms from the south the main Douglas Valley ice stream may have
eventuslly been completely confined to the northern eide of the
valley., The southern slopes would then be occupied only by ice from
the tribﬁ’aary glaciers thus sllowing only the deposition of red till.

Thisz is exectly the implication derived from the previcusly described

section/
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section (Nos 5 Figs 11).

It may be relevant at this point to discuss the effects
of periglacial action, for the resultant deposits ﬁmre frequently
been erroneously mapped as “"earthy angular moraine" (Calloway 1961
ps T7) end tills According to Galloway (1961 p. 77), the Southern
Uplands and hills of Central Scotland "apart from the rugged hills of
Galloway were not heavily glaciated, were probably freed of ice at a
fairly early stage during the glacial retreat, and so were exposed to
periglaciation for several millenia before the final termination of
the Ice Age." Thus it might have been expected to find in Central
Lanarkshire, extensive "head", "slope" or "solifluction" deposits such
as workers in more southern and esstern parts of the Southern Uplands
have found. (Tivy 1962, Price 1961, Ragg and Bibby 1966). This is not
so, however, end deposits which could be classified as the product of
periglacial action have been found at only three localities in Central
Lanarkshire, two of which are in Area I.

At the first site, TABLE III

(Exposure 3 Fige. 13) at &

height of 1,000 feet and in | Ixposure 3 5-8' coarn: but rounded
grave

3=4' shattered bedrock

a dissected valley terrace,

Figs 13, '
between five and eight feet : 2-5' fine stratified sand
and clay
of Vat@l’l&id’ rounded mvel‘ 12! shattered rock with

included clay layers.

1 £
overlie three to four feet shattered solid rock

of shattered, bedrock
material. (only ravely was an erratic fragment found) This latter
material was highly engular and did not display glacial striae.
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Beneath it, two to five feet of fine bedded sands snd clays,
displaying varve-like variations and topset and foreset bedding,
were found. Underlying these stratified deposits there were a
further twelve to fifteen feet of shattered bedrock material
exactly as in the second stratum but including within it numerous
lenses of stratified fine send/clay material. Below this, bedrock
outeroppeds The distinctiveness of this section was nmphuiaad
by the fact that higher exposures (8 snd 10 Fig., 13), revealed normal
till sections.

At exposure 15 (Fig. 13), in the headwaters of the
River Nethan a section showed rubbly, angular material containing meny
erratic fragments (Ph4), This material which appeared to be neither
fluvioglacial nor glacial was tentatively classified as "slope deposits".

The third areas where periglacial deposits were identified
was on the flanks of Tinto Hill (Phs 5 and 6), Here on the red
felsite intrusive massive extensive sheets of angular bedrock material
are found. These are comparable in composition to the angular
material at exposure 3 (Fig. 13).

On Tinto Hill, however, (Fig, 2) the higher altitudes
(Tinto Summit is at 2,335 feet) and very steep slopes have allowed
the stone stripes (Phs 5 and 6) to astively form under present
conditions (Miller et alia 1954). At the other two sites the
material appears to be a fossil deposit, dormant under the present
conditions.

One or two of the other summits in Central Lanarkshire

may have a capping of shattered rock sugsestive of periglacial
conditions/
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conditions e.g. Dungavel Hill (1503 feet) (Fig. 2)« The
conclusion remains, however, that throughout Central Lanarkshire
there is little evidence of periglacial deposits compared with
the vast deposits left behind by glacial and fluvioglacial processes.
In this light Central Lanarkshire appears to have more in common with
the Western rather than the Fastern Southern Uplands, as described

by Galloway 1961.

SUMMARY

Glacial deposition ;s vi{.loapraad throughout Area I,
Although till may be thin or absent at higher altitudes, it frequently
exceeds ten feet in depth in sheltered localities and in valley
floors, HNormally the till occurs as & single unit but in the
valley floors and lower hillsides it is frequently covered by a
mantle of fluvioglacial deposits. Only at tyo gites were
deposits seen to underlie the till, At exposure 4 (Fig. 14),
in the valley of the Nethan thirty feet of coarse, roughly sorted
gravel is found beneath the $ill, although, as already remarked,
equally good sections upstream end downstresm show no sign of this
stratum. At the nearby Exposure 8 (Fige 14) on the edge of the
extensive, till covered Coalburn basin, three feet of stoneless,
unstratified elay was found beneath the tills In both these
cases the underlying materisl does not appear to be of widespread
occurrence and there ie insuffickent evidence to suggest either
the mode of formation cr the relative ages of the deposits,
e
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 There is abundant evidence of the povers of erosion of
glacial meltwaters in Area I. This is possibly a result of the
frequent contact between Upland and Lowland, 2 situation particularly
suitaeble to the formation of meltwatér chamnels (Sissons 1961 p. 16).

There appear to be three mein areal concentrations of
meltwater channels (Fig. 9); in the lqra, or on the north-east facing
slopes of the Auchengilloch/lagshaw Hills, in the Coelburn Basin and
on the flanks of the Douglas Valley. The orientations of these systems
reveal only twé major trends, from west to east and from southewest
to north-east. The characteristics of the channels, however, show
considerable variation, They are eroded in rock, till ar sand and
gravels Those eroded in rock tend to have the sharpest crosse
profiles and the greatest dimensions. At lower altitudes, in the
main depositional areas, the chamnels frequently have more rounded
cross-profiles and where found in sand end gravel they are often short,
little incised and without any steep associated breaks in slope.
These latter channels as s consequence tend to be more difficult %o
recognise, especially where they have small streams in their floors.
Although some of the features of meltwater channels

2.8 abrupt beginning end termination, absence of streams and up and
down profiles facilitate their identification, other channels which do
not show these characteristics, may be more difficult to positively
identify. TWhere a meltwater channel is occupied by a present day
stresm, (Ph. 7), unless its form and relationship to other meltwater

channels are helpful, its meltwater origin may be difficult to
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establishs Storm gullys, like the one in photograph 8 eroded by
the concentrated efforts of run~off from artificial drainage ditches,
may also provide problems of interpretation.

In the watershed and hill areas of the south and west
the directions of meltwater channels indicate that meltwaters flowed
into Area I from the south-west at nine separate localities. (A = I)
(Fig. 9)s At some localities the channels occupy through cols
(A and C) although, es at A, (Fig. 13) they need not necessarily be
confined to the col floor., Their anastomosing patterns, (A)

(Phs 9 and 10) abrupt beginnings and terminations, steep gradients
and degree of incision and occasional up and down profile e.gs
channel- 2 (Fig. 13), suggest that they were cut by subglacial
meltwaters which concentrated their efforts at the weakest (lowest)
points along the watershed.

liore commonly, however, channels are found running
obliquely down the valley sides. In these circumstances they often
arise on north-east facing hill slopes or in the lej! of more prominent
valley side projectionss (There are few true spurs in Area I)

Their position, steep gradients and abrupt beginning and frequently
more abrupt terminations are also suggestive of a sub-glacial origin.
Both these eh:n?l types are frequently found in association. (Fig, 13)

At A, (Fig. 13), two neighbouring chsnnels, streamless
and 'V' shaped in cross-profile, begin immediately north-eaaf of the
watershed (Phs. 9 and 10), They run very steeply downhill into the

floor of the col where they combine to form one larger 'V' shaped

channel/
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channel, sixty feet deep and sixty yards wide;. Towards the
bottom end of this channel system, at about 1,300 feet, the hill
slope gradient noticeably decreases. Associated with this break in
slope are two distinet features. The single neltvafer channel
branches to form several, smaller, less incised, distrivutary
channels and below the point at which these chennels disappear
several elongated mounds of fluvioglacial deposits ere found.
Some of these mounds are partially submerged by the surrounding
peat mosse This relationship between fluvioglacial erosion and
fluvioglacial deposition is frequently found and often appears <
to be related, as in this example, to = a decrease in gradient.

The three channels at 15 end 16, (Fig. 13), differ from
those already described in thaf their alignment is parallel to the
slope contours. Two of these are one-sided benches, twenty feet wide
and ten to fifteen feet deep, eroded into the hillside, Their form
and position imply that they were formed by marginal or sub-marginal
meltwater streams running between the ice and the valley side.

Their alignment is continued to the west, although at a slightly lower
altitude, by a series of sand and gravel mounds, the Birk Knowes,

whose position, composition and relationship $o the channels suggest
that they were laid down, in the manner of kame terraces, by meltwater
streams, running between the ice and the valley sides, similar to those
which cut the channels at 15 and 16.

The transverse position of these latter features to the
meltwater channel occupying the col at C, (Fig, 13), might imply that
the latter/
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latter was no longer in use., This would happen when the
downwesting regional ice surface approached 1,375 feet, the
altitude of the cols At this stage the ice to the north and to
the south of the col would become separated, and the ice to the
north, now cut off from perhaps its main source, would become
stagnant, Under these circumstances conditions conducive to
the establishment of marginal/sub-marginel drainage are likely
to have ocourred., It is 1ntarosfing to note that at this
locality, although ice and meltwaters must have been present at
higher levels, the present limits of glacial and &Mleacial
deposition are below the level of the chamnels at 15—and 16 (Fige. 13),

Figure 14 illustrates the meltwater drainage pattern on
the till covered Coalburn Basin. Channels generally enter the area
from the weét, although their individual orientations vary between
north-south and westeeast. All the channels are eroded into till but
most of them have penetrated to the underlying bedrock. They all
appear to drain towards the two large river systems in the area,
the Nethan and the Poniel Water, The channels between the Scots
Burn and Coalburn, 5,6,7,8 and 9, (Fig. 14) are frequently infilled
at their heads by a deep peat cover, sometimes exceeding ten feet in
depth, Photograph 2 shows the thick peat lying in the bottom of the
meltwater channel, No. 5, which runs off in a direction away from the
camera, In their lower courses, however, these channels, which are
from 30 feet to 60 feet deep and 30 to 50 yards wide are inecised
through the $ill cover into the underlying bedrock., All of them
normally exhibit a very sharp 'V' shaped cross-profile and only

rarely/
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rarely do they widen to permit the development of a flat floor.

These channsls, (5 = 9), are succeeded to the east
by an even greater meltwater system (13 -~ 23 Fig. 14). It is
tempting to suggest a continuous and connected origin for the two
systems and the valley of the Poniel Water, which flows between
them, All three have an orientation transverse to the regional
slope, a feature often diagnostic of drainage patterns initiated
by fluvioglacial meltwaters. Many of the channels of both systems
after dropping into the Poniel Gorge, terminate abruptly suggesting that ..
the latter was alsc used by meltwaters at this time., However, the
irregularity of the course of the valley of the Poniel Water between
the two systems is a feature not particularly associated with a
meltwater origin,

The eastern system of channels, to the south and east of
Coalburn 10 - 23 (Fige 14), occurs on the north and south flenks of an
east-west ridge of moorland. The upper surface of this moorland is
driftless and has possibly been washed free of drift, although no |
channels are available to prove this. The main part of the channel
system, on the south flank of the moorlend, is cut, except for a very
thin layer of drift, entirely in bedrock. This is a coarse, yellow
sandstone and where eroded by meltwaters it has in one locality
(18 Fige 14) left small, but precipitous cliffs in which the marks of
water scouring and potholing - ean still be seen. (Ph, 11) At this
locality the adjacent channel, 16, is from sixty to eighty feet deep
and has a flat foor about twenty feet wide. The sides and floor of

this/
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this channel are partially covered by an enormous accumulation of
sandatone blocks, many of which are as much as six feet in diameter,

The dimensions of this channel are in contrast to the delicate
network of small channels, 5 « 10 feet deep and less than 10 feet
wide which course the sandstone bluffs above (See Ph, 11).

The relative dispositions of the southern set of
channels seem to provide a clue to their origin, for channels, 19, 18,
16, 20 and 17 all appear to have been progressively abandoned in
favour of a lower adjacent course to the south, Thus the floor of
the small, intricate channel system, 18, is twenty feet above the
large, adjacent channel 16. (Ph. 11) Channel 17, with a slightly
lower intake, in turn appears to have captured the meltwaters of channel
16. Lastly there is the impressive, one hundred foot deep gorge of the
Poniel, with a course parallel to that of the meltwater channels and
without the irregularities seen to the west, It is into this goxrge
that many of the channels seem to have finally discharged,

This suggested pattern of progressive abandomment may have
also operated on the north flank of the moorland ridge, but the lack
of intercommunications between channels does not allow for a similar
reconstruction of their history, It is probable that the development
of this eastern meltwater drainage system took place as the ice
downwasted and the meltwaters came into contact with the moorland
which eventually emerged as a nunatak mass, Although it is possible
that some of the channels were initiated in a subemarginal environment,

the up and down profiles of some, (esg. 14 and 13 have uphill sections

of/
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of about 5 ft. and 15 £t. vertical relief re'upectively), imply a
sub-glacial origin. As with the upland meltwater system, (1 = 4 Fig.13),
the erosional phase of {luvioglacial drainage gives way eastwards at
lower levels to a landscape where depositional forms, of fluvioglacial
origin are more prominent.

