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SUMMARY

Till deposits of the NW Glasgow area and Northern Ayrshire were
studied. In Part I, previous research into Quaternary problems in
these areas and the nature, origin and classification of till deposits
are outlined, followed by a statement of the aims of the project and

the techniques used.

Part II contains detailed data obtained from grain-size, clay
mineralogical and major and trace element analyses of the matrices of
three categories of NW Glasgow tills — Red, Weathered Grey and Grey.
The Red and Weathered Grey 'tills have coarser—grained compositioné
than the Grey till. Mean size and skewness are the most diagnostic
grain-size parameters for distinguishing between Red and Weathered
. Grey till on the one hand and Grey till on the other. All three
categories contain kaolinite, illite and vermiculite. Chlorite is
present only in the Grey tiil. The percentage of kaolinite is much
lower and the percentage of vermiculite is higher in the Red till than
in the Weathered Grey till. Three probable modes of origin of the
clay minerals in the tills are proposed: direct inheritance,
pre—glacial weathering and pedogenesis since till deposition.

All three categories of till have a high Si0y content, which is
consistent with the tills having sources in the local sandstone
bedrocks. With the exception of Zr, all the trace elements are
preferentially concentrated in the silt and clay fractions. Zr
appeérs to occur both in clay minerals and in the sand fraction as
detrital zircon. Sr is goncentrated in the calcium minerals and Ba

in the K-feldspars.
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Study of vertical profiles shows that leaching of fine-grained

material and weathering of clay minerals are common. Weathering in
the Red till is difficult to detect. However, the amount of
vermiculite increases upwards in the profile at the expense of

illite. In the case of profiles through both Grew and Weathered Grey
till, chlorite disappears, and the amount of vermiculite increases up
the profile at the expense of both illite and chlorite. The ratios
Ga:Al1903, MgO:Ni, FeO:Co and Ni:Co can be used to detect weathering
trends in both Grey and Red till profiles.

Mineralogical and geochemical studies of bedrock in the NW Glasgow
area, showing the presence of chlorite in Carboniferous shales and
sandstones and its absence in Devonian (0.R.S.) sandstones, indicate
that the Grey till was derived largely from Carboniferous shales and
sandstones, and the Red till largely from Devonian sandstones.

Part IIT contains detailed data obtained by similar methods
applied to the matrices of tills and associated Quatermary deposits in
Northern Ayrshire. Marked similarities in the properties of samples
of shelly till from five locations suggest similar sources for the
shelly till at these locatioms. The shelly till has a high SiOy and
a low clay content, suggesting that the proportion of shell-bearing
marine clay in the shelly till is not nearly as great as previously
thought. The high Si0 content in both the shelly and non-shelly
tills of Northern Ayrshire reflects quartz-rich source rocks for these
tills. The matrices of the non-shelly tills have higher Ca0 and COj
contents than the matrix of the shelly till. This may be due to the
presence of finely ground limestone in the non-shelly till matrices.

CompariSon of the properties of shell-bearing marine clays at

Afton Lodge with those of the shelly till of N Ayrshire as a whole and
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with a shell-bearing deposit at Greenock Mains shows clearly that the
last—mentioned is not a shelly till as formerly thought but is a
marine sediment similar in composition to the deposit at Afton Lodge.

The matrices of Upper and Lower grey tills at Sourlie are similar
in composition, indicating similar sources, probably mainly local
Carboniferous shales and sandstones.

Finally, the thesis applies the results obtained to Quaternary
stratigraphy. The properties of the matrices of red and grey facies
of the proposed 'Wilderness Till' Formation of the Glasgow area can
now be defined. The presence of Weathered Grey till overlain by Red
till in the NW Glasgow area suggesté at least a short period of
exposure of Grey till before deposition of Red till on top of it. In
Ayrshire, the discovery of shell-bearing marine deposits (at Greenock
Mains) at c. 180m above present sea level and c. 30km inland from the
present coast means that recent views regarding the maximum elevation
and extent of Quaternary marine incursion in Ayrshire may have to be
modified. The presence of these sediments also implies that the
shelly till may have been derived from pockets of shell-bearing
deposits picked up locally within inland Ayrshire rather than from the
Firth of Clyde. The presence of shelly till at any given location,
therefore, may not be indicative of any particular direction of ice

movement, as formerly thought.
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CHAPTER 1

INTRODUCTION

1.1 General background to the research project

Mineralogical and geochemical studies of sedimentary rocks,
although not so extensive as such studies of igneous and metamorphic
rocks, have been made in many parts of the world in the course of the
last twenty to thirty years. Despite this, the detailed mineralogy
and, especially, the detailed geochemistry of tills, a group of
sedimentary rocks of glacial origin, are not well known.

In view of the scarcity of mineralogical and geochemical infor-
mation available on tills, and in view of the occurrence of large
quantities of several varieties of till in the Glasgow area and
ad jacent parts of western Scotland, the detailed mineralogical and
geochemical analysis of tills from selected parts of the Glasgow area
and Ayrshire was considered to be an innoyative and useful con-
tribution to Quaternary research. Also, since these areas in the
past have provided interesting and controversial problems in
Quaternary stratigraphy, it was decided to examine at least briefly
the potential of the application of the mineralogical and geochemical
properties of the tills of these areas to the interpretation of the
Quaternary history of these parts of south-western Scotland.

At the time that the research project was begun, early in 1985,
about fifty samples of till from the NW Glasgow area were available in
the Department of Geology at the University of Glasgow. These
samples had been collected by Dr W.G. Jardine in the mid-1960s as

opportunities arose, in shallow trenches dug in the provision of water
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and power services and in large-scale excavations opened in the course
of building construction. Each sample collected had been assigned to
one of three categories — Red till, Grey till, Weathered Grey till -
on the basis of its colour and its field characteristics, but no
laboratory analyses of the samples had been undertaken. No samples
of till from Northern Ayrshire were to hand in 1985.

The preliminary results obtained from analysis of the fifty
previously-collected samples suggested that it would be useful to
extend the examination of tills of the NW Glasgow area to analysis of
series of samples obtained from a number of vertical profiles in that
area. The preliminary results also suggested that a useful
cqntribution fo the very limited information available on the tills of
Northern Ayrshire would be made by analysing series of samples from
carefully-selected sites in that part of western Scotland. The sites
chosen for this part of the study in the NW Glasgow area were deter-
mined by the availability in 1986 of two suitable natural exposures in
the Red till and by the chance excavation at that time of two building
sites located in both Weathered Grey till and Grey till.

In Ayrshire the selection of sites for sampling was determined
partly by the availability of suitable exposures, but a more important
consideration was the presence, at each of the selected sites, either
of a sequence of two or more superimposed tills or of till that had
been described in the literature as a "shelly till". By chance, one
of the selected Ayrshire sites, at Sourlie near Irvine, yielded
organic-rich sediments both underlain and overlain by substantial
thicknesses of till. Sourlie has proved to be an important
interstadial site of Middle Devensian age. The biological data,
sedimentology and certain aspects of the characteristics of the tills
at that site will be recorded by other writers elsewhere. The

mineralogical and geochemical data included in this thesis, however,



are important contributions to the record of that site.

1.2 Geological setting of the field areas

The limits of the field areas, NW Glasgow and Northern Ayrshire,
are defined in Chapter 1.4, below. The solid rocks underlying these
areas, and therefore thought to be the main sources of the tills of NW
Glasgow and Northern Ayrshire, are sedimentary and igneous rocks
mainly of the Devonian (0ld Red Sandstone) and Carboniferous
Systems. Their areal distributions are shown in Figure 1.1, together
with that of the Dalradian metamorphic rocks, which occur to the
north-west of the zone of the Highland Boundary Fault. Dalradian
rocks form a very minor component of the clast fraction of the tills
of both the NW Glasgow area and Northern Ayrshire, but their
occurrence in these tills is indicative of a general north-to-south or
north-west to south—east movement of Highland ice over the Glasgow
area and northern parts of Ayrshire in Late Quaternary times (see
Chapters 3.2 and 3.3).