Figures 17 and 18 indicate the importance of the Douglas
Valley, by far the largest in Area I, as an area of concentration
for meltwater drainage. Some of the channel systems in the valley
itself are not greatly incised e.g. the system at G, (Fig. 18),
consists of round-bottomed chomnels, {ifteen to twenty-five feet deep
and from thirty-five to sixty feet wide, running between elongated $ill
moundse. Similarly chamnel 5 (Fig. 18) occupies a smooth, little
incised, linear depression running parallel to a fluvioglacial ridge
(Phe 12)s Others, however, are deeply cut into solid rock with steep
gides and have a 'V' shaped cross-profile, although occasionally they
may have a flat floor e«ge ohinnul 1, interrupted due to railway
construction,and channel 6 (Fige 17)s All of the channels, however,
tend to be directed obliquely down the valley sides towards the floor
of the main Douglas Valley but terminating at heights varying between
ten and one hundred and fifty feet above the floor. Where this
situation is found the lower end of the channel is frequently seen
to be associated with the upper limit of fluvioglacial deposition e.g.
system at G, (Fig. 18). Although certain parts of these channels
may be sub-marginal, their generally steep gradients again imply a
sub-glacial origin.

Occasionally on the lower valley slopes or valley floors,

within/
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within the area of fluvioglacial deposition, another chammel-type is
founds The cross-profile of this chamnel-type is rounded and
without the sharpness noticed in some of those already described.
They usually run between dissected mounds of fluvioglacial material
and appear to have been ercded contemporaneously or subsequent to
the time at which these were deposited, (9,5 and 7 Fig. 18)e It
may well be that these are the last traces of the streams which
deposited the associated send and gravel spreads, This latter
implicztion may mean that meny of them were eroded in a pro-glacial

environment.

SUGARY
It appears, therefore, that whilst meny different types

of channels are found in Area I, their general orientations were
brought about by only two major ice gradients, The firet is from
the southewest to northeecast and is found particularly in the
watershed areas and in the Douglas Valley. This corroborates the
information derived from the study of glacial erosion and

deposition, At a latter stege, however, during deglaciation, when
the ice aources in the southewest were cut off from some areas by
the emerging watersheds, much of the meltwater drainage in their le?,
especially in the Coalburn basin, appears to have drained directly
eastwards towards the Douglas Valley.

Te

The features considered under this title include,
eskers, kames, kame terraces and dissected and undissected outwash
sheots/ |
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sheets. All of these normmally exhibit a varying degree of
stratification and are composed of varying proportions of sand
and gravel. Clay layers are also found included in the deposite
but are much less common. The distribution of extensive sand
and gravel deposits in Area I is restricted to the floor and sides
of the Douglas Valley and the lower part of the Poniel Valley,
north of Happendon (Fige 9)s Elsewhere only smaller, isolated
fluvioglacial deposits arve found and these also tend to congregate
in the floors or on the sides of the other river valleys. e.g. the
Nethan and the Logan. ‘Tha depth of the sand and gravel deposits is
more difficult to assess and only where definite records are
aveilable or good sections ere found can this be done. The borehole
records of Figure 12 infer a considerable depth, in excess of one
hundred feet, for at least some of the deposits in Area I.

13 han‘alteady been degmonstrated that there is often a
significant relationship between fluvioglacial erosion, fluvioglacial
deposition and the present drainage pattern. In upland areas,
however, fluvioglacial deposition appears to teke place with less
regard for the underlying terrain and here as already stated it is
generally restricted to isolated mounds rather than extensive sheets.
The Birk Knowes, (Fig. 13), are an example. Here several
elongated mounds of fluvioglaciasl deposits not only run parallel to,
rather than down, the slope contours but also run from west to east
across the present valley, the significance of which has already
been discussed,

Elsewhere/
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Elsewhere the lower slopes and floors of the main
valleys contain the major share of fluvioglacial deposits. In
the valley of the Nethan numerous pockets of sand and gravel are
founde The largest of these is at Auchlochan, (Fig. 9) where an
undulating hill of fluvioglacial deposits stande about seventy-five
feet sbove the valley bottoms A fifteen foot exposure at the base
of this hill did not reach the bottom of the deposit. The material
ranges from coarse, unsorted gravel, as much as one foot in diameter
to fine, stratified gravel and sand but several boreholes and trial
excavations carried out in January, 1967 showed occasional till
lenses within the deposit. (Kings and Company Limited) The
irregular form and intorxis.l composition of the hill suggeat that it
" is a remnant drift deposit which originally completely infilled the
Nethan Valley and has only been partly removed by subsequent river
erosione It hardly fits the Geologicasl Survey description -« a "low
river terrace" |

In the Douglas and Lower Poniel Valleys dissected sheets
of sand and gravel are found, (Figs 9) These are well stratified
with considerable sorting of the individual layers, Occasionally
more prominent, irregularly shaped, keme-like masses occur,
occasionally containing enclosed depressions in their surface. A
rare opportunity to examine the entire, internal structure of
one of these masses was lost when, in 1962, a construction company
completely removed tho eighty foot high Boncastle Hill in the Douglas
Valley floor south of Happendon (still shown on 0.S. maps), Some

information on the external form and internal composition of this hill,

as/
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a8 provided by the company concermed, (Jas. Anderson and King Limited),
is shown in Figure 19. The contoured plan and the cross-profile
diagrams indicate the circular, steep-sided nature of this hill with
indentations in its upper parts. These features imply an ice-contact
position during its formation., Stratification was frequently
observed in the mound and the particle size analysis of the component
material showed 35% of gravel and 607 of sands All the material
was used to construct the adjacent sections of the A.74 dual
carriageway. In the Geological Survey, Prift Sheet 23, this hill,
is classified as an "alluvial cone". The characteristics, as
presented here, suggest it was a kame, possibly formed after the
manner of a perforation deposit. (Cook 1946).

In the lower Poniel and Douglas Valleys numerous,
subdued, elongated mounds of sand and gravel between twenty and forty
feet high and up to three hundred yards long give the landscape &
rolling appearance and suggest an origin due to the dissection by
meltwaters of an extensive sheet of sand and gravel. One associated,
but isolated, ridge of fluvioglacial deposits, two miles east of
Coalburn, (Fig. 9) with a maximum height of twenty feet, thirty to
forty yards in width and four hundred yards long, has the external
form and the internal composition cheracteristic of an esker, (steep
sided, narrow, elongated and undulating ridge, composed of
alternating and irregularly stratified beds of sand and gravel).

The ridge has an unusual right angled bend perhaps suggesting
control by structures within the ice, It is interesting to note

that over a wide ares this esker and the neighbouring, more kame~-like

sand/
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sand and gravel mounds, some with flat tops, appear to have a
uniform summit level at approximately seven hundred and five feet,
suggesting, perhaps, control over deposition by an englacial water
table (Sissons 1960 pe. 135). This conclusion is further added to
by the consistent heights, again just over TOO feet at which the
associated meltwater channels terminate (23,21,19,12,11 and 10 Fig. 14).

The greatest concentration of fluvioglaecial, depositional
forms in Ares 1 is in the Douglas Valley near its confluence with the
Clydes At thise locality an undulating terrace of sand and gravel over~
lying till begins near the end of & series of meltwater channels,
(847 and 4 Fige 17) These undulations increase in dimension and
the terrace gives way eventually to a series of distinct, elongated
ridges as much as eighty feet high (Ph 13). The ridges vary in
height from twenty to eighty feet and in breadth from thirty-five to
one hundred yards and ususlly have quite sharp ridge crests. (Ph 14)
Although the whole system parallels the orientation of the Douglas
Valley, the individual ridges branch frequently and often run at
right angles to one another, (Fige 17) Their internal composition,
stratified sands and fine gravels, their elongated ridge form,
sharp crests and steep sides suggest an esker origin.

Agsociated with this complicated pattern of linear
ridges are two isolated conical hills and several, small, completely
enclosed, eircular depressions. Two similar but more~elongated

depressions are also found and the larger of these is interpreted

on/
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on the Geological Survey, Drift Sheet 23, as a"glacial meltwater
channely Its morphology, shallow and broad-floored, and its
abrupt termination against one of the elongated ridges, suggest
that they too; like the nearby kettle-like depressions, might
owe their origin to the melting out of bumied ice masses. Taken
together all these features present impressive evidence for a
stagnant ice mass of considerable thickness downwasting in this
position. (The interconnecting ridges would have been destroyed
kad the ice been active). The rocke-type content; 42/ Carboniferous,
364 0ld Red Sandstone and 22% 'Southern Uplend', (No. 9 fig. 20) and
the elongation of the ridge crests parallel to the main valley are
completely in agreement with the evidence of a south-west to north-east
ice movement of ice originating in the Western Southern Uplands,
Eight other rock-type analysis were carried out on the
gravels of Area I, (Fig 11)s In the heart of the "Silurian Hill"
area in the headwaters of the Logan, a stone count (No. 1 Fig, 11 and
20) revealed that 907% of the pebbles were local, 8% were of 0ld Red
Sandstone derivation and only 2%, the second lowest total for any
gravel deposit in Central Lanarkshire, were of Carboniferous
material.
In the lower stretches of the Upper Nethan Valley at
Over Stockbriggs three rock type analyses were performed at one
exposure, (Exps, 4 Fig. 14), the stratigraphy of which has slready
been described. The following table shows the results in their
stratigraphical position,



TABLE IV

Percentage of Pebbles derived from:e
Rock Type Anaiyels No, giTend — Cerboniferous O.M.8.  B.Uplands

(Fige 11)
No. 2 (Gravel) - 36% 34% 30%
No. 1 (Til1) - 68% 26% 6%
Ho. 3 (Gravel) - 42% 38% 20%

The main differences in the two sets of gravel results are the higher
and lower percentages of Carboniferous and Southern Upland pebbles
respectively in the lower gravels. (No. 3). The simplest explanation
might be that the lower gravel was laid down by meltwaters which were
in direct contact with the Carboniferous bedrock, whereas the waters
depositing the uppermost gravels were running on an already drift
govered surface (Table I).

These fairly balanced proportions of different rock types
probably reflect the geological position of the site = three miles east
of No, 1, (Figs 11) in a position more removed from Siluriansource
material, underlasin by Carboniferous strata, yet within a mile of
0ld Red Sandstone sources.

Two further stone counts of rock-types were made doms‘tremn.
At Auchlochan, (No. 4 Fig.11l), the anomalously high figure of 48% of
'Southern Upland' meterial was obtained, whilst Old Red Sandstone and
Carboniferous rocks contributed 267% and 247 respectively, At No. §
(Fige 11 end 20) the Carboniferous and OldRed Sandstone rocks, 42% and

40%/
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407 respectively, had increased at the expense of 'Southern Uplend'
material (18%), The overall pattern of these results certainly
indicate a movement of meltwater away from the southewest 'Silurian
Hills' to the north-east, with the percentage of Southern Upland rocks
decressing from 907 to 18% in the process.

In the Douglas Water drainage basin four rocketype
enalyses were completed, Nos, 6,7,8 and 9. (Fig. 11 and 20), Nos. 6

and 7.

IABLE V

Percentage of Pebbles derived from:
Gravel Rock Type

Analysis (Fig. 11) Highland Carbonifercus Old Red  'Southern
Sandstone Upland'

6 - 56 22 22
7 - 50 30 18
8 2 46 40 12
9 - 42 36 22

are very similar with the difference in the proportion of 0ld Red
Sandstone material probably closely reflecting the proximity to the
nearest source sreas. At site No. 7, noticeably further from
Southern Upland rocks than any of the others, the proportion of
Southern Upland rocks is correspondingly depressed. At site No., 8
only one mile east of the extensive Carboniferous basin, (Pige 11)
the proportion of Carbonifercus rocks is less than at any of the

other sites and the figure for the 0ld Red Sandstone proportionately
hishor./
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higher,

It is proposed that all of these gravel rock-type
analyses can be explained by, and therefore help to confirm, the
patterns of ice movement and meltwater drainage already presented.
In particular the consistently high, but decreasing north-eastwards,
percentage of 'Southern Upland' rocks agrees with a Western Southern
Upland ice source and a strong Bbuthpvent to north-east ice movement
through Area I.