In broad terms, the 0ld Red Sandstone (Devonian) rocks outcrop to
the nbrth—west of Glasgow and in the western part of Northern
Ayrshire. The rocks were laid down in semi-arid conditions on a
continental land mass. They are mainly conglomerates and sandstones
whose major components, respectively, are quartzite cobbles and quartz
grains. Their colour usually is dull red, due to the oxidising
conditions in which the rocks were formed.

The Carboniferous rocks of western Central Scotland consist of
four major sedimentary units, the Calciferous Sandstone Series, the
Carboniferous Limestone Series, the Millstone Grit and the Coal
Measpres, and a major igneous unit of lavas that are interstratified
as a thick sequence within the Calciferous Sandstone Series (see note

on Names of Devonian and Carboniferous rock units in section 1.4 of




the text below).

In the Glasgow area, the Carboniferous rocks broadly form a large
eastwards—plunging syncline, so that basaltic lavas outcrop as high
ground to the north, west and south of the city, whilst the central
area is underlain by limestones, shales and sandstones of the
Carboniferous Limestone Series. The rocks of the Millstone Grit and
Coal Measures occur mainly to the east and to the south of central
Glasgow. As a result, rocks of these units are not found within the
tills of the NW Glasgow area.

The sequence of major rock units in the Calciferous Sandstone
Series and Carboniferous Limestone Series of the Glasgow District is
shown in Table 1.1. In terms of lithology, the Lower Sedimentary
Group and Upper Sedimentary Group of the Calciferous Sandstone Series
consist, respectively, of thin argillaceous dolomitic limestones
together with mudstones or shales and occasional sandstones, and of
quartzitic conglomerates and quartz arenites. All of these rocks
were deposited in terrestrial (lacustrine or fluvial) environments.

In contrast, the rocks of the Lower and Upper Limestone Groups and the
intervening Limestone Coal Group of the Carboniferous Limestone Series
were deposited in environments that alternated between terrestrial and
shallow marine conditioms. Sandstones, shales, limestones and thin
coal seams are present in all three Groups. The major difference
between the Limestone Coal Group and the Groups immediately below and
above it is the greater proportion of coal in the middle Group. In
summary, the major bedrock types of the NW Glasgow area that were

available for transport by the Quaternary ice masses and for

subsequent deposition as the Grey till and Red till of that area
were: Devonian red sandstones and conglomerates; basalts of the Clyde
Plateau Lavas; quartz conglomerate and quartz-rich sandstones of the

upper part of the Calciferous Sandstone Series; shales, limestones and



sandstones (and, to a lesser extent, coals) of the Carboniferous
Limestone Series (see Chapter 9).

As explained in Chapter 1.4, below, the extent of the area known
as 'Northern Ayrshire' for the purposes of this research project is
more difficult to define than the extent of the 'NW Glasgow area'.

For the same reason, it is more difficult to give the geological
setting of Northern Ayrshire than the geological setting of the
Glasgow district. In broad terms, however, the north-western part of
'Northern Ayrshire' is underlain by Devonian sandstones, the
north—eastern part by Carboniferous basaltic lavas, the south-eastern
part by Silurian greywackes, and the central part of the area north of
the Inchgotrick Fault (Kilmarnock to Strathavem, Fig. 1.1) by
Carboniferous sedimentary rocks — mainly sandstones, shales and
limestones. South of the Inchgotrick Fault, a mixture of Devonian
sandstones and conglomerates and Carboniferous sandstones, shales and
limestones are the main bedrocks except on the northern side of the
town of Mauchline, where a small area of Carboniferous - New Red
Sandstone lavas and bright orange-red aeolian sandstones underlies the
southern margin of 'Northern Ayrshire'. Clearly, a great variety of
source rocks for the tills of Northern Ayrshire was available during
the various phases of Quaternary glaciation. The composition of the
till at any particular site depends partly on the nature of the
bedrock in the vicinity of the site, and partly on the direction in
which the ice moved prior to deposition of the till at that site (see

Chapter 3.3).

1.3 Organisation of the thesis
The thesis is divided into four Parts. In Part I, a brief
introductory chapter, explaining the nature of the research project

and giving the geological setting, is followed as a logical
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consequence by a chapter in which the nature, origin and
classification of tills are examined. Chapter 3, in which previous
studies of tills in the NW Glasgow area and Northern Ayrshire are
outlined, is followed by a statement of the aims of the research
project. These aims are more clearly definable in Chapter 4, after
previous research has been considered, than in Chapter 1, where the
setting of the project has not been fully given. Chapter 4 also
describes the methods of investigation used in the course of the
research.

Parts II and III present the data derived from grain-size,
clay-mineralogical and geochemical analysis of the tills of,
respectively, the NW Glasgow area and Northern Ayrshire. Part II
also includes analytical data concerning bedrocks that underlie tills
in the‘NW Glasgow area. In both Part II and Part III, the results of
the grain-size, clay-mineralogical and geochemical analyses are
discussed, and conclusions regarding the nature of the various tills
of the two geographical areas are given.

Part IV of the thesis is concerned with the application of the
results of the grain-size, clay-mineralogical and geochemical analyses
to the possible solving of problems regarding the stratigraphical
relationships of the tills and associated deposits of the NW Glasgow
area and Northern Ayrshire. A final chapter is devoted to a summary
of the results of the research project, conclusions reached and
suggestions for further study of the tills of the two areas to which

the study was directed.

1.4 Explanatory notes
A number of terms used frequently throughout the thesis are
defined below. The system used in the numbering of samples is also

explained.



NW Glasgow area

The area referred to in the text below as the 'NW Glasgow area' is
shown in Figure 1.2. It consists of the north-western part of
Glasgow District (formerly the City of Glasgow), through which the
boundary between Red till (to the north-west)‘and Grey till (to the
south-east) extends, together with adjacent areas of the (former)
County of Dunbartonshire. Essentially, it covers the area in which
approximately fifty samples of Red till, Weathered Grey till and Grey
till were collected in the 1960s and, in addition, includes part of
the ground to the west and north, where the source bedrocks of the Red
till and minor components of the Grey till are located. Sites where
vertical series of samples of till were collected in 1986 are also
included in this area. One of the sites from which samples of
bedrock were obtained for analysis (see Chapter 9) is located to the

west and north of the area shown in Figure 1.2.

Northern Ayrshire

The area referred to in the text below as 'Northern Ayrshire' (or
'N Ayrshire') is more difficult to define than the NW Glasgow area.
The former County of Ayrshire covers a very large area, and comprises
three political divisions: Cunninghame (in the north), Kyle (in the
centre) and Carrick (in the south). Geological Survey maps of
Ayrshire on the scale of one-inch-to-one-mile, with their
corresponding Memoirs, cover areas that correspond broadly with the
political divisions, but also include parts of adjacent counties.
Sheets 21 and 22 cover northern Ayrshire, Sheets 13, 14, and 15 cover
central Ayrshire and Sheets 7 and 8 cover southern Ayrshire. The
Ayrshire sites from which samples were obtained for study within the
research project are located within the bounds of the Geological

Survey's Sheet 22, the northern part of Sheet 14 and the north-western



part of Sheet 15. The area concerned, therefore, is termed Northern
Ayrshire for the purposes of this study. More exactly, the area
extends from the coast of the Firth of Clyde in the west to National
Grid 'easting' 070 in the east, and from National Grid 'northing' 025

in the south to National Grid 'morthing' 050 in the north (Fig. 1.3).