Several of the exposures in Area I allowed the
examination of gravels overlying till (Fig. 11), It is interesting
to compare the rock-type contents of g;acial and fluvioglacial

deposits which occur at the same site,

TABLE VI
Comparison of Rock-Type Contents of Cravels

Loca= Site Glespin Site Glespin Site Over Site Lower

tion To. Burn No, o, StockbriggsNo, Nethan

TeCaOs SoUs Hs C.0. S,U H, C,0.5.U. H, C. 04 8,0,

Gravel 6 =-5622 22 7 25030 18 2 =~ 363430 5 =~ 4240 18
P11 9 6022 14 4 -5624 20 1 -682 6 2 66618 6

From this, albeit rough, guide it can be seen that in all
four examples, the local bedrock, Carboniferous, comprises a smaller
proportion of the pebbles in the gravels than in the tills. The
average decrease is 16.5% In each case there is a similar increase
(19%), in the proportion of mon-locsl, i.e. non-bedrock, pebbles in
the/
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the gravels compared with the till‘s. Without considering the vexed
question of the true- source of the gravel pebbles, the obvious
implication is that the source area of rock types in fluvioglacial
deposits is much more extemsive than that of the tills on which they
reste It is unfortunately impossible to give any exact indication of
the distences involved in the transport of till and gravel pebbles for
reasons which have already broached upon, viz. the difficulty of
establishing the true source of any individual pebble and the problem
of multiple transport of the same pebble not only at different periods

but by different transporting agents.

8. Glacis) History

Although, there is some evidence to suggest that ice
from the north may have at some time penetrated Area I, (Orientation
of through cols in the higher levels of the Hagshaw Hills and on the
north-west boundary (Fige 9), and the occasional Highland erratics),
the bulk of the evidence indicates that the invading ice masses were
generally of Southern Upland origin. If one assumes that the
surface till is the produst of the last ice advance then the results
of the till fabric and rock, type analyses and the morphology of the
features certainly indicate that the main ice streams during the
last ice advance came from the south-west,

The conditions during the wastage and decay of the ice, as
revealed by meltwater drainage patterns and fluvioglacial deposits,
accord with this conclusion., At an early period during deglaciation,
when ice still covered the watersheds, the drainage was directed from

south-west/
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southe-west to northeeast indicailing an ice gradient in this direction

and therefore a source to the southeweat. Even during later stages

of deglagiation, when large areas were covered by stagnant ice and

conditions were more influenced by local relief, the same orientation

remained common. In the Coalburn and Uppei' Logan Water areas (Fig., 9)

the deflection of meltwater drainage to a more west-east direction,

sometimes with a southeeasterly component, may indicate a tributary

ice stream entering Area I, from the Avon Valley to the northewest,

via the low through cols on either side of Dunside Rig. (Fig. 9).

(1200 ft. 2nd 1,100 ft. respectively). Thie ice stresm would

certainly have been more effective when the higher through cols of

the Auchengilloch/Hagshaw Hills to the southewest no longer allowed ice |

penetration from this guarter. The striastion on Dunside Rig, (Fig. 9),

may support this argument,

(1) The whole of Aves I was overmun during the last glsefation |
by ice originating in the Western Southerm Uplands. The ‘
highest till cccurrencies are at .e&. 1500 ft. on the |
slopes of Nutberrzy Hill in the west., (Exp 12, Fig. 13) |
In the eastern parts of Area I, with lower altitudes, bare
rock frequently outcrops sbove 900 feot (rig, 9). The
highest meltwater channel, at, 1,450 feet, gives a minimum

altitude for the ice surfece in the west, lLastwards,
although admittedly with lower altitudes, there is no

evidence of fluvioglacial features above T00 feet on
Broken Crose Muir and sbove 950 feet at the eastexn

end of the Douglas Valley (Fig, 9).
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Whilst there are indications of an earlier ice adveance, in
the presence of high level north-west to south-ecast through
cols in the Hagshaw Hills, this is nowhere confirmed by
definite stratigraphical evidence.
The general pattern of meltwater drainage suggests a southe
west to north-east ice gradient and therefore a Southern
Upland source. Locally, however, in the Coalburn area
the orientation of meltwater channels suggests a tributary
ice stream from the northewest. (Fig. 9).
During deglaciation there were three main areas of
fluvioglacial depositions These were on the floors of the |
three main valleys of the Nethan, the Poniel Water and the
Douglas Water.
The fluvioglacial deposits are of variable composition and
origin, Many are of considerable volume and contain
sufficient sand and gravel to have a commercial walue under
present conditions. They will be considered from this

point of view in a later chapter,
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CHAPTER IuI
AEA 11
1. atio E

Area II occupies the entire eastern section of Central
Lanazkshire. Its boundaries are geometrical rather than natural,
The border with Area III is a north to south line almost midway
through the thesis area as 2 whole. (Figs 1) The south-western
boundaries with Area I are such that they exclude the drainage
basins of all the streams, apart from the Drumalbin Burm, (Fig. 23)
which flow to the Douglas Water. The southern boundary is partially
delimited by the watershed of the dominating felsite massif of Tinto
Hill and its neighbours. On the east and north the straight-line
boundaries are those of the thesis area as a whole.

Area II, therefore, extends from north to south across
the whole of Central Lenarkshire., Its northern parts became
progressively more "Central Lowland" in character whilst the
southern margins are directly in contact. with the Southern Uplands.
It is, however, important to note that Area II is further removed
from the more western and wetter renges of the Southern Uplands than

Area I.

Ze

In many ways Area II is the most varied of all these
regional divisions. In the floor of the Clyde Valley to the north
(Fige 23) it contains the lowest altitudes in Central Lanarkshire,
(ca.150 feet)/
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(ea.,150 feet)s On its southern boundary, Tinto Hill (2,335 feet)
rises high above all other hills in Central Lenarkshire. Extensive
smooth plains, (Thankerton), almost featureless, till-covered,
plateaux, (west and east of Crossford); bleak, sparsely drift-covered
moorlands, (Cartland Muir and the southewestern foothills of the
Pentlands); and igneous intrusions, forming bold, upstanding hills,
are all fouﬁd. (Fige 23) |

Perhaps the only unifying feature of Area II is the
valley of the Hiver Clyde which runs diaéonally agross it from southe
east to north-west and in doing so collects the drainage of all its
streamss The present course of the Clyde is complex. it ent;m
Area II at its south-~east cornmer and after flowing northwards in a
broad, flat=-floored but steepsided valley (Ph 15) between the
isolated ;111 masses ofvi‘in’eo, (25335 feet). Quothquhan Law
(1,087 feet), end Cairngryffe Hill, (1,131 feet), the river emerges
into the Carstairs Min (Fig. 23). This extensive basin is almost
completely covered by fluvioglacial deposits. The surface of these
deposite is generally undulating end the basin has a flat floor only
where subsequent river erosion has smoothed the irregular surface, |
The altitude oi‘ the basin varies from 600 feet to 700 feet except
where a few more prominent fluvioglaeial ridges protrude sbove this
levol.. On all sides, excebt where streams enter or leave, it is
surrounded by rising ground, The several large streams flowing into the
basin occupy deep and often wide valleys e.g. the Douglas and the
Medwin Valleys, (Figs 23)s In contrast there are only two drainage
exits and both of these occupy canyon-like valleys. The first and

major/
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major exit is that of the Clyde at Bomnington/New Lanark, where the
Bonnington and Corra Linn waterfalls have a combined drop of 189 feet
"the greatest waterfall in Britain" (Ogilvie 1928 p. 417) (Ph 16).
The lesser, but equally spectacular exit, is that of the Mouse Water
which at Cartland Crags, one and a half miles north of Lanark, shows
a vertical incision in excess of 300 feet. (Air Photo 17).

From Lanark to Crossford, the Clyde contimmes to flow in
a narrowly confined valley with rapids and bedrock frequently seen
on the valley floor. In this section, at Stonebyres, the third
and final waterfall of the Clyde can be seen. At this stage, on the
west bank of the Clyde, there is the triangularly shaped massif of
Black Hill, (960 feet), Dillar Hill, (1,013 feet), and Darnfillan Hill
(1,060 feet)s On the east, beyond the conspicuous, but unoccupied
trench, hereafter termed the Nemphlar Chamnel, rise the moorlands and
hills of Cartland end Kilcadzow (Fig. 23).

Below Crossford, the walley of the Clyde, although
retaining its steep sides, has a broad velley floor across which the
river meanders widely, (Ph 18), The steep, flanking valley sides,
in excess of 200 feet high, give way on either side to the extensive,
smooth, plateaux surfaces so common around the periphery of the
"Glasgow Basin". (of. "the Higher Lowland Peneplane" of Ogilvie 1928
Pe 413)s The plateaux surfaces here renge from altitudes between
400 feet and 600 feet. The rivers which drain them frequently run
in steeply incised ravines, and often have the suffix "gill" attached,
indicating their great degree of incision e.g. Rae's Gill, Carcain Gill,
Maregill Burn, All of these, apparently very "youthful" streams,
flow/
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flow into the River Clyde and their characters presumably reflect changes
in conditionswhich have also affected the trunk stream.

The River Clyde, therefore, not only appesrs to give some
degree of unity to this otherwise diverse area, but also through its
complex history probably contains the snswers to many of the problems
of landscape evolution in Central Lanarkshire, It will, therefore, be
appropriate at this point to look at the Clyde in greater detail.

In its upper course, above Hyndford Bridge, (Fig. 23)
the Valley of the River Clyde exhibits all the characteristice
associated with the Davisian concept of "maturity", (Davis 1909).

The broad valley floor has an extensive flood-plain track (Fig. 21)
over which the Clyde meanders widelys Artificial and natursl levees
help restrict the river to a course which, however, shows frequent
abrupt changes in direction. Textbook examples of migrating meanders,
cut-off lakes and offset confluents can all be seen. (Ph 19), From
Thenkerton to Hyndford Bridge, a distance of approximately thirteen
milesy the river falls 68 feets The gradient, therefore, is of the
order of 5,3 feet per mile, In the whole of this stretchthe smooth,
long profile is unbroken and bedrock is not seen except where a series
of rock outerops cross the river's course just above Hyndford Bridge.
(The gradients quoted for the various sections of the Clyde's course
are approximations. Altitude data was obtained from the 23" and 6"
Ou5¢ sheets and the length of the river's course in ite appropriate
section was obtained from the 23" 0.S. maps),

Below Hyndford Bridge, after taking a pronounced

southward/
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southward loop, the river again flows northwards. Here,however,
all the signs associated with "maturity" suddenly disappear.
Throughout its course to Crossford the river is incised into solid
rock and at three separate localities, Bomnington, Corra Linn and
Stonebyres, it plungees over waterfalls. The ravine-like nature of
the valley with precipitous, almost vertical, slopes is maintained
as far as Kirkfieldbank. (Ph 17) Beyond this village, as far as
Crossford, although the valley is conspicuously less gorge-like,
there is again a complete absence of the "mature" features of its
upper course. The overall gradient of this section including the
falls, is about 418 feet in six and a half miles, i.e. 65 feet per
mile.

North of Crossford, where the Clyde is incised into
the plateaux surfaces, the valley combines some of the features of
both "youth" and "meturity”. The valley sides are again extremely
steep and as much as 300 feet high, yet despite this there is a well
developed flood plain across which the river meanders, frequently
being maintained in its present course by artificial levees. Bedrock
is seen neither in the valley floor nor the valley sides and the river
gredient is as little as 8 feet per mile in the stretch from Crossford
to Rosebank (Fige 21).

The course of the Clyde through Central Lanarkshire is a
very complex one. The course which formerly joined the upper and lower
more "mature" sections is obviously not the present one and although
the Nemphlar Channel may be a remnant of this abandoned course, there

is no similar evidence of the abandoned course in the vicinity of
Llnuk./
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Lanark. It will be shown later that many of these features can be
related directly to glacial "interference". At present, however, two
conclusions already arrived at by researchers, e.g. {Stark 1902 and
Gregory 1915) can be repeateds (1) The Nemphlar Channel is a former
course of the River Clyde, which connected the section below Crossford
with one, now buried and no longer visible, in the vicinity of Lanark,
(2) The present gorge section from Crossford to Bonmnington post dates
the abandoned Nemphlar Channel and is the most recent course of the
Clyde, although not necessarily of the same age along its whole length,
The full evidence of these conclusions and their implications on the
events of glaciation and deglaciation will become clearer in the
discussions of the ensuing sections.