Site and Location

Places where samples of till were collected for analysis are
denoted in the text below by the terms Site and Location. The term
Site denotes either a single, individual, Location or a group of
adjacent Locatiomns. For example, the Sorn Mains Site of Northern
Ayrshire comprises three Locations, 5-1, 5-2 and 5-3, positioned
within a few hundred metres of each other, whereas the Lochend Drive
Site of the NW Glasgow area consists of only one Location, that where
the sample with Field Number R42 was collected.

The Location at which each sample was collected either in the NW
Glasgow area or in Northern Ayrshire is recorded by eight—figure
National Grid Reference coordinates, except in the cases of the Sites
at Broomhill Cross and Elderslie Dock, NW Glasgow area, where only
six-figure coordinates are available from the records prepared in the

1960s by Dr W.G. Jardine.

Field Numbers used to identify samples of till and bedrock

Each of the 49 samples of till collected in the NW Glasgow area in
the 1960s is identified by a Field Number (1 to 50, omitting No.46,
which was a sample of water—deposited sand rather than till). In
many of the Tables giving data relating to the tills of the NW Glasgow
area, the Field Number of a sample bears the additional prefix R, WG
or G. This indicates that, as the result of the laboratory analyses

carried out in the course of the research project, the sample
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concerned was identified as belonging to, respectively, the Red,
Weathered Grey or Grey category of till of the NW Glasgow area.

Each of the 25 samples of till collected from four sites
(Laighpark, Clober, Kelvinside and Queen Margaret Hall) in the NW
Glasgow area in 1986 is identified by a number such as 4-3. In these
cases, the first number denotes the Site (individual Location) and the
second number denotes the position of the sample within a vertical
sequence of samples taken at the Site. In the example given above,
the Site (4) is Clober, and the sample was the third to be taken (in a
sequence of 5 collected upwards).

Each of the 64 analysed samples of gill from Northern Ayrshire is
identified by a number such as 6-4 or, in the case of samples from
Sorn Mains Locations, 5-2-3. The number 6-4, for example, identifies
the sample as being the fourth in a sequence collected at Location 6,
at Greenock Mains Site. The number 5-2-3 identifies the sample as
being the third in a sequence collected at Location 5-2 at Sorn Mains
Site.

Each sample of till, therefore, has a unique number, although the

'style' of that number may vary greatly. For example, it may be
WGl4, 1-3, 5B-2 or 5-1-4. Details concerning till samples are given

in appropriate chapters of Parts II and III below.

Names of Devonian and Carboniferous rock units

The names of Devonian and Carboniferous rock units used in section
1.2 of the text above and included in Tables 1.1 and 9.1 are those
that have appeared in the literature (including Geological Survey
maps) for more than fifty years (e.g. Clough et al. 1925; Bassett

1958; George 1958; Bluck 1973). Some of the terms now have no formal

standing since they do not conform precisely to strict codes of
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stratigraphical nomenclature. They are preferred here, however, to
those proposed recently (Paterson & Hall 1986) since, being better
known and covering a wider range of the late Devonian and early
Carboniferous rocks of western Scotland, they provide a more useful

framework for the geological setting of this project.
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Table 1,1 Generalised bedrock succession in the Glasgow area
and Northern Ayrshire. Not to scale,

Lower part of the
PERMIAN SYSTEM ENew Red Sandstone
Coal Measures

Millstone Grit
Upper Limestone Group

Carboniferous
CARBONIFEROUS Limestone Limestone Coal Group
SYSTEM Series Lower Limestone Group
Caleiferous Upper Sedimentary Group
( Sandstone Clyde Plateau Lavas
( Series

( Lower Sedimentary Group

DEVONIAN Upper 014 Red Sandstone

SYSTEM Lower 01d Red Sandstone

STILURIAN
SYSTEM

Dalradian rocks (metamorphic)
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CHAPTER 2

THE NATURE, ORIGIN AND CLASSIFICATION OF TILL

2.1 Introduction

Quaternary deposits formed in glacial environments are very
important, because they cover wide areas of the earth's surface.
Most of North America, particularly Canada, the entire northern part
of Europe (over a third of Europe) and considerable portibns of the
other continents have been glaciated several times during the last two
million years and covered by various thicknesses of till and other
glaciogenic deposits (Woldstedt 1954; Charlesworth 1957; Flint 1957
and 1971; Goldthwait 1971; Rukhina 1973). The Quaternary glacial
deposits are especially important in those areas because they provide
parent material for much of the soil. They also comprise natural
resources such as gravel, sand and clay for the building and
construction industries, and they may be important in the development
of water supply either as aquifers or seals, or in affecting the

water—-tightness of reservoirs, dams and canals.

2.2 Nomenclature

Various definitions of till deposits have been proposed. The
definitions reflect the complex history of investigation. Some
definitions were introduced during the 19th century from topographical
features and adapted, sometimes being used in different ways by
different authors, and still others have been introduced during recent
years. It is seldom that exactly the same definition of a particular

term is used by more than one author or group of authors, and this
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lack of agreement on nomenclature, combined with the complex and
variable nature of the till deposits themselves, makes classification
very difficult.

Although the definitions of till vary from one author to another,
most authors stress the following characteristics of till: 1) a
glacial origin; 2) the presence of a variety of rock and mineral
fragments of various sizes, many of the clasts having been transported
a considerable distance; 3) poor sorting, usually with bimodal or
multimodal distribution; 4)'lack of stratification, although some
tills are foliated; 5) compactness or close packing (Dreimanis 1976,
14).

Till was defined originally (Geikie 1863, 185) as, 'a stiff clay
full of stones varying in size up to boulders produced by abrasion
carried on by the ice sheet as it moved over the land'. Since then,
various authors have referred to till as being non-sorted (e.g.
Goldthwait 1971, 4; Flint 1971, 154) or unsorted (e.g. Hatch et al.
1965, 60). Many tills indeed are poorly sorted, in that they include
particles that vary greatly in size, but Dreimanis & Vagners (1971a)
demonstrated that, whereas tills made up of material that has
undergone only short-distance transport consist mainly of clast-size
particles, the matrix tends to become predominant with increasing
distance of transport. For a specific mineral or group of minerals
of similar physical properties, the particle-size distribution is
bimodal, one mode being in the clast grades and the other in the
matrix, where there is a typical 'terminal grade' for each mineral as
a result of glacial comminution.

In relation to this point, a problem that applies especially to
till is the use of the terms 'clast' and 'matrix'. Dreimanis (1969)

suggested that the boundary between clast and matrix should lie
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between 0.1 and 2.0mm, on the basis of his demonstration of the bi- or
polymodal distribution of the individual petrographical components of
till. Lindeén (1975) used 2.0mm as the upper limit of the matrix.

The boundary between matrix and clast used in the research project
discussed in this thesis agrees with that of Liddén (1975).

In order to emphasise that till is a glacial deposit, the word
'glacial' has often been added (Dreimanis 1976, 14). Goldthwait
(1971, 3), however, stresses that 'till is the only sediment stemming
directly and solely from glacial ice’. Flint (1971, 148) gives the
following definition of till: 'till is a nonstratified sediment
(diamicton) carried on or deposited by a glacier (glaciogenic) and
usually exhibits a multimodal grading curve'. Hence, according to
Flint (1971), the term is both sedimentological and genetic.

Till has several synonyms. The most popular are: 1) the English
term 'boulder clay'; 2) the French terms 'moraine' and 'moraine
profonde’', which are used in translated form in various non-English
languages in Europe. Since neither boulders nor clay are main
constituents of many tills, the term 'boulder clay' is losing its
former popularity (Dreimanis 1976, 15).

As there is some confusion concerning the correct use of the terms
'‘drift', 'till' and 'boulder clay', the meanings of these words as
used in this thesis are defined now. Flint (1971, 147) gives the
following definition of 'drift': 'As used today the term glacial
drift embraces all rock material in transport by glacier ice, all
deposits made by giacier ice, and all deposits éredominantly of
glacial origin made in the sea or in bodies of glacial melt water,
whether rafted in icebergs or transported in the water itself'.
Geologists early subdivided drift into two supposedly distinct kinds:

till or non-stratified drift, and stratified drift.
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Nowadays the term till is often used as a synonym of boulder clay
(cf. Geikie 1863; Woodward 1887; Holmes 1944). On this subject,
however, Flint (1971, 148) wrote the following: 'Till, like drift is
a term that long antedates the glacial theory. It is a Scottish
word, used by generations of Scots countryfolk to describe a kind of
coarse, obdurate land, the soil developed on the stony clay that
covers much of northern Britain. The earliest detailed areal glacial
studies published in Britain were Scottish. Hence the Scots term
came into wide use rather than the English term boulder clay. This
is fortunate because boulder clay is not a good designation for the
range of deposits we know as till. It is not good because some till
contains no boulders, some contains little or no clay and some (though
probably not very much) contains neither boulders nor clay, but only
silt, sand and pebbles’.

One can agree with Flint that till has a broader meaning than
boulder clay. In this thesis the definition used by Rice (1963, 416)
will be followed in part: 'Till. That part of a glacial drift
consisting of material deposited by and underneath the ice, with
little or no transportation by water; it is a generally unstratified,
unconsolidated, heterogeneous mixture of clay, sand, gravel and

boulders... Two kinds are recognised:

1. Glacier—till, deposited directly by glacier—-ice, not by

glacier-waters, though it may be locally modified by them.
Contrasted with glacier sediment, it may be
a) englacial - carried within the ice mass

borne on the ice surface

b) superglacial
c¢) subglacial - dragged along beneath the glacier and

in this case called also ground-moraine

or boulder-clay.
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2. Berg-till, detrital matter deposited by icebergs. Called also

subaqueous till or floe till'.

Till may be defined as sediment deposited by or from glacier ice
without the intervention of running water. This genetic definition
gives no effective sedimentological description, énd any attempt to
incorporate an indication of lithology or texture in a definition of
till cannot be sustained because of the very widely variable nature of
tills. Indeed, as Flint (1971, 154) states, 'Till is possibly more

variable than any other sediment known by a single name’.

2.3 Genetic variability of till
Variability of till depends upon numerous factors. Usually the

variety of rocks and minerals in till, and their particle sizes, are

considered most important. These variables can be determined
quantitatively, and therefore most of the applied classifications and
descriptions of tills are based upon lithological and granulometric
parameters (Lundqvist 1940; Elson 1961; Virkkala 1969; Broms 1973;
Karrow 1976).

Dreimanis (1976, 17) states that 'It is too difficult to identify
the origin or genesis of till. It involves a sequence of events,
beginning with (1) erosion of rocks and minerals, or merely
deformation of them by a glacier; (2) followed by transport of this
eroded material in or upon a glacier; and then completed by (3)
deposition of till by various mechanisms. There are so many
variables involved in the above sequences, that it is doubtful if a
person can be aware of all of them when interpreting the final product
till from the genetic viewpoint'.

Although it is difficult to study glacial erosiomn, transport and
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deposition at glaciers active at present, such investigations are
increasing (e.g. Bayrock 1967; Boulton 1968 and 1971; Goldthwait 1971;
Derbyshire & McGown 1973). Most theories on the above-mentioned
three processes, and resulting deductions on the origin of till,
however, have been based mainly upon investigation of already-
deposited recent or Pleistocene tills, or even pre-Pleistocene
tillites. Glacial geologists are still engaged in a continuing
process of evaluating the steadily accumulating information in order
to construct a genetic classification of tills, and to establish
useful criteria for differentiation not only of the various types of

till but also of till from other diamictons (Harland et al. 1966;

Dreimanis 1970; Flint 1971.).

2.4 Classification of till

The classification of till is often based on genesis and/or grain
size, although stratigraphy and petrographical parameters have also
been used. (It should be noted that many authors use the term
'texture' rather than 'grain size' when discussing tills.) A genetic
classification proposed by Dreimanis in 1969 is shown in Figure 2.1.
Since originally published, this classification has been developed
further and several other types of till have been added.

The classes of deposits shown in Figure 2.1 are reminders that for
a long time a genetic classification of till into two groups,

basal/lodgement till and ablation till, was recognised (Flint 1971).
A more sophisticated subdivision was made by Dreimanis & Vagners
(1971a) and later was modified somewhat by Dreimanis (1978), who
divided ablation till and basal till into two and three subgroups,
respectively, and (in 1969) proposed a further separate main type,
namely waterlaid till (Fig.2.2). Francis (1975) also suggested a

modification of the classification proposed by Dreimanis & Vagners.
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In order to distinguish between the various (genetic) subgroups of
ablation and basal till, it is necessary to carry out detailed fabric
analysis (Boulton 1970a and 1971).

When tills have been considered according to their modes of
deposition, which reflect only part of their genetic history, two main
types have been distinguished since the start ofitill investigations

about a century ago (Dreimanis 1976, 24):

1) Superglacial, supraglacial, ablation or upper:
till deposited on or from the surface of a glacier because

of downmelting ice.

2) Subglacial, basal, lodgement or lower:

till deposited beneath a glacier.

Most authors claim that ablation till is of coarse size grade, as
fines may become washed out (Elson 1961; ZLundqvist 1969: Flint
1971). Boulton (1968 and 1972b), however, demonstrated the absence
 of ﬁashing in some varieties of ablation till.

Since ablation tills are derived from englacial drift in areas of
continental glaciation, their lithological composition may differ from
that of basal till derived from basal drift. Ablation till usually
contains more distantly-travelled material than does basal till
(Shilts 1973 and 1976).

Boulton (1968 and 1972b) distinguished two varieties of
superglacial till: 1) melt—out till; 2) flow-till. He applied the
term 'melt-out till' to tills formed either om top of or underneath a
glacier. The former variety of melt—out till belongs only to what is

commonly called ablation till, while the latter variety of melt-out
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till corresponds to some extent with Elson's (1961) superglacial till.

Flow-till has been investigated, particularly by Boulton (1968 and
1971), on currently-active Svalbard glaciers, and found to be common
in their terminal zone. It is usually derived from the ablation
melt—out till which is fluid during thawing out of ice, and may move
down—-slope as mobile liquid flow, or as semi-plastic flow, or by creep
(Boulton 1971).

It is difficult to observe and study the‘deposition of till
underneath ice (Dreimanis 1976). Only a few investigations have been
carried out underneath present—-day glaciers, the most notable being
those of Boulton (1970a; 1970b; and 1971). Slightly more numerous
studies have been carried out in relation to recently-deposited tills,
some exposed, some still partly hidden underneath the glacier's edge
(Okko 1955; Donmer & West 1957; Goldthwait 1971; Jewtuchowicz 1972).
It follows from these comments that most deductions on the mode of
formation of subglacial tills have been based upon studies of
Pleistocene tills, assumed for various reasons to be of subglacial
origin.

Until recently, most students of subglacially-deposited tills
assumed that these tills had been deposited by lodgement or plastering
processes underneath active moving glaciers. As a result, the term
'lodgement till' (Dreimanis 1970) has gradually replaced the term
‘glacial till' that was used more commonly in the older literature
(Chamberlin 1894; Gillberg 1955). The densest variety of lodgement
till is called 'comminution till' by Elson (1961).