Even in the more remote corners of Area II the influence
of the Clyde can be seens In the extreme south, in the area adjacent
to and north of Tinto, isclated hills, 900 feet to 1,200 feet high,
alternate with broad and deeply incised valleys the floors ef which
are generally below 750 feet (Fige 25)s Linton (1934 p. 84) maintaing
that these west/east oriented valleys were once occupied by streams
which flowed eastward through the "Biggar Cap" to join the Tweed
drainage system, All of these streams have now been diverted by the
encroachment of a "pirate" Clyde,

The north-western part of Area II also drains to the Clyde.
The main stream here is the River Nethan which emerges from Area I,
This river flows in a deeply incised gorge which is eroded into and
drains the extensive remnant plateaux surfaces (450 feet - 700 feet)
and/
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end the more upstanding hills composed of felsite intrusions e.g.
Black Hill 960 feet.

Borehole informetion snd other evidence (presented in
subsequent sections) indicate another complication in the already
complex history of relief and drainage evolution in Central
Lanarkshire, At numerous localities the main rivers, now in
ravine-like courses, run parallel or adjacent to valleys, often
of greater dimensions, which are now infilled by glacial and
fluvioglacial deposits. These buried valleys, the Nethan, the Clyde
and the Mouse all possess examples of them, reveal a drainage
pattern similar to that of today, with the Clyde forming the major
trunk stream, The buried valleys are normally designated "Pre
Glacial"™ although it is uncertain whether this implies that they
were cut prior to the last readvance of ice into Central Lanarkshire
or before even greater, earlier ice advances. Their significance to
the glacial history of Area II will be fully discussed in later
sections,

Deep dissection by rivers is especiazlly noticeable in
Area II. To the south there is & greatly dissected upland area
whilst to the north the rivers are deeply eroded into the otherwise
often featureless plateaux, The extensive Carstairs Basin is
anomalous in that it forms a large area of lower land, is not greatly
dissected by rivers and yet has its own distinctive landform pattern.
The regional differences and complexities of relief and drainege
evolution in Area II suggest a long end complex history.
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3¢ Geology

The most simple description of the geological structure
of Area II is that it is a broad syncline dipping northwards. As a
consequence the oldest rocks should occur in the south end the youngest
in the north. That this is only part of the story can be eeexﬁ from Figure
22, TFolding, frequent and severe faulting and lengthy pericds of
erosion have led to the present much more complicated patterm. Along
the southern boundary of the area the dominating Tinto Hill indicates
the presence of the largeaf felsite intrusion in Central Lanarkshire.
(Fige 22) Around its periphery 0ld Red Sandstone sedimentary and
voleanic rocks form an almost complete ring. To the northewest,
however, the Carmichael Fault brings a wedge of Silurian strata, the
only one in Area II, into direct contact with the felsite intrusion,
- To the north of this older inlier Old Red Sandstone sediments,
occasionally containing felsite intrusions, e.g. Cairngryffe and Black
Hill, ocoupy & broad central belt in Area II with an associated outlier
enst of Kilcadgzow. The remaining areas, the extensive Carstairs
Basin and the lower plateaux to the north are composed of Carboniferous
strata, It should be noted that to the north (Central Lowlands) and
to the south (Southern Uplands) of the area shown on Figure 22,
Carboniferous and "Southern Upland" rocks respectively become
increasingly dominant, eventually to the exclusion of other rock types.
The course of the River Clyde in Area II reflects the complicated rock
outerop pattern by successively passing over, 0ld Red Sandstone,
Silurian, Carboniferous, 0ld Red Sandstone and Carboniferous rocks in

its passage from southeeast to north-west across the Area,

Although/ |
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Although in general the felsite intrusions form the
dominant hill massee, (an important exception is found where the newer
gorge course of the Clyde, at Crossford, occupies a trench carved out
of this rock), 014 Red Sandstone rocks also occasionally give rise to
hill areas e.g. Dillar Hill, (1,017 feet), Quothquhan Law, (1,097 feet),
and Hill Rig (906 feet) (Pigs 23)s The lower platesux and basins are
everywhere best developed on Carboniferous rocks.

The Geological Survey Drift map, (No. 23), shows an
almost complete surface covering tof drift. Solid rock generslly only
appears at the surface on the high ground sbove 850 feet or in the
many deeply incised rock gorges. Field observations show that the
till cover frequently approaches 1,000 feet in altitude but only
rarely exceeds ten feet in thickness., In contrast, however,
extensive areas are covered by fluvioglacial deposits which not
only exceed thoge of Area I in extent and variety of surface
expression, but also exceed a depth of 50 feet over wide areas,
Despite this considerable extent, however, (at least equal to one
half the $ill covered area) there are only three main areas of
fluvioglacial deposition, The first occupies & hill enclosed
besin around Thankerton, the second, and one of the most extensive
in Seotland, extends from Lanark to Carnwath in the Carstairs Basin,
(Although in fact it appears to be continued beyond the boundaries of
Area II in both an easterly and westerly direction), The third
concentration, and the smallest, occurs as discontinuous belts along
both banks of the River Clyde below Lanark.

Smaller, isolated pockets of fluvioglacial deposits do
exist/
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exist e.g. Lesmahagow/Brocketsbrae snd Blackwood Draffan (Fig 23)
and these frequently are considered to have great significance in
explaining the pattern of deglaciation as will be shown later. A
particularly noticeable feature of the distribution of fluvioglacial
deposits in Area II is their concentration in lowlying basins and in
the main river valleys. There is little evidence of fluvioglacial
deposition having taken place regardless of the underlying relief
(contrast Area I Fig. 13).

Unlike: Area I there are no areas of "morainic and
earthy angular drift". There are, however, several widely distributed
localities in which "brick clays" are found. These are generally
blue/grey coloured clays, well sorted, (proved by laborstory experiment),
but occasionally containing pebbles. The clays are ususlly stratified
and their name is derived from the fact that they were formerly used in
brick meking although their present use is mainly in the making of tile
drains, On the Geologicsl Survey Drift Sheet, No, 23.,, these clays ave
only shown at sites where they are, or have been commercially exploited
(Ph 20), Field observation and hand sugiring have proved an even wider

distribution. Their occurrence, however, appears to be as isolated
pockete rather than widespread sheets. Their distribution and mode of

origin has considerable importance in determining deglaciation conditions
and will be discussed in detail later. (Section 6),

The origin and distribution of slope deposits in Central
Lanarkshire were discussed in the previous chapter. Such deposits

are found at only one locality in Area II. Not surprisingly, perhaps,
thie is on Tinto Hill, (2,335 feet), which towers above the
surrounding countryside. The deposits are widespread on this hill,

On/
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On the summit area they form sheets of angular shattered bedrock,
but where they are found on the very steep flanks of the hill welle
formed stone stripes (Phs 5 and 6) can be seen, The slope deposits
on Tinto are not fossil, Miller et alia (1954) indicated that the
stripe phenomena are actively forming at the present day., (This
contrasts with the slope deposit already described at Logan House
(Chap, II Section 3) which, being covered by a mantle of waterlaid
gravels appear to be a relic of an carlier cold period). The
continued absence of encroaching vegetation and the fresh appearance
of the rock fragments fully sccord with Miller's conclusions.

With the $ill mantle extending up to altitudes of 1,000 feet
and with only limited areas above this height, Area II has an even
more extensive and complete drift cover than Area I, In its depth,
composition and variety of surface expression it also exceeds that

of the previous areas

4. (Glagisl Erosion

The southewest to north-east streamlining of hill masses,
as seen to the southewest of Area I, is again noticeable in Aves II,
This is partiocularly true of the upland areas in the south where,
however, there are geological ressons which would also promote this
trend. The through col between Longmoor Hill and Tinto End (Fig. 23)
suggests an ice stream moving from a southewest source and overriding
these hills to & minimum depth of 1,200 feet,

To the northeeast of these hills several streamless
velleys are found, e.g. on either side of Cross Ridge and between

Whitecastle/
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Whitecastle and Black Hill (Fig, 23)s These are broad valleys
almost one mile wide and about 500 feet deeps Their origins are
obscure but their present form might, at least in part, be due %o
glacinl erosion. To the north the steep south end west facing
slopes of the Dillar/Black Hill magsif, developed without & bresk
on two different rock types, sandstones and felsite of 0ld Red
Sandetone age, end overlooking lower, smooth plateaux surfaces,
might well be the product of glacial streamlining and oversteepening.
Clacial erosion by ice from the southewest might also explain the
shape and orientetion of Hill Rig, one mile to the east of Kilcadzow.
(Fige 23)s Professor Linton (Presidentisl Address to I,B.G, 1963 p.13)
attributes the form of the valley of the Clyde between Hamilton and
Crossford, (Fig., 21), "with ite eteep end rectilinear slopes and
discordantly low base-level" to glaciel erosion., This valley he
maintains is an "ice-cut trough" of the "intrusive" types Throughout
the remainder of the Area, however, there is little definite evidence
of glacial erosion,

Further 1ﬁfbrmution about the direction of ice movement
in Area II can be derived from the distribution and orientation of
glacial strise as recorded by the Geological Survey, Four strise
in the Tinto/barmiehanl area confirm the south-west to north-east ice
movement, On the summit of Quothquhan Lew, (1,097 feet), however,
an isolated striation indicating an ice movement from south-southecast
to northenorthewest implies a vigorbnn glaciér, emanating from Upper
Clydesdale, strong enough to resist the push from the south-west (Fig.23).

In/
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In the northein parts of Area II, around the periphery of
Carflend Muir (Fig, 23), four strise indicate an ice movement from the
south-gast to the north-west., Within three miles to the north of
Cartlend Muir three further striae all show similar orientations
without indicating the source of the ices Further northwards, towards
the centre of the Clasgow Dasin, all the directional evidence, striase
and drumlin orientations imply an ice movement from the north-west.
The inference from this evidence is thet Highland and Southern Upland

ice have both invaded the area north of Carluke.

5¢ Glaei i

| Evidence of glacial deposition is widespread in Area II.
Even the highest moors and hillsides show indications of till cover,
(Geikie,(i&%, f. 79) found "relies of till mear the top of Tinto Hill"),
At lower altitudes in the valley floors the till cover normelly becomes
not only thicker but more continuouss In many areas, however, the till
cover is hidden beneath thick deposits of sand and gravel and its
character can onlyA be inferred from borehole informations

Field observations reveal a marked division between grey/

black tills in the northewest and red/brown tills in the south. The
line of division runs apyroximately from Kilcadzow through Crossford to
Lesmshagow (Figs 24)s Only at one section, No. 13 (Figs 22) was one
colour of $ill found to have trespassed this boundary for any distance,
implying perhaps a northerly penetration of ice at this locality.
The close association of this line with the geological boundary between
0ld Red Sandstone end Carboniferous strate can be seen on Figure 24.
Unfortunately/ .
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Unfortunately a lack of deep and fresh exposures mekes difficult the
recognition of definite red or grey %ills over considerable areas and
make it impossible to study in detail the relationships of the
different colours of till to the geological boundary. It was
originally thought that there was a relationship between $ill colours
and till textures. In the field the matrix of red till seems
grittier than the more clayey feeling of grey till. (Ceikie 1894 p. 78).
For this reason particle size analyses were carried out on several red
and grey tills, The results show that there is no apparent textural
difference between the different coloured tills. (Appendix I - B).

To the south the till has a characteristic sticky, compact,
red/brown nature, exactly like that found in neighbouring parts of
Area I, It extends up the hill slopes to altitudes of 1,100 feet and
is found on the summits of hille of lower altitudes e.g. Chester Hill
1,000 feets It is everywhere thin except in the valley bottoms,
On the hillslopes bedrock frequently appeare on the surfoce. On
Cairngryffe Hill, (Fig. 23), a large felsite rock guarry affords good
exposures on the hillside, No till is found from 975 feet to the summit,
(1,100 feet) except on the 10;.. north-east facing, slope where it
reaches 1025 feet, The highest till exposure on the west facing slopes
is in a burn course, where a minimum of six feet of fresh red/brown till
can be seen, On Cartland Muir and the hills beside Kilcadzow any
prominence, as a consequence of the thin till cover, reveals solid rock
at the surface, e.g. Kiloadszow Law, Although depressions in the rock

surface of the Muir allowed a greater accumulation of %ill, frequent

disused/
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disused quarry sections show a general maximum till cover of only
three fects This forms a thin sheet which very rarely has any
definite topographical expression.

In the valley floors the till is usually overlain by
fluvioglacial deposits and because of this good, deep sections are
difficult to find. As a consequence, in the southern part of the
area "it is often difficult to differentiate between till and
stratified drift since the till often contains numerous rounded and
partly rounded stones from the 0ld Red Sandstone conglomerate"
(Sissons 1961 p. 177)« The fine material derived from this roek
may also be miaisadiné for it provides a gritty feeling to the till
matrix, Where good fresh exposures are available however, there is
no difficulty in differentiating betwoqn glacial and fluvioglacial
deposits,

| Three good sections in the valley of the riorth-flwing

Carmichael Burn provide a clear picture of the valley floor drift deposits

(Exps. 8,10 and 11 Fig. 25).

TABLE V11

Expe 8 2 ft. stratified sand Exp,10 10 ft.,. Expsll 10 ft. red brown
and fine gravel redbrown i1l

Pige25 T ft. red brown till Fig.25 till Fig.s25 20 ft. stratified

sand and fine gravel

The middle exposure, Exp., 10 is also shown on Figure 22 as
No. 6. The other two sections are also in the side of the Carmichael

Burn/
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Burn one half mile to the north and south respectively., At the
northern-most section seven feet of red/brown till is overlain by
two feet of stratified sand and fine gravels At the middle section
only till is present, The sauﬁhemqmast site shows ten feet of till,
exactly comparable in appearance to that of the other two. The till
overlies a further twenty feet of stratified sand and fine gravel,
The almost horizontal stratification, lack of disturbance snd fineness
of the material in the underlying fluvioglacial deposits are suggestive
of an extra-glacial, calm water, depositional enviromment. The till
at this section caix be traced northwards without a break to the other
two sites.

At the middle site the character of the till was
investigated in dctsil, The till fabric diagram No. 6 (Fig. 15) shows
a very strong orientation soutksouthewest to northenorth-east., The
percentage of stonmes falling into the maxims quadrant, 46/, is rather
less than might have been expected, but this is only so because of the
high proportion of stones, (40%), in the opposite quadrant. The till
fabric, therefore, gives an excellent indication that ice moved through
this area from south-southewest to northenortheeast, The red brown
colour of the till agrees with this origin and the rosulf of the rock
type analyses, 10% Carboniferous, 767 Old Red Sandstone and 14%
Southern Upland rocke is exactly what one might expect from an ice
movement, with this trend,passing over the surrounding rocks (Fig., 22).

The most simple explanation of the stratigraphy of the
southernemost exposure (Exp,11 Fig, 25) is as follows. The low
through col, 840 feet, between Stone Hill end Black Hill (Fig. 23) end
the/
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the valley of the Douglas Water to the north would allow an earlier
penetration of ice from the south-west than the through col at 1,125
feet between Longmoor Hill and Tinto End., This means that any
drainage along the present course of the Carmichael Burn would be
ponded back by the active ice streams in the valleys to the north.
Thus a lake would tend to form at the site of the southern-most
exposure. The sediments here are, therefore, quite possibly
meltwater deposite laid down during the advance of the ice. Vhen
the thicknees of ice increased sufficiently, the through col at Tinto
“nd would be overridden and the ice moving over and eclipsing the lake
would deposit the overlying till, The disappearance of the ice,
without further deposition, would leave the stratigrephy as it is
geen today.

From the evidence of strise orientation, streamlining of
relief, till fabric orientation and rock type content of tills alone,
a south-western ice origin seems to be the only likely possibility in
this part of Area II, In the absence of any contrary evidence it is
assumed that this ice was of the same age and origin as that which laid
down the deposits of the adjacent Douglas Valley in Area I.

Over the extensive Bonnington/Carstairs Basin the extent
of glacial deposition is obscured by the thick mantle of fluvioglacial
deposits. Al)l information about the till is derived from exposures
marginal to the main basin and borehole records. On the high ground,
(650 feet) above the Clyde gorge at Lanark a recent excavation, Fxp.7
Pigs 26, revealed fifteen feet of drift without striking solid rock.
The till in this exposure was very compact, tough and red/brown in

colour/
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coloure It occurred in lenses of up to twelve feet in length and
several feet in diameter rather than as one continuous stratum.

The larger part of the exposed face (one hundred yards long and ten
feet deep) was composed of irregular masses of sand and sandy clay
material, These deposits only rarely showed any indication of
stratification. The character of the deposit was consistent with
the sbove description throughout its length.

To: the east of Lanark several exposures on the northe
western margin of the Carsgtairs Basin exhibit solid rock at the surface.
(Pxpss 11,12 and 13 Fige 27)» . Solid rock also occurs in all the
exposures on the high ground to the north and east of the basin,

(Expes 3,7,8,23 and 26 Figs 27)« The lower slopes, however, normally

have a cover of till several feet deep e.g, Exps. 15,16,9,1 and 4 (Fig.27).
The till cover tends to terminate above 875 feet. Below 750 feet the

till becomes increasingly covered by fluvioglacial deposits and in the
floor of the basin itself, (i.e. below 700 feet) two boreholes more

than 50 feet deep and penetrating to bedrock failed to show the

presence of till,

Two of the sites, peripheral to the Carstairs Basin, where
till is exposed, were further investigated. Both of these are on the
northside of the basin. The first, Exp. 1 Fig 27, shows a minimum
thickness of eight feet of red/brown $ill., The till fabric shows a
strong preferred orientation from south-west to northe-east, although
with three separate peeks (No.7 Fige 15). Fully 69% of the stones were
contained in the peak maxima quadrant. The rock type content analysie,

(No.7 Fig. 16), shows 96/ Carboniferous and 475 Southern Upland rocks,
A/
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All the Carboniferous pebbles are of s relatively soft marly sendstone
found locally in the underlying Caleciferous Sendstone Series., Almost
the entire bedrock of the Carboniferous Carstairs Basin is composed of
this series. [Further outcrops of this rock type are found several
miles to the west. However, in this case the rock type content and
the till fabric orientation do not accord, The exposure site is on
0ld Red Sandétone and the south-west origin indicated by the till fabrie
would certainly suggest a considerable proportion of these rocks in the
sample and yet no 0ld Hed Sandstone fragments ere to be found,

Other peculiarities are found in the till of this area.
At an altitude of 700 feet in the western edge of Cartland Muir, near
Braidwood, (Fig., 23) a deep deposit of clay is found. This was
formerly worked for the making of 'Terra Cotta' bricks. « Henewed
excavations have revealed fresh exposures and together with borehole
records obtained from the National Coal Board and the local contractor

allow a detailed examination of the clay's distribution and depth.

TABLE V

Bore 1 700.2ft 0.D. Bore 2 686.9ft. (D. Bore 3 682.4ft OD Bore 4 661.88®

ins Soil T IR, NS0 W M S T S ¥ M |- T
th.s ins Yeliow 13ft.3ins _Red  15f%,9ins _ Red 7ft.3ins Soft
clay Slay Clay Clay
8ft.8 ins Herd 13ft.1] ins Solid 16ft.5ims  Solid 8ft.5ins Red
Packed - Clay
Sand ' 16f%.5ins

)
2615, Solid

Bore 5 66947 £ts 0.0 Bore 6 657 £t. 0.Ds

6 ins Soil 6ins. Sef2
1 « Red San
7£%.6ins Red Clay 13£88ins &

8ft. Selid 21 ¢4,8ins, Solid
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(The boreholes sre arranged almest in a line from
north to south (Noss 1 = 6 respectively). The distance from No, 1
to No. 6 is 400 yards).

The clay has a colour which ranges from bright yellow
on the surface, possibly due to weathering, %o a more characteristic
deep, reddish purple beneath. It contains occasiocnal stones, which
however, are often soft and friable and with their reddish purple
staining are difficult to recognise. Almost all of these are again
soft marly sandstones and the underlying rocks are shown on Sheet 23
as the Cementstone Croup described by Beikie as "lower limestone
resting upon a similer series of red and grey grits, sandstones,
{ireclays, shales ete" (As Geikie 1873 pe20)e This highly distinctive
and uncommon clay material is not described in any of the Geologiocal Surveyl
reports. Its origin therefore is problematic and although samples were
shown to various authorities none of them were able to oifer definite
conclugions. From its appearsnce, as alrendy suggested, it was thought
thet it might be a weathering product of the local bedrock. This
conclusion was discarded for several reasons: (1) Nearby exposures of
bedrock did not show signs of extensive weathering., (2) The clay was
not widespread but appeared toc occupy on elongated depression. (3)
Several erratic fragments of coal and one ironstone nodule, like those
of the Coal Measure Series, were found in the clay, implying that it
was not of purely local origin, (4) Borehole No. 1 indicates a sand
layer separating two clay layers suggesting that the whole series is
a drift rather than a weathering product.

Although/



«90=

Although at the Cartlend Muir site the clay appeared to
be located in a pocket, it wes also found at site Ho.8 (Fig. 22)

(éh 21). Here, however, its colour was of mixed purple and green
hues and it contained numerous boulders, A sample of the clay was
subjected to a particle size snalysis and the resulte, (No.8

Appendix I A), were indistinguishable from those of the other tills
saupléd, The rock type content (No. 8 Fig.16), was almost exactly
the same as its neighbour, lo, 7 Fig. 22 and showed 96 Carboniferous
rocks and 2° 01d Red Sandstone rocks. It was ooncluded therefore
that the clay material found on Carfland Muir (Fig.23) and at site
Noe8 (Fige 22) is in fact a glacial deposit the various bright colours
of which are a result of the highly coloured Calecifercus Sandstone
Seriess The appearance of the tille in the field, however, is
suggestive of extensive and thorough leaching, Despite the fact

that the source rock « the Cementstone Series, contains a large
proportion of calearecus material the t$ills give no reaction with
dilute hydrochloric ecid, again, perhaps, o sign of weathering., It ie
significent, however, that only in this area are these weathered tills
%o be found, a point which will be returned to later,

The great depth and extent of fluvioglacial deposition in
the Cerstairs/Bonnington avea mekes it difficult to assess the extent
and cheracter of glacial deposition. Fortunately, however, there are
several reliable borehole records in the area., Thus, in the western
part of the basin the boreholes put down during the construction of the
Bonnington Hydro Flectric Power scheme tumnel (Fig, 26) in the 1920s
are of great importances Borehole No., 3 (Fig.31) ~ ghows 48 feet of

sand/
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sand, clay and gravel overlying a minimum thickness of five feet of
boulder clay. Ross, (Summary of Progress. Geol. Survey 1926 p.158),
concluded that this latter deposit was "the ground moraine of the

Douglas Valley Glacier which entered the Clyde Valley from the southewest".
Hone of the nine other boreholes put down, nor the records of the

opencast workings show any evidence of the till deposit, Three other
boreholes in the flood-plain of the Mouse, i.e. in the central part of
the Carstairs Basin, all penetrated to bedrock without showing a till
stratum (Section 6).

Although the till cover in Central Lanarkshire is
generally much thinner than in the "Drumlin Belts" of Central Scotland,
the plateaux surfaces in the northern parts of Area II have a fairly
uniform till cover, about ten feet in depth, dependent on local relief
configuration. In the extreme north this cover achieves its maximum
depthe Fresh sections in the new motor way (M 74) construction north
of Draffan, reveal till depthe ranging from 15 feet to 35 feet over
extensive areas, Despite this depth few true drumlinoid forms are
found. Only two well developed samples are to be found (northewest of -
Draffan Fig 23) and both of these display a north/south orientation.

In these northern plateaux areas the till is uniformly grey/
black in colour (Fig 24). Ite tough, compact nature and high content
of Carboniferous rocks give it an appearance comparable to those tills
found in the Glasgow area, At most of the exposures visited there
appesrs to be neither over nor underlying fluvioglacial material and
the till is normally seen to rest on solid rock (Exp.9 Fig.22).