Classification schemes, based directly or indirectly on till
genesis, are discussed below in varying degrees of detail. It should
be noted that facies classification models are now available for some

modern glacial environments (Boulton & Eyles 1979; Eyles 1979; Boulton



24

1980; Martin 1980). Also, examples of classifications of till based

on grain size may be found in publications by Lundqvist (1940), Elson
(1961), Virkkala (1969) and Follestad (1973). Lundqvist's
classification is weakened, in Vorren's (1979) view, by requiring so
many words to describe certain till types. Vorren (1979) himself
proposed a simple grain-size classification of till, based on the
clay, silt and sand content, as shown in Figure 2.3.

Recently, Dreimanis (in Schluchter 1982) suggested a
classification system of till that may be constructed as shown in
Figure 2.4. It considers mainly the processes of deposition, but it
also takes account of the environments of transport and deposition,
and of the derivation of till. It recognises five main types of
till, which may have been deposited in somewhat different ways and
environments. Two main groups of till are distinguished: primary or
ortho-tills, and secondary or allo-tills. This grouping was proposed
in 1981 almost simultaneously by Boulton & Deynoux (1981) and
Dreimanis (1983). Dreimanis included subaquatic melt—out tills in
the secondary tills, contrary to Boulton & Deyndux. Ortho- and
allo-tills are further subdivided into three main types: lodgement
till, melt-out till and flow till. Briefly, these types and in
addition, deformation till and sublimation till, can be defined as
shown in Table 2.1 (from Lundqvist 1984).

As noted above in considering their classification on the basis of
genesis, tills are deposited in a number of different ways. Such
characteristics as lithological composition and fabric (the latter
discussed separately in Chapter 2.5) are dependent upon the particular
mode of deposition. Elson (1961) noted that the character of a till
depends on the lithology of the material from which the till has been

derived, on the position in which that material has been transported
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in the glacier and on the mode of deposition. Whereas Holmes (1941)
saw till deposition mainly in terms of lodgement, and Harrison (1957)
saw it mainly as the result of melting in situ, Elson (1961) stated
that two types of till are recognisable: lodgement till, formed
subglacially by 'plastering-on', and ablation till, formed on the
surface of the ice by the accumulation of melted-out englacial
debris. The lithological distinction between these two types of till
has been appreciated for about a century in Britain and North America
(Goodchild 1875; Torell 1877; Stone 1880; Upham 1891), and has been
described in detail more recently on the basis of work carried out in
southern Sweden by Gillberg (1955). Harrison (1957) concluded that
till was deposited as a result of melting out at the base of ice and
he also envisaged the deposition of wet till by flow beyond the ice
margin. From work carried out in Svalbard, Boulton (1970b, 235)
described tills 'produced either by top or bottom melting of a block
of buried debris-rich ice, and ... not deformed by subsequent creep or
flow at the surface’'. He gave these deposits the name 'melt-out
till.' At first, melt-out till was classed as supraglacial by
Boulton (1971). In a later classification, Boulton (1972a)
recognised the existence of both supraglacial and subglacial melt-out
till.

Francis (1975) summarised the general characteristics of the
principal varieties of till. All tills tend to have a wide range of
particles sizes compared with most other sediments. This diversity
is also reflected in the mineral composition of most tills, because
they commonly contain clay, silt and sand, and significant proportions

of particles of larger diameters.

2.5 Fabric of till

Many writers have concerned themselves with the fabric of tills.
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The term 'till fabric' was introduced by Holmes in 1941 and was used
to denote 'the space relations among the component rock and mineral
fragments in undisturbed till'.

Pebbles in tills tend to have long axes oriented parallel to the
direction of ice flow. The shapes and surface markings of clasts
have been used to illustrate the mode and position of their transport
by ice (Drake 1972), and also to demonstrate the abrasion of
stationary clasts beneath sliding ice (Okko 1955; Boulton 1978).

Such forms as 'bullet-shaped' boulders (Boulton 1978) and associated
strongly-preferred orientation of clast long axes parallel to the
direction of ice movement (Mills 1977;.ﬁumlum 1981) are evidence of
deposition of till by lodgement.

Andrews & Smith (1970) considered that flow within the matrix of
deposited thick basal till layers, which would be faster than that of
the contained pebbles, may be responsible for the formation of the
long-axis subfabrics. Lindsay (1970), however, stated that the clast
fabric is the result of numerous processes operating englaciélly,
subglacially and post—depositionally, i.e. during transport, during
deposition and as a sequence of processes of compaction, mass movement

or water sorting.

2.6 Conclusions

Till is the ubiquitous glacial deposit by which every former
glacier is most surely traced. It is poorly-sorted sediment of mixed
sizes (clay to boulders), characterised by the presence of a variety
of rock and mineral fragments. Some grains and stones are striated,
and very elongate clasts often have predominant orientations
(Goldthwait 1971, 19) .‘

Deposition may be either subglacially beneath a glacier as basal
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(lodgement) till or superglacially (supraglacially) on or from the
surface of a glacier by ablation as flow till or melt-out till.

Till is one of the most variable of sediments and this variability
is caused by: 1) the variety of rocks, minerals and reworked
sediments of which till is composed; 2) the various ways in which
these materials have been incorporated in or on a glacier; 3) the way
in which these materials have been transported. Post—-depositional
changes can also influence the properties of till. It is obvious,
therefore, that the composition of a till deposit depends on the

nature of the terrain crossed by the ice that deposited the till.
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Table 2,1 Till types and definitions, Based on Lundqvist 1984, 13-14.

Type of till Definition

Lodgement till Deposited from the sliding base of a dynamically
active glacier by pressure melting and/or other
mechanical processes. The product is usuwally a
dense basal till with well-developed fabric and

often a distinct sub-horizontal fissility.

Melt—-out till Deposited in the course of slow release of glacial
debris from ice by melting, without sliding or
deforming internally, either at the base or the
surface of a glacier. The product is a fairly dense
till with preserved fabric, often laminae and lenses
of sorted sediments and a fine-grained coating of

its clasts.,

Sublimation $ill TFormed in a similar way to that of melt-out till

at the surface of a glacier in arid polar climate,

Flow till Formed in the course of redeposition of debris
immediately upon release from the ice by gravity-
controlled processes: flow, slumping, sliding, etc,
The fabric, density and structure of the till are

altered as a consequence,

Deformation till Formed by translocation of material dragged beneath
the glacier sole, It consists mainly of material
making up the basement of the glacier, which has

been deformed and to some extent mixed with displaced

material,



33

CHAPTER 3

PREVIOUS STUDIES OF TILLS IN THE NW GLASGOW AREA

AND NORTHERN AYRSHIRE

3.1 Introduction

Tills have been studied in various parts of the world for more
than a hundred years. The tills of the Glasgow area and Ayrshire
were some of the first to be studied. Their earliest investigations
date to the early years of the 19th century.  Since then, many
distinguished geologists, such as Sir Archibald Geikie, Professor
James Geikie and Sir Edward Bailey, have been involved in the mapping
and interpretation of the till and associated Quaternary deposits of
western Scotland. In this chapter a summary is given of previous
studies that have been made of the tills of the north-western part of
the Glasgow area and of the northern part of Ayrshire. The summary
includes reference to conclusions that have been drawn from time to
time concerning the sequence of Quaternary events in the two areas.
The summary also indicates the methods of study that have been used in
the past to record the characteristics of the several varieties of
till that are present in NW Glasgow and N Ayrshire. A result of the
latter part of this survey is that it is clear that, despite the long
period over which investigation of the tills of the Glasgow area and

Ayrshire have been made, by 1985 there was available comparatively

little detailed mineralogical information and an even smaller amount
of geochemical data on these tills. The present study, therefore,
contributes substantially to the store of factual information on the

tills of parts of western Scotland. In addition, the data recorded
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in the course of the research project may be of use in up-dating the
interpretation of the sequence of glacial and associated events that
took place in NW Glasgow and Northern Ayrshire during the Quaternary

period.

3.2 NW Glasgow area

More than seventy years ago it was noted by the Geological Survey
that two distinctly different varieties of till are present in the
north-western part of the Glasgow area, a dark-blue or grey till with
boulders and pebbles of Carboniferous sedimentary rocks, and a red or
purple till with a stone content predominantly of Highland rocks and
basalts of Carboniferous age (Clough et al. 1911, 184-185). No
explanation was given for the presence of two tills rather than one
" within the area, but it was stated that the 'red till is found north
of a line drawn between Maryhill and Yoker' and that 'East of Yoker a
dark blue boulder clay suddenly appears' (Clough_gg_gl. 1925, 225).
Menzies (1981, 161) suggested that the position of the boundary
between the two tills as reported by Clough et al. is only partially
correct. Jardine had been more specific. He stated that the
thickness of the red till 'increases in a northwesterly direction,
from about one metre or less near a SW-NE orientated line extending
approximately from Partickhill railway station (555, 666) to Possil
Loch (585, 698) to several tens of metres in the burghs of Bearsden
and Milngavie' (Jardine 1973, 162). This statement does not question
the observation by the Geological Survey that the grey till occurs
only to the east of Yoker. It does suggest, however, that between
Yoker and Partickhill, a distance of 3-4km, there is a zone within
which the grey till is covered by a variable thickness of red till.

The zone extends north-eastwards, approximately parallel to
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the SW-NE oriented line between Partickhill and Possil Loch that marks
the south—eastern limit of the red till (Fig. 1.2). Menzies (1976,
152) supported this suggestion when he wrote '...in Maryhill (567 689)

red till was observed overlying grey till'.

Jardine (1973) also summarised what had'al;eady been more fully
recorded by the Geological Survey, namely, that most of the low hills
on which central and western Glasgow is built are drumlins consisting
mainly of the grey till mentioned above. The grey till was said to
have a sandy clay to clay matrix, probably derived from local
Carboniferous rocks — white or buff sandstones, shales, limestones and
occasional ironstones — and the stone fraction also comprises mainly
local Carboniferous-rocks, but occasional Highland rocks,
Carboniferous basalts and 01d Red Sandstone (ORS) fragments are
present. In contrast, the red till was said to have a sandy clay
matrix, derived apparently from ORS rock fragments and Carboniferous
basalts. The stone content was thought to be dominantly of Highland
rocks, ORS rock fragments and Carboniferous lavas, but occasional
small fragments of local Carboniferous shale and white or buff
sandstone are also present.

In the late 1960s and early 1970s the nature and mode of origin of
the red till, within the zone where it occurs together with the grey
till, were subjects of debate. Interpretations were influenced by
the claim by Sissons (e.g. 1963; 1964) - later proved erroneous — that
a 'Perth Readvance' of ice had occurred at a time between that of the
main Late Devensian glaciation and that of the Loch Lomond
Readvance. According to Jardine (1973, 163), one view was that 'the
red till may be an ablation deposit, inferentially a product of the
ice sheet which deposited the grey till of central Glasgow as

lodgement till, another is that the red till is the deposit
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of a separate ice readvance which followed at least partial uncovering
of the grey till by ice’'. A more recent explanation of the
differences in characteristics and colour of the two tills being due
to 'bedrock variations associated with ice transport and accompanied
dilution and enrichment of local bedrock sources' (Menzies 1981, 161)
is now widely held.

Much of the information concerning the nature of the red till and

grey till of the NW Glasgow area has been derived from borehole data
obtained in the course of investigation of the area by the British
Geological Survey and commercial companies (Menzies 1976, Volume 3;
Menzies 1981). In 1980, a borehole computer database for Scotland
was initiated by the British Geological Survey (McMillan et al.
1984). Some of the uses to which the database may be put within a
stratigraphical context have been discussed by Browne & McMillan
(1985). According to Browne & McMillan (1985, table 1), the
'Wilderness Till' of the Glasgow area is a lithological unit
(Formation) that was deposited during the main Late Devensian
glaciation. At Erskine Bridge, located near the western extremity of
the area considered in this project, and at the 'type' site at
Wilderness, in the northern part of the area considered here, the
Wilderness Till has the characteristics of the red till discussed
above. At Erskine Bridge this till has a Devonian (0ld Red
Sandstone) source. In parts of the Glasgow area south of Wilderness
and east of Erskine, the Wilderness Till is said to correspond to the
grey till considered above, being '... dark brownish grey at Broomhill
and Baillieston (coal-bearing Carboniferous source)' (Browne &
McMillan 1985, 17).

Most of the published information on the nature of the red till

and grey till is descriptive rather than analytical, but limited
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laboratory analysis of the tills has been made. The particle size
distribution of red (lodgement) till exposed at Geilston (NS 3410
7777), near Cardross between Dumbarton and Helensburgh, was determined
by Rose (in Jardine 1980, 27 and fig. 2.4). A thesis by Menzies
(1976) entitled 'The Glacial Geomorphology of Glasgow with particular
reference to the Drumlins' included analysis of the distribution of
Carboniferous, 0ld Red Sandstone and Highland (metamorphic rock)
pebbles in till samples that were obtained almost entirely from
British Geological Survey and commercial boreholes. The particle
size distributions of the red and grey tills of the NW Glasgow area
were also determined by analysis of a total of about 20 samples from
boreholes. The results, together with a map showing percentage
variation in the pebble lithology of the till in the Glasgow area, are

given by Menzies (1981, figs. 4 and 5).

3.3 Northern Ayrshire

Previous studies of tills in Northern Ayrshire are summarised in
Memoirs and a Report of the British Geological Survey (Richey‘gg_gi.
1930; Eyles et al. 1949; Goodlet 1970), a Memoir of the Soil Survey
(Mitchell & Jarvis 1956) and a doctoral thesis on 'The Glaciation of
Central Ayrshire' (Holden 1977). An important early account of the
tills is contained within 'The Drift or Glacial Deposits of Ayrshire’
(Smith 1898), a publication that records the occurrence of till, and
its relationships with other Quaternary deposits, at numerous sites
throughout Ayrshire.

Many of the earliest studies of tills in Ayrshire, as elsewhere in
Scotland, attributed the deposition of till to the action of floating
ice. By the end of the 19th century, however, with the acceptance of

the 'Glacial Theory' of Agassiz, it was recognised that the tills of



38

Ayrshire owe their deposition to the action of glacier ice that

originated in the south-western Highlands (tills of N Ayrshire) or in
the Southern Uplands (tills of S Ayrshire). In part of Central
Ayrshire there is 'debatable ground' (J. Geikie 1894) where the
Highland and Southern Uplands ice streams met. ‘ ihis area lies south
of the southernmost sites included in this study, but its presence is
of importance because it provides evidence of the influence of the
Southern Uplands ice mass on the direction of flow of Highland ice in
the southern part of the area with which this study is concerned.

Theories regarding the direction of ice flow in N Ayrshire have
been based partly on the orientation of glaciai striae and drumlins,
and partly on the presence of 'erratic' clasts within the till. The
most important of these erratic clasts are Highland (metamorphic)
rocks and fragments of marine shells. Their significance in the
interpretation of the glacial history of Northern Ayrshire is
incorporated into the account that follows.

Richey et al. (1930, 318) pointed out that, ignoring in the first
instance the possibility that during the Quaternary period there were
successive glacial episodes in Ayrshire separated by non-glacial
intervals, it may be said that marked changes in the direction of ice
flow across N Ayrshire took place from time to time. These authors
suggested that an early ice flow from the west can be detected in the
southern part of the area whilst, at a later date, ice flow from the
north—-east and, latterly, from the north-west occurred in the northern
part of Ayrshire. Goodlet (1970), writing in a }éter Geological
Survey Report, suggested a different interpretation of the evidence,
namely that, 'ice ... crossed the county boundary in the north-east
and spread westwards over the low ground between Kilmarnock and the

coast. ... At a later stage Highland ice advancing southwards in the
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hollow now occupied by the Firth of Clyde thickened up and pushed its
way laterally onto the present land area entering Ayrshire from the
north-west' (Goodlet 1970, 46) (see also Fig. 3.1).