The/
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The till cover of the plateaux surfaces to the west
of the River Clyde is generally thicker than on the comparable east
bank plateaux. At Exposure 10, (Fig, 22), in a fresh motorway
cutting to the northewest of Netherburn a till fabric study wss
undertaken. (This site is on the boundary between Areas II and III
and will be mentioned in Chapter IV), At Exposure 10, (Figs 22), the
till fabric shows a distinet concentration of stones in the south-west
quadrant, Although the fabric shows a rather widespread peak, the
south-western pesk maxime quadrant contained fully 63% of all the stones
orientateds (No. 10 Figs 15)s The rock type analyses of the till reveal
827% Carboniferous, 14/ 0ld Red Sandstone and 4/ Southern Upland, This
composition of rock types, especially with the absence of Highland
erratics is certainly in accordance with an ice source to the south-
west as suggested by the till fabriecs At first, this conclusion
appears to be contrary to the generally held belief that ice from
the South Western Highlands ,shown diagrammatically by Charlesworth,
(1926 Map oppe P+50), penetrated these platesux areas via the Glasgow
Basin .(Fig. 5) Sissons, however, in his paper on the Perth Re-advance in
Central Scotland (1963, Pt I p.154) suggests that the ice stream
from the Glasgow Sasin was added to by a strong ice movement from the
southewest via the Avon Valley, a conclusion which supporte the
conclusions already stated.

A till analysis was carried out at a comparable site onm
the plateau level at 760 feet on the east bank of the Clyde. (No.9 Fig.22)
Here again there is & minimum thickness of ten feet of grey/black
$ill./
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till, A stone orientation at this locality, however, reveals a
fabric which for the first time has a north to south bdbias. The
north-west pesk maxima quadrant with 387 of all the stones has a
slight majority over the opposite quadrant. (35%). (No. 9 Fig. 15).
The rock type content analysis reveals 94% Carboniferous, and 67 0ld
Red Sandstone pebbless The nearest 0ld Red Sandstone outcrops are to
the south and east but the nearest outerops of the tough white sandstone
and grey shales, which together supply the whole Carboniferous
contribution, are all to the north and west. Ilowever, as has already
been pointed out, no less than five glacial strise between Lenark and
Lesmshagow, (Fig. 23), contradict this conclusion by indicating an ice
movement from southe-east to north-wests Three further striae, also
recorded by the Geological Survey, within two miles to the north but
outside the thesis area indicate a similar orientation without
suggesting the ice sources. It has already been indicated that fabric
orientation may or may not give conclusive results dependent on factors
which are as yet unexplained. A similar difficulty arises from the
problem of ascertaining ice sources from glacial striae alone. For an
ordinary striation there are two possibilities, In view of the
uncertain nature of the evidence from this one site CGeikie's
deseription of a "debatable : ground" seems very apt.

The best exposures, however, are often found where the
larger rivers have incised themselves into their valley floors and by
their meanderings undercut their banks which, as a consequence, often -

reveal fresh sections. Such is the case at the River Nethen below

Kirkemirhill/
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Kirkmuirhill where a 125 foot face reveals an interesting
stratigraphical record.

TABLE IX
Two grey tills of

exactly similar 5' coarse gravels

appearance are 20" Unstratified sand with lenses of till
10' #i11

10' very coarse gravel

10' Stretified sand and gravel

sediments. The 10" Stratified fine and coarse sands

10'  till

30' obscured by slumped material

20' atratified sand and gravel possibly
slumped

separated by 30 feet
of fluvioglacial

upper till, ten feet
in depth, shows at its

upper end an intricate
125!

interdigitation with

the overlying sands.

Continuous fingers of till penetrate as much as five feet in to these
sands. Isolated lenses of till several feet long and up to one foot
thick are also found enclosed in the sands. Only ten feet of the lower
till is exposed but it may well be as much as 40 feet thick (see table
above), Both these tills were analysed for fabric orientation and rock
type content, The lower ome, (No. 11 Fig., 22) shows a strong preferred
orientation along the north-south axis., A slight dip maxima in the
northern (Peak) quadrant of 427 compared with 38% in the opposite
quadrant suggests a northern origin. Ilowever, the rock type content
with 927 Carboniferous, 4% 0ld Red Sandstone and 2/ Southern Upland rocks,
that is erratics from the south only, might favour a southern origin.

The upper till, (No. 12 Fig. 22), has a slightly stronger

peak/
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peck maxima quadrant (567 of pebbles) and again indicates a northern
origin, this time from the northenorth-west (No, 12 Fig. 15)¢ The
rock type analysis reveals a composition remarkably similar to its
underlying neighbour. (No. 12 Fig, 16). Again, however, the
erratic fragments are mainly of 0ld Red Sandstone and Southern Upland
derivation. (27 Highland, 887 Carboniferous, 8/% 0ld Red Sandstone
and 27 Southern Upland)., So although the till fabrics at this site
suggest a northern origin,the rock types present, with a larger
percentage of erratics from the south, indicate a Southern Upland ice
origin, Again Geikie's comments sbout the "debatable ground" of
Central Lanarkshire seem appropriate.

Another good river valley exposure was found in the floor
of the Clyde south of Rosebank, At this point the Clyde takes a wide
meander which is incised into the valley floor deposits to a depth
of 60 feet., The core of the meander thus preserves an exposure of
deposits which elsewhere have been removed by river erosion., At the
base of this meander core, a 20 feet section shows the following, five
feet of coarse sand and gravel, overlying five feet of till with a
brown clayey matrix, This in turn overlies six feet of gravel the
appearance of which is quite remarkable being composed almost entirely
of rounded coal cobbles. This gravel is very compact and similar in
appearance to the underlying layer of grey/black till which has an
exposed depth of six feet, ~ The difficulty of differentiating $ill

from gravel is complicated further by the interdigitation of the till
into the gravel,

The fabric of the upper till, (No.13 Fig. 15), is
rather/
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rather dispersed, with a weak dip maxima indicating a south-east
origin, (The orientation of the Clyde Valley at this locality
is also northewest to southeeast)s. The rock types present in the
%111 are 47 Highland, 82/° Carboniferous, 4/ 0Old Red Sandstone and
10% Southern Upland. This is, however, the only recorded site in
Area II at which a brown till is found in a position markedly north
of the line dividing the distribution of the two main $ill types.
(Fig. 24)e The weight of the evidence therefore infers that the
last ice in the ares was of southern derivation, especially since the
underlying $i11 is of the more normal grey/black colour.

The evidence of the origine of the glacial deposits of
Area II as presented so far, is complex and varied. Generalisations,
unlike those formulated for Area I, tend to be true only of localised,
rather then wider, regional areas, There is some evidence that the
area has been invaded by ice from both the north and the souths The
separation of two till horizons by considerable thickness of
fluvioglacial deposits, 6 feet =~ 40 feet at sites already described,
sugcests at least one intervening period during which the ice cover
melted and withdrew before a later ice readvance and a further period
of till deposition. In an attempt to clarify or at least separate the
glacial events in this area attention was paid to four separate
information sources (1) the so-called "Pre-Glacial Valleys" (2) Borehole

stratigraphy (3) Topographical bresks in the drift cover (4) Dateable

Deposits.
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well known in the literature (Ceikie 1873, Stark 1902, NacGregor K,
1940), and are a common occurrence in other glaciated countries
(Flint 1956 p. 112, Adems 1961 p. 406)s They are generally filled
with glacial detritus in the form of till, sand, gravel and mud,
(The latter term is one frequently found in borehole journals of
these buried valleys.) They are particularly well known because of
their occurrence in the coalfield districts where they present danger
hazards, to deep mining., (Under pressure they may break through and
flow into mine shafts)., To prevent such accidents their locations
have been charted by boring. The Geological Survey Drift Sheet No. 23
shows twomajor buried valleys in the thesis area, those of the Avon
and the Nethan,

In bothcases where the river has not "discovered" its
former course the old channel remains blocked by glacial and
fluvioglacial deposits whilst the present river has cut a new course.
This new channel is invariably gorge- or ravine-like in character
e.g. see the Nethan Crags, near Crossford (Fig. 30). Numerous examples
of these ravines are found throughout Central Scotland and elthough
often 200 feet or more in depth and eroded in solid rock they have all
been interpreted as being the effect of post glacial river erosion,

The gorge course of the Clyde from New Lanark to Bonnington (Fig. 21),
is the best known example. (Ph 16) Where, however, the river
"rediscovers" its former course it has cut very rapidly through the
unconsolidated valley fill deposits and eventually produces a more open,
although frequently steep-sided valley which always displays a greater
extent of flood plain than its gorge sections., (Ph 18) Geikie

(1894/
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(1894 p. 108 - 116) was one of the first authors tc realise the
full significance of these buried valleys, and he described numerous
examples in Central Scotland,several of which are in the theeis area.
Even where the rivers have rediscovered their "Pre-Glacial" courses
the work of reexcavation is not always complete e.g., the boreholes in
the Douglas Water Valley (Fig., 12) show a considerable depth of
glagial and fluvioglacial debris still remaining, Similarly,
at Crossford, in the floor of the Clyde Valley, boreholes show a
further 80 feet of untouched 'drift deposits'. Numerous examples of
ﬁhese buried "Pre-Glacial, re-occupied "Pre-Glacial" and gorge~-like
post=glacial §alleye, gcan be found at various localities along the
lengths of most major rivers in Central Scotland and their presence
is often easily recognisable even from the Ordnance Survey 1" sheets,
lany others, as yet unrecorded in the literature, can easily be
identified in the field.

The three major rivers of Central Lanarkshire, the Clyde,
Th§ Avon and the Nethan all exhibit an alternation of "Pre-Glacial" and
"Popt=-Clacial"” sections, The buried valley of the Nethan, being
entirely within the Productive Coal Measures, is well charted but
outside the Coalfields the absence of deep borehole investigation leads
to a lack of definiie information on the buried sections of the other
two rivers.

It ié perhaps not unexpected that this particularly
oomplioated area of Central Lanarkshire should provide at least one
exception to the generalisation that all the river course of Central
Scotland/ |
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Scotland are; (1) Buried "Pre-Glacial" Valleys, (2) Re-excavated
"Pre-Glacial®™ Valleys or (3) "Post-Glacial Valleys. The outstanding
exception is the Nemphlar Channel which is a large valley, one
mile broad = 300 feet deep but displaying a flat floor up to 300
yards across (Fig, 21). At its lower end, near Crossford, the
Hemphlar Channel takes a wide sweep to the east before continuing
southwards for two and a half miles to the point opposite Kirkfield
Bank where it rejoins the present Clyde Valley. (Figi 23). This
Nemphlar Channel has been identified both as the "Pre-~Clacial course
of the River Clyde (Ceol. Survey Drift Sheet No. 23) and as "an
ancient water course of the Mouse Water" (Hunter 1882 p. 94) but
despite its present streamless condition and its virtually unaltered
condition since the time of its abandonment, the Nemphlar Channel, is
not infilled by glacial or fluvioglacial detritus. The long and cross-
profiles, dimensions, position and orientation of this valley
indicate a former connection with the "gutter" course of the Clyde
below Crossford. In contrast to the neighbouring, gorge-like
present course of the Clyde the Nemphlar Channel has an apparently
unaltered flood plain floor much of which is still covered by alluvium.
(Expe 11, Figs 30)s Its floor is at an altitude of 325 feet in the
north and 400 feet in the south and is now 150 feet to 225 feet
sbove the valley floor of the present Clyde from Crossford to Kirkfield
Bank, There seems, therefore, little doubt that this valley was once
ocoupied by the Clyde, (carrying also the tributary waters of the Mouse)
but why should it, unlike other "Pre-Clacial" river courses to the
north and to the south, have escaped infilling by glacial and

fluvioglacial/
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fluvioglacial deposition? The most simple explenation is that
it was never occupied by ice and there is considerasble evidence to
support this statement.

At both its southern and northemends the Nemphlar
Channel conteins glacial end fluvioglacial features. (Figs. 29 and 30).
At the south end, (Fig. 29), several esker-like ridges andmounds
of sand and gravel are found in association with several small
meltwater channels. (Ph, 22). These features, however, teminate
abruptly and do not penetrate northwards into the interior of this
valley. At the north end the Channel is completely blocked by a
barrier composed of several elongated drift mounds. (Figs 30).
The view of these mounds from the north (Phs. 23,24 end 25) gives
no indication of the large conceeled va.ne} beyond (Ph. 26). This
drift barrier is penetrated at one point only where it is cut through
by the sinuous,incised, gorge course of the Fiddlers Bumn which
enters the Nemphlar Channel near its northern end. (Fige 30)s The
inset in Figure 30, shows a cross-profile of the relief features
through the drift barrier blocking the north end of the Nemphlar
Chennel (Heights from 24" 0.8, Sheet). The prominent elongated mounds
appeer to be largely composed of sand and gravel. The surface
material, perhaps as & consequence of the steep slopes and the
unconsolidated nature of the drift, is prone to slumping, (See Phs.23,
24,25 and close up Phe 27), ond no exposures of fresh material are
available, Solid rock is only exposed on the north bank of the
Fiddlers Burn where it is incised into the side of the Nemphlar
Channel”s One exposure, (Exp.9 Fige 30), at the base of a drift
nound/



101~
mound reveals numerous rounded cobbles ond a sandy silt matrix but
the texture sud appearance of this materisl has probably been
affected by .auri'ace Cre8p.