The main evidence of ice flow from the west, according to Richey
et al. (1930, 320-327) and Eyles et al. (1949, 124-127), is the
presence of clay deposits containing marine shells in parts of the
southern part of N Ayrshire that are long distances inland from the
present coast of the Firth of Clyde. The nature and origin of the
clay deposits have been matters of dispute for around 100 years.
Smith (1898), and even J.W. Gregory as late as 1927, attributed these
deposits to marine submergence up to about 300 metres above present
sea level. The Geological Survey writers of the 1930s and 1940s,
however, adopted the view that the shell-bearing deposits are the
result of transport by 'land ice', and suggested a direction of

movement of Highland ice southwards along the floor of the northern

part of the Firth of Clyde, followed by west to east movement across
the southern part of N Ayrshire during the period in which the
shell-bearing clays were deposited (Fig. 3.2).

An important aspect of the Geological Survey's interpretation of
forty years ago (Eyles et al. 1949) is that no distinction in mode of
emplacement in their present positions was made between shell-bearing
sediments that clearly are till deposits and those that at present are
regarded as in situ marine clays. It was noted (Eyles et al. 1949,
126-127) that, 'As a rule the shells are scattered sporadically in the
boulder clay, but richer deposits, where the matrix is a blue-grey
almost stoneless clay, have been noted at two localities in the
neighbourhood of Tarbolton and at a third near Catrime. ...These
masses of shelly clays, clearly distinct from ordinary boulder clay,
are regarded as portions of the sea-floor transported in a frozen

condition and deposited as erratics. Their occurrences are too
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isolated for them to be considered as representing a marine deposit in
situ of preglacial or interglacial age'.

Holden (1977) disagreed with Eyles et al. (1949), by taking the
view that the shell-bearing sediments of the southern part of N
Ayrshire comprise two deposits that differ distinctly in origin - a
shelly till and a marine shell-bearing clay. He identified exposures
of the latter at Afton Lodge (one of the two localities mentioned by
Eyles et al. 1949, 126) and near Catrine. The remainder of the
shell-bearing 'drifts' of Ayrshire he regarded as shelly tills.

Holden claimed to have shown conclusively that the ice moved from
north-east to south-west over the area where the pockets of marine
clays are preserved; at Afton Lodge they are located on the lee side
of a major (igneous) obstruction to ice flow. It follows from his
claim that the shell-bearing harine clays could not have been picked
up by ice from the Firth of Clyde (Holden 1977, 111). It should also
be noted that a major conclusion arising from Holden's work is that
the shelly tills of the southern part of N Ayrshire were deposited by
ice that, in general, moved from north to south rather than west to
east over that part of Ayrshire. The shells that occur in the
Ayrshire tills, therefore, in Holden's view, were not picked up by ice
from the floor of the Firth of Clyde, but from further north,
presumably from the area of the Estuary of the Clyde. Support for
this view, and for that of the marine origin of the 'high-level
shell-bearing clays' of Ayrshire was given recently by Sutherland
(1981, fig. 1 and p.249; 1984, 180). It is of interest to note that
Goodlet's (1970, fig. 4) diagram showing the direction of ice movement
over southern Scotland also shows the main direction of ice movement
in Ayrshire as being from the north and east, and towards the west.

Reference to the publication by Goodlet does not appear within either
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the text or the bibliography of Holden's doctoral thesis.

Holden's view that ice flow was dominantly from the north during
deposition of all the tills of the southern part of N Ayrshire
corresponds with the observation by the Geological Survey writers of
the 1930s and 1940s that, following deposition of the shelly till by
west to east flow, 'a later current from the north—-east ... left a
strong stamp on the physiography of the greater part of the district’
(Richey et al. 1930, 318), 'the district' here being the part of N
Ayrshire covered by Sheet 22 of the Geological Survey One—Inch map
series. The evidence in favour of two quite different directions of
ice flow is partly the orientation of striae and drumlins, and partly
the existence of two superimposed tills at certain locations. One
area where these two varieties of evidence are claimed to be present
extends from Kilmarnock for about 7km north-eastwards to the vicinity
of Hareshawmuir Water (Fig. 1.3). Near Tayburn, Smith (1898, 51)
found a few marine shells in till, whilst the Soil Survey (Mitchell &
Jarvis 1956, 29) recorded the presence of two superimposed tills in
that area, the lower being a shelly till (theAshells supposedly
carried eastwards from the Firth of Clyde), and the constituents of
the upper till being mainly local in origin. At two Locations, named
Tayburn 5B and Tayburn 7B in this study, two superimposed tills were
recorded and sampled on the banks of Hareshawmuir Water.

The Tayburn locations were not included in Holden's studies of N
Ayrshire tills. His research was concerned with the southern part of
N Ayrshire. In the majority of the exposures he examined, only one
till was observed, and that till commonly contained 'fragments of
marine shells and angularbclasts of sandstones, dolerites and schists’
(Holden 1977, 32). In a limited part of Ayrshire, however, between

Sorn and Muirkirk, Holden recorded 'a lower till unit which contains
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Highland erratics and shell fragments ... overlaid by a considerable
thickness of sand and gravel and an upper till unit which contains
only local material' (Holden 1977, 176). The multi-sequence
exposures were regarded as representing only a minor readvance of the
Highland ice that occupied that part of Ayrshire. Holden was of the
opinion that there is no evidence to suggest that the southern part of
N Ayrshire was affected by more than one major advance of ice. The
sites of Sorn Mains, Greenock Mains and Merkland Burn, which are
considered in this research project, are located within the limited
part of Ayrshire where Holden recorded multi-sequence exposures.

With regard to the methods used to collect data, and the nature of
these data, these aspects of previous research on the tills of N
Ayrshire may be summarised as follows. Smith's (1898) account of the
tills and other Quaternary deposits of Ayrshire records locations
where tills have been found, and the thicknesses of till units at
sites where Smith found vertical sequences that included tills.

Where appropriate, the account also records the presence and identity
of marine shells within the till, and gives the altitude of the
exposure., The Geological Survey, since its earliest studies of N
Ayrshire, has recorded directions of orientation of striae and of
drumlins on its published maps, and has made general comment on the
nature of the constituents of the steone-fraction of till at a number
of exposures., The presence of shell fragments within the till'has
also been recorded, where relevant. Till analysis by Holden is more
specific, At several selected sites the following characteristics
were recorded for samples of till (exact positions of samples
analysed, especially in terms of altitude, were not recorded): stone
orientation, including Chi square test and dip stremngth calculation;

particle size in terms of percentage of gravel, sand and silt/clay;
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nature of the constituents of the stone fraction, as percentages of

Highland, Southern Uplands and lecal rock types, and a statement of

whether or not shell fragments are present in the till.




44

MILES
10 20 30

111

10 20 30 40 50
KILOMETRES

+{gerRWICKA

M MERRICK
H HARTFELL

BL BROAD LAW
CC CAIRNSMORE OF CARSPHAIRN

600-1500 FEET
\_ﬂ ARROW SHOWS . PROBABLE
DIRECTION OF ICE MOVEMENT

4 1500+ FEET

Figure 3,1 Directions of ice movement over southern Scotland
suggested by Goodlet (1970).




55° JON.