To the wst and east the drift mounde terminate
abruptly. (Ph.26). One good exposure, (Exp.10 Fige. 30)y in material
which appesrs to run back under the mounds showe seven feet of tille
like drift. This deposit contains numerous rounded pebbles of
diiferent rock types @& few of which show striations, The matrix secmed
rather silty and the deposit appeared less compact than is normal for
tille but a particle size anelysis, (No.14 Appendix 1-i), indicates a
typicsl till composition. The till overlies at least two feet of
graded gravels, At first it was thought thet the till may have
slumped from the vaelley sides but this is not borne out by a fabric
analysis, A preferred orientation from the west, (i.e. from the
direction of the mounds snd not fvom the valley sides), is found,
This preferred orientation has distinet twin peaks, albeit a rather
dispersed orientation, (only 387 of the stones were in the peak maxima
ilﬁadrant) indicating ice movement from the west (Ho. 14 Fig. 15)«

The rock type content of 587 Cerboniferous, 247 014 Red Sandstone
snd 187 Southern Upland rocks certainly indicates the presence
of aouthern rather than northern ice, Within 200 yards to the
enst, into the Nemphlar Chennel proper, another section, (Exp.l1l
Fige30), shows several feet of stratified gravel overlain by
three to four feet of silty olay (alluvium) but no sign of till.

The dieposition of the drift mounds to the west (transverse

o/
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to the valley orientation), their apparent composition of fluvioglacial
rather than glacial deposits, their localised distribution end lack
of penetration into the Nemphlar Channel proper, certainly indicate
that, as to the south, ice did not occupy Vhe interior of this valley.
From the evidence presented it is suggested that these drifts mounds
are, in fact, icg marginal accumulations which according to Flint's
definitions, (1956 Pel3l,2 and 3) would fit the description of an
end moraines The reasons for its limited penetration were probably
due to the local thinness of ice and the steep reverse gradient of
the northern entrance to the Nemphlar Channel the floor of which,
consequent to the continued downcutting in the "new" Clyde Valley,
wag now left at a higher levels As yet there is no satisfactory
explenation why, as in this case, marginal deposits, with the
topographical expression of moraines, should form in a marginal ice
pogition at one locality and not in anothers Perhaps in this case
the combination of reversed gradient and thinness of ice promoted
the accumulation of deposits at a position where ice remained
virtually stationary for some time.

At the Stonebyres Falls Hydro Vlectric Power Scheme, in
the course of the Clyde which now bypasses the Older Nemphlar Channel,
a tunnel section reported by Ross, (1925 Dell5=6), revealed 20 feet of
coarse gravels and fine sands overlying 23 feet of laminated clays.
Ross concluded that the clays were laid down in a "temporary ice=-
blocked lake" and that the sands and gravels were typical of those
"deposited by meltwaters from the Southern Upland. ice". These

sbatements/
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statements completely accord with the coneclusion that during the
last ice cover of Central Lanarkshire marginal ice tongues blocked
both the north and south ends of the Nemphlar Channel but didnot
penetrate the area in between., The extent of fluvioglacial
deposition at Stonebyres, (till is noticeably absent), indicates
that this section of the Clyde Valley was already a major river
valley before this late stage of glaciation in Central Lanarkshire.
Thus it is certain that the Nemphlar Chennel had been abandoned in
favour of a newer Clyde course to the west before this last local ice
advance.

Both the rock type contents and the febrics of the tills
at the north end of the Nemphlar Channel and in the floor of the Clyde at
Milton Lockhart, (No.l3 Fig, 22), indicate that the last ice to
occupy the area originated in the Southern Uplands. The absence
of till and the presence of lake deposits in the present Clyde Valley
between Crossford and Lanark and the evidence of the Nemphlar Channel,
certainly confirm the presence of en ice free area in Central Lanarkshire
during the last glacial phase, (It may be recalled that the till
on the Cartland Muir area above and to the east of the Nemphlar Channel
has a distinctive weathered appearance, perhaps again an indication
of an ice freé condition during this colder period)., This ice=free
condition must have been caused by the splitiing of the advancing
Southern Upland ice into two lobes by the barrier of the extensive
Black Dillar and Dernfillan Hill mas:if which stood as a nunatak
area immediately to the south-west of the ice free Zone. (The

deflection of the ice stream on the south snd west of this hill

mass/
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mass has already been suggested by the presence of over steepened
slopes developed equally on different rock types on ite west facing
slopes. (Section 4).

The implicotions of the preceding discussion is that,
as has been suggested by the majority of workers, (Geikie 1873,

Gregory 1915 a, Ross 1925, MacGregor 1940, Sissons 1961 snd 1963 and
Goodlet 1964), Charlesworth's (1926) suggestion of a late glacial
readvance with Highland Ice esdvancing up the Clyde Valley to Carstairs
is misleading, If there was a late glacial ice readvance in Area II
then the bulk of the evidence indicates that the ice emanated from
the Southern Uplands,

The significance of the Nemphler Channel, has however,
been almost totally disregarded in the literature, This probably arises
from the difficulty of explaiming a "Pre-Glacial” valley which was not
subsequently drift filled. However, with Charlesworth's, (1926) widely
_macepted congept of readvance stages during the recession of the last
ice cover it has been shown sbove that the Nemphler Channel holds the
key to some of the problems of glaciation in Central Lanarkshires One
problem yet remains unanswered. Why wes the Nemphlar Channel abandoned
in favour of a more western course? An answer can now be suggested.

If Linton's statement, (1963 p.13), that the "gutter"
course of the Clyde from Hamilton to Lanark, (Fig. 23), is an "ice=-cut

trough" is accepted, (Although the "steep rectilinesr slopes" which
Linton implies were "ice-cut" are in fact composed of thick marginal

accumulations of sand and gravel (Ph 28) the precipitous slopes of which

are the result of ice contact and subsequent river erosion , deep

boreholes/
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boreholes at Crossford, (Hunter 1882), show that the rock floor of
the Clyde at this point is fully 80 feet lower than the present
flood plain and only 80 feet above present sea~level., Such
overdeepening certainly suggests glacial erosion of the secale found
in other Central Scotland valleys (e.g. The Kelvin and the Blane
Valleys)), then this glacially bresched valley would form the obvious
route for advancing ice from the South VWestern Highlands whiech, in
view of the distribution of Highland erratics as far south as Carstairs,
must have occurred at some stage. This ice stream, being less able |
to mould itself to geological and relief conditions than water may have |
bypassed the sharp east-ward loop of the old Clyde course, (at this |

point following an eastwardly outcropping series of the less resistant

Limestone Cosl Group), and maintained a more direct southern course,
Thus glacial breaching as suggested by Linton could well account for the
fact that the Clyde immediately to the south of Crossford cuts through
a resigtant felsite intrusion, (an unlikely occurrence under normal
circumstances of river development) and could explain the abandonment
of the more devious Nemphlar Channel for the present more direct

Clyde course,

The east bank tributary of the River Clyde, the Mouse
later, displays features similar and perhaps even more complicated than
those of its trunk stream. Figure 29 shows what appear to be no less
then three earlier coursesof the Nouse Water., (A.B. and C.)s The fivst
two, (A and B), are broader, have more rounded profiles and are till
flooreds Channel A is almost completely infilled by drift and is only

revesled at its esstern and western margine where present stream

excavation/
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excavation is rapidly removing the unconsolidated drift (Dougell 1871
ped9)s A borehole at Jerviswood Mains, (Fig. 32), & mile to the east
proves its continuation as & completely buried valley in thie direction.
(Borehole Journal, (Geol,Survey), shows one foot soil, five feet brown
clay with stones {ti117), 31 fest dark muddy clay, 9 feet silt and
stones, 39 feet dark clay and stones, (£i117) and bedrock in descending |
order). The possibility of two distinet till horizons might suggest
a very early infilling of this chamnel before a second ice meadvance, )
Channel B has only & thin mantle of till and has a much sharper crosse L
profile than channel A, Its steep sides imply only limited deposition. \
Chennel C has the steepest sides and sherpest crosse-profile of all (
three (Ph 17). It contains no till and the only sign of cccupation "
by ice is a smell esker-like ridge on its floor, At its eastern end
the subsequent incision of the House has left this channel 60 fect
gbove the present river level. At the western end an even greater
drop of about 100 feet connects tho channel with the present Mouse Water/

River Clyde flood plain, The present ravine of the Mouse Vater at
Cartlend Crags, (De Fige 29), has & 200 feet vertical face on its
north side which is incised in solid rock. Above this a very steep
slope continues for a further 200 feet giving a total incision of |
450 feet, A, Geikis, (1866 p.51), noted the "exceedingly pussling”

features of the Mouse and ite neighbourhood but did not mention the

two almost completely buried channels A and B, The progressive

sharpening of the cross-profiles and the associated leesening of the

effect of glacisl and fluvioglacial deposition from Channel A to

Channel D suggests a rather unique sequence of events the causes of

which/ i
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which will be more properly treated in Section 6.

Even this short section has shown some of the
complexities of landscape evolution in Central Lanarkshire. The
buried valleys 1nd1cat§ some of the disruptions due to glacial
interference. On the disappearsnce of the ice most of the major
streams resumed courses similar to those of the "pre-glacial” period,
Some, however, have not rediscovered their former courses and have
gince cut the familiar ravines or gorges. The Nemphlar Channel
appears to be an exception in that this “pre~glacial" river course
has neither been rediscovered nor infilled by glacial amnd fluvioglacial
deposite and is taken to indicate a limit of ice penetration in the
late-glacial period. The significance of this conclusion is vital
to the explanation and chronology of events during the last ice

cover of Central Lanarkshire.

DEEP BOREHOLES

In Central Lanarkshire the drift cover is generally less

than 20 feet in depth. Normally there is evidence of only one

glaciation in the form of one till stratum, with or without a covering of

fluvioglacial sediments. It is fortunate therefore that buried valleys
exist, for where these are cut through by stfeana, cross-sections in

a greater depth of drift reveal a fuller and more detailed
stratigraphical reobrd. Exposures such as that already described

at Kirkmuirhill (Table IX), are unfortunately rare. Boreholes,
however, help to increase the stratigraphical information from these

valleys. It should be pointed out that many of the bores were not

put/
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put down to establish the drift stratigraphy and in all of them the
nomenclature of the material brought up tends to vary according to
the operator. This is especially true of the many early bores put
down by the private coal mining companies, The sentiments of the
recording officers, sometimes recorded in verbal form on the borehole
logs, leave considerable doubt as to the accuracy of some of the
results. (One journal found during the investigation of borehole
records in the Geological Survey Offices in HEdinburgh and filed prior
to 1865 had the following inspiring appendage "This borehole was by
Claud Anderson, & rotten borer and a liar“).‘ However, even with these
deficiencies, boreholes can provide valuable information otherwise

unobtainable.

Many of the features of Figure 32 are only known because of

deep-borehole investigations. Some of the best known boreholes in
Lanarkshire are those drilled during the construction of the Bonnington
aqueduct tunnel. These and associated excavations were checked by
Geological Survey Officers end reported by G. Ross in the Summary of
Irogress for 1926, They revealed a general drift depth of about 60
feet and an even greater depth, 98 feet, where this overlies a buried
valley (e.g. Bore No.9 Fig., 31). This 98 foot borehole showed 14

feet of sand, clay snd mud overlying in turn a foot clay bed, 9 feet of
gravel, 3 feet of sandy clay and boulders and 25 feet 6 inches of muddy
sand and clay, before striking sandstone bedrock. The floor of this
buried valley is at 497 feet O.,D. and the present surface expression
is also in the form of an elongated hollow (No.l5 Fig. 26), It may

therefore/
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therefore be probable that the other peculiar elongated hollows,
(7,849,412 and 13, Fig. 26), in these Bonnington/Lanark drift.
deposits also denote the presence of buried channels. (sterk 1902).
The features already described for the Mouse Water chanmnels, (1,2 snd 3
Fig. 26), also supported by borehole information, confirm this
coneclusione.