45

Miles
3 o s 20

+ Kilmarnock
1 s
AD;.,?'gona d Distinkhorn

Mavchline
<

—.
‘NQSL oSS

Figure 3.2

Map indicating ice currents during accumlation
of shelly till in Ayrshire, according to Richey
et al. (1930). Areas free of Highland boulders
are outlined by dots. ,



.
[N

CHAPTER 4

AIMS OF THE RESEARCH PROJECT, AND METHODS OF INVESTIGATION

4.1 Aims of the research project

The nature, origin and classification of tills were discussed in
Chapter 2, and previous research on tills of the NW Glasgow area and
Northern Ayrshire was summarised in Chapter 3. Combining the
information contained in these chapters, it is clear that both the Red
till and the Grey till (including the Weathered Grey till) of the NW
Glasgow area are lodgement tills - although in the late 1960Us one of
several theories regarding the origin of the Red till was that it is
an ablation deposit. Similarly, with the possible exception of the
shelly till of the Scurlie site, which in places has some of the
characteristics of a flow till, all the tills of Northern Ayrshire
that are considered in this project are thought to be lodgement tills.

In the project, therefore, where contrasts and similarities
between the properties of two or more till samples are noted, direct
interpretations can be made, because the tills concerned do not differ
in origin.

With this point clarified, the aims of the research project may be
stated under two main headings (4.1.1, 4.1.2). The further aim, of
applying the results of the mineralogical and geochemical analyses of
the tills to the tackling of problems of Quaternary stratigraphy in
the NW Glasgow area and Northerm Ayrshire, is the subject of Chapter

14,

4.1.1 Aims of studies of tills of the NW Glasgow area

A general aim of the research project im relation to the NW
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Glasgow area is:

Aim 1 To present detailed grain-size, clay mineralogical and
geochemical data for the matrices of the three categories of
till that occur in the NW Glasgow area, and to examine these
data by the use of standard mineralogical and geochemical

methods of comparison.

As regards more specific aims, as explained in Chapter 1.1, some
of the samples of till from the NW Glasgow area that were available
when the research project was begun in 1985 were thought to be of Red
till, others of Grey till, and yet others of Weathered Grey till.

The samples had been allotted to these three categories in the 1960s
on the basis of their field appearances, especially on the basis of
their colours (as recorded in Munsell Soil Color Charts). In many
cases a given sample was clearly 'Red till', 'Grey till' or 'Weathered
Grey till’'. There was, however, a substantial number of field
situations (near to the 'feather edge' of the Red till) where there
had been difficulty in assigning a till sample to a particular
category. For this reason, it was decided that a specific aim of the

project should be:

Adm 2 To assign each of the till samples of the NW Glasgow area to
one of three categories (Grey till, Weathered Grey till, Red
€111) that are distinguishable on the basis of their grain

gize, clay mineralogy and geochemical characteristics.

Distinetion between Red till and Weathered Grey till is especially
diffieult in the field. It is important therefore to establish, if

possible, the eriteria by which the Red till and Weathered Grey till



48

may be distinguished objectively (by using laboratory data) rather
than subjectively (on the basis of field observations). Aim 3,

therefore, is:

Aim 3 To determine the mineralogical and geochemical criteria on
which the Red till and the Weathered Grey till may appear
similar and, conversely, on which they may be distinguished

from each other.

Following from the above, it is possible that the post-
depositional alteration of Grey till to Weathered Grey till has
produced changes in composition that lead to there being similarities .
between the Weathered Grey till and the Red till. A further aim,
extended to include possible post—depositional alteration of the Red

till, therefore, is:

Aim 4 To determine the mineralogical and geochemical changes that
occur through the vertical profile of (a) the Grey till, in
combination with the Weathered Grey till, and (b) the Red

till.

At some sites within the NW Glasgow area, Red till was recorded
(in the 1960s) as resting on Grey till. At other sites, Weathered
Grey till was recorded as overlying Grey till. At a few sites, Red
till was recorded as overlying a thin zone of Weathered Grey till
which, in turn, overlay Grey till. In view of the reassessment of
the categories to which several of the till samples should be

assigned, a fifth aim is:
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Aim 5 To reconsider the sequences of tills at sites in the NW
Glasgow area where two or more of the categories of till are

superimposed.

As discussed briefly in Chapter 3.2, the mineraiogical com—
positions of the Red till and the Grey till have been attributed to
these tills being derived, respectively, mainly from Devonian (0ld Red
Sandstone) rocks and Carbéniferous rocks. These deductions
apparently are based on limited mineralogical analysis of the tills
and largely on field assessment of the characteristics of the
bedrocks, there being only a few published mineralogical and
geochemical analyses of either the tills or bedrocks. To test the
inferences concerning the provenances of the tills, samples of
Devonian and Carboniferous bedrocks, collected from within the NW
Glasgow area and from its environs to the north and west, were
subjected to mineralogical and geochemical analysis. The aim of this

part of the project may be stated thus:

Aim 6 To examine the relationship between the mineralogical and
geochemical compositions of the Devonian (0ld Red Sandstone)
and Carboniferous bedrocks of the NW Glasgow area and the
corresponding compositions of the Red and Grey tills of the

same area.

4,1.2 Aims of studies of tills of Northern Ayrshire

As stated in Chapter 1.1, a general aim of the studies in Northern
Ayrshire is to increase the amount of information, especially
analytical data, on the tills of that part of western Scotland. It

should be noted that, because the analysed samples from Northern

Ayrshire were collected solely for the purposes of the project, some
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of the aims of this part of the project are directed towards problems
that exist at a specific site or group of sites. Aim 7, however, is

wide in its scope:

Aim 7 To present detailed grain-size, clay mineralogical and

geochemical data for the matrices of tills present at
selected sites in Northern Ayrshire, and to examine these
data by the use of standard mineralogical and geochemical

methods of comparison.

Thick deposits of till containing fragments of the shells of
marine molluscs etc., i.e. shelly till, are present at one or more
Locations within the Sites investigated at Greenock Mains, Merkland
Burn and Sorn Mains. These deposits are part of a shelly till that
is widespread in Northern Ayrshire (see Chapter 3.3.), but whose
characteristics are not well known. A major objective of the study,
therefore, is to determine the properties of the shelly till. Two

major aspects of this objective are given in Aim 8:

Aim 8 (a) To determine the mineralogical and geochemical properties
of the shelly till at individual field Sites, by comparison
of the properties of samples from more than one Location
within these Sites.

(b) To determine the mineralogical and geochemical properties
of the shelly till of Northern Ayrshire, by comparison of the

properties of samples of the till from several field Sites.

At Tayburn and at Location 5-3 at Sorn Mains, a grey till is super-

imposed on a red till. Shelly till is present at Locations 5-1 and

5-2 at Sorn Mains and the presence of shelly till in the vicinity of
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Tayburn has been reported (Smith 1898, 51). The possibility of one
of the tills at Tayburn and at Location 5-3 at Sorn Mains being
generally similar in its properties to the shelly till of Northern
Ayrshire therefore should be examined, although none of the four tills
concerned is visibly shelly. This and related items of interest are

included in Aim 9:

Aim 9 To examine the nature of, and relationships between, two
superimposed tills at Tayburn and at Location 5-3, Sorn
Mains, and to determine whether or not one of the tills at
each site resembles the shelly till of Northern Ayrshire in

its mineralogical and geochemical properties.

At Sourlie, an Upper grey till overlies a thinly-developed
pink-brown 'shelly' till which, in turn, overlies organic-rich
silts/clays and unfossiliferous gravels that rest on a Lower grey

till. Aims of the project related to the sequence at Sourlie are:

Aim 10 To determine the mineralogical and geochemical similarities
and differences between the Upper and Lower grey tills at

Sourlie.

Aim 11 To determine the mineralogical and geochemical similarities
and differences between thé pink-brown 'shelly' till at

Sourlie and the shelly till that is present at other Sites in

Northern Ayrshire.

At the majority of the Ayrshire sites, vertical sequences of till

samples were collected. The reasons