Stark (1902) attempted a reconstruction of the former
course of the Clyde in the Lanark area using the information and
alignments of theclarge elongated depressions., '~ . = - L 20
With the present increassed information of boreholes and knowledge of
events during glaciation, a fuller description of earlier drainage
patterns in this complicated Crolsfbrd/Bonnington ares can be
reconstructed. As has already been suggested, however, the o0ld idea
of there being one "Pre-Glacial" and gne "Post-Glacial" course of any
river in this complex area is misleading and should be discarded., As
a consequence it is difficult to prove the contemporaneity of two
non-continuous buried valley sections. The resulting reconstructed
drainage pattern is open to eriticisms It does, however, closely
agree with Stark's conclusions (1902) and is shown in Figure 32. One
major difference emerges. The present writer and Gregory, (1926),
consider that the alignment followed by Lanark Loch and the Sandy Burn
is the more likely course of the buried Clyde Valley, for surface rock
outorops immediately to the east of Hyndford Bridge indicate the
absence of an entrenched valley in this locality. The floor of the

depreasion to the south of Lanark is at 400 feet O.B. & similar height

ﬁgwgbgg'yf the Nemphlar Channel immediately to the nmorth. It is not,
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however, possible, without further information to suggest the
relative ages of these two abeandoned valleys. A tributary depression
joining the depression south of Lanark from the north is taken to
indicate a former course of the liouse Water, the confluence of which
with the River Clyde must have therefore been some distance south of
that found at present. A more extensive borehole or seismic
resistivity survey at specially selected sites would quickly confirm
or disprove this complex history of river dévelopment - certainly
one of the most intriguing in Britain,

The Hethan buried valley deposits, while less
complicated are no less spectacular than those already described. One
borehole at Tillietudlem Station (Exp.2 Fig. 28), at an altitude of
400 feet is more than 150 feet deep. It reveals 29 feet 6 inches of
muddy clay and sand overlying in turn 14 feet 6 inches of sand snd
gravel, 35 feet 6 inches of sandy, muddy,clay, 7 feet 6 inches of sand
and gravel, 14 feet 3 inches of sandy clay and stones, 4 feet 3} inches
of hard bound gravel and 47 fect PABLE X

of mud and sandy clay. The "
29 ft. 6 ins., muddy clay and sand
surface material in the 14 ft. 6 ins. sand and gravel

35 ft. 6 ins. sandy,muddy clay
locality of this borehole is till 7 ft. 6 ins. sand and gravel

14 ft. 3 ins. sand, clay and stones

and yet the borehole log 4 ft. 3 ins., hard bound gravel
47 1'% mud and sandy clay

description is muddy clay. The .
152 s, 6 ins. bedrock

rather unhelpful borehole

descriptions at this site could obviously be concealing a very

interesting stratigpaphical record. The Kirkmuirhill section (Table IX)

alrendy referred $o, is in the some buried valley of the Nethen and

clearly/
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clearly shows two separate till layers (Expe.ll and 12 Fig. 22). A
second borehole again in the buried valley at Southfield (Fig. 28),
north of the Kirkmuirhill section and between it and the Tillietudlem
bore (Fxp.2 Fig. 28) is 140 feet deep and again appears to have two
geparate till strata. It is interesting to note that the depth of
drift shown by these boreholes suggest that the buried Nethan Valley is
at least as deep as its present valley.

In a deep borehole in the Clyde Valley floor at Crossford
"a peat bed four feet thick and containing nut-shells". (Hunter 1882
pe94), was discovered below 40 feet of surface clay. This important f
discovery is the only indication in Area II that the last period of
glacial activity was preceded by a phase of milder climatic conditions
during which the area was ice-free., Elsewhere the borehole logs, even
with their more complete stratigraphical record, reveal only two
periods of glacial deposition separated by a period of meltwater

deposition.

Topographical Breaks in the Drift Cover

Often in glaciated areas there are distinct localities at
which numerous mounds or hillocks are concentrated. In Highland
districts these mounds are often of composed of angular stones
and are normally designated moraines. In Central Scotland similar
topographical breaks in the drift cover are found but their origin is
not always so easily explained. Charlesworth, (1926), however, used
these areas to determine his ice recessional stages in Central

Scotland. Thus he joined up the numerous, but frequently isolated

areas,/
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areas, containing conspicuous hillocks and drift mounds which glve
a rolling appearance to the land surface. He noted that their
composition was very variable. "Boulder clay, sand and gravel are
found frequently in intimate sssociation". (Charlesworth 1926 Pe26).

The accurate identification of such moraine stages, or ice
limits, would obviously do much to help disentangle the glacial
history of Central Lanarkshire, However, with their variable
composition and uncertainty as to their origins it is not surprising
that the features mapped by Charlesworth as moraines have frequently
been the subject oi considerable dispute. Thus the Lanarkshire
constituent of his major readvance stage in the South of Scotland, the
"Carstairs Kame-Moraine" has been otherwise interpreted by every other
worker in this area. (Chapter I Section 3). The present work has
shown that the Carstairs deposits are completely composed of fluvioglacial
sands and gravels and show numerous features which indicate that
Sissons' (1961) conclusions are correct. "The kettle-moraine” which
Charlesworth, (1926 p.32), describes in the Douglas Valley has been
shown in Chapter II, (Fig 17), to be an ares of stagnant ice topography.

Other "morsine stages" which he noted, although certainly not
28 continuous as his map suggests, (Fig. 5), are more difficult to dispute
and reinterpret. Two such loc:tions are found in Area II at Blackwood
and Lesmahagow)/Brocketsbrae respectively (Fig 23). At both sites the
landforms are composed of numerous drift mounds dispersed without any
particular orientation., At both localities the more numerous

occurrence of meltwater channels indicates a localised concentration

o:/
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of meltwaters, The composition of the mounds is, as Charlesworth
suggested, variable. Near Brocketshrae a recent aqueduct excavation
through one elongated mound showed three fect of send overlying eix
feet of material which was largely composed of sand but also contained
wf}s and lenses of till. This in turn overlay a further three feet
of sand. A rock type analysis of stones in the till lenses (No.l5
Figs 22) showed 2 Highland, 12% Carboniferous, 36/ 0l1d Red Sandstone
and 50% Southern Uplands rocks = very strong evidence for deposition
by ice derived from the Silurian hills to the southewest. Another
exposure in a flat area among the mounds immediately to the south of
the previous exposure showed 5 feet of sand and stratified fine gravel
over 4 feet of varved clays overlying a further sand and gravel series
of unknown depth.

The form and composition of the mounds at the second
concentration to the north at Blackwood, (Fig. 28), appear identicel
to those at Broeketsbrae; At both localities eskers snd kettlehole
depressions, two certain indicators of stagnant ice, are notably
absents  The Blackwood mounds sgain show the same variety of composition
a8 those at Brocketsbrae. Borehole No.l3 at the junction of the
Strathaven and AT4 roads, Kirkmuirhill, showed 2 feet of top soil
overlying 3 feet 6 inches of brown sand and gravel with some clay, which
in turn overlies 3 feet 6 inches of brown clayey sand, 2 feet 6 inches
of brown aand/gr#val with some clay end sandstone and 5 feet 6 inches
brown boulder clay overlying bedrock. Both the Blackwood and the

Brocketsbrae sites straddle two recent developments, the AT4 dual

carriageway/
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carriageway construction and the Daer Valley Aqueduct, the boreholes
of which were made available by the construction company and planning
asuthorities involved. A close inspection of these recent and
apparently very accurate boreholes indicates that in the areas
to the north of Blackwood, to the south of Brocketsbrae and between
both Blackwood and Brocketsbrae till overlying bedrock is the rule
and yet at these two localities, as was demonstrated above, the
stratigrephy and topography become much more complicated.

To summarise, these two localities are characterised by
the following features; (1) A localised concentration of drift mounds
(2) A concentration of meltwater channels in the seme area (3) A
variety of drift composition which easily separates the two localities
from the surrounding areas. With these characteristics in mind and
in particular the close association of till, a true glacial deposit and
sand and gravel, fluvioglacial deposits, it is suggested that an ice
marginal position would provide an environment capable of explaining
all the features. One is forced to return to Charlesworth's
conclusion that these landforms,whilst not having the ideal end moraine
topographic expression,are certainly end morainic in origin. The
other major landform of Area II which has in the present work been
designated an end moraine at the north end of the Nemphlar Channel,
appears to have escaped Charlesworth's attention and is not mentioned
in his 1926 paper. It should be again emphasised that the rock type
contents of the Brocketsbrae and Crossford, (North end of Nemphlar

Channel) morainie accumulations indicate a Southern Upland ice eource.

The/
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The derivation of the Blackwood deposits is more doubtful and will be

discussed later.

Dateble Deposits
When a particular topographical relationship or

stratigraphic correlation permits the determination of the relative age
of eny isolated strata, an absolute date determination would further
advance the chronological information. Radio-Carbon dating and
Pollen Analysis are the two main methods whereby such precise dating
cun be achieved., With these thoughts in mind a comstant watch was
kept during field work for drift deposits contdning suitable animal or
vegetable materiale In general, however, as with most areas of
Scotlend such inter-stratified remains are absent, (At the beginning
of 1967 very few late-glacial Scottish Radio-Carbon dates had been
published and not one was available in Central Lanarkshire).

As already mentioned lake clays are frequently found
in association with the morainic, or ice marginal areas described
in the previocus section. (Both Brocketebrae and Blackwood have
ceversl associated verved clay deposits). In general the clays
occupy depressions in the land surface and may be from 10 feet to
25 feet thick. Their occurrence therefore is as pockets rather than
widespread sheets (Fig. 28)., Most of the clays a pear to be varved
and typical of proglacial areas. (Ph 29,30,31)., The varves may not
be readily apparent, especially in freshly cut sections, (Ph 29
and top of Phs. 30 and 31), but usually become visible if the face
is allowed to dry out, partieularly under cold conditions. At many

of the sites stones, from small pebbles up to boulders more than
one/

!



«116-
one foot in dismeter, can be found in the clays. (Ph 32 shows
a dried out elay section at Carluke, Near the bottom left
several pebbles can be seen)., lMany of these are striated
and wefle presumably dropped into the clays from ice rafts floating
on the lake surface. (Flint 1957 p.144).

At two localities, near Auchenheath and Carluke, the
clays are being actively worked and fresh sections are constantly
becoming asvailable. (Ph 33 and 34). At both sites peculiar discoid
and globular nodules are found lying parallel to the varves.

(Phe 35 and 36) These objects are very hard and stone-like but are
apparently composed entirely of material derived from the clay.

They are variously described in the literature au_"Faixy Stones",
"Grearers" and "Hudson's Playthings"., (Froceedings of the Geological
Socity of Glasgow 1879 p. 298). Mr. J. Young commenting on the
exhibition of one of the nodules at this meeting, stated that they
are "formed by a sort of chemical segregation of lime and clay in
the deposit, while its components, were in 8 soft unconsolidated
condition", He compared them with chalk flints and Carboniferous
clay/ironatone nodules. The nodules he said were "Characteristic of
brick (lake) clays". The growth by segregation theory is suggested
by two charaeteristics (1) The discoid nodules show a marked laminar
composition su;gesting growth within the clays (Phs 37 and 38).

(2) When tested with dilute hydrochloric acid the nodules all give

a very vigorous chemical reaction whereas the clay itself gives

little or no' reaction. This indicatee a segregation and concentration

of /
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of calcium particles.

In the clay pit to the south of Carluke, (Crid
Reference 838/497 0.S. 1" sheet No.6l), plant remains are found.
These are concentrated in the elay in an area 12 - 15 feet below
the surface of the pit. EHand augéring at the base of this pit
showed a further 3 feet of clay overlying 1 foot of coarse sand with
pebbles which in turn rested on bedrock. The plant remains appear
to have floated in this lake until they became waterlogged whereupon
they sank to become deposited in the clay. The remains consist of
branch and root segments up to six inchee in length. The diameter of
the segments found never exceeded half an inch. The plant remains
were examined by Dr. K. Thomson, Department of Botany, University of
Glasgow, who recognised both branches and roots of Birch and less
frequently - Alder, All of the Birch remains showed rhyzomorphs of
Armillarie Meleca which indicated an unhealthy condition of the trees,
His conclusion was that the material was probably derived from dead
trees which had bee<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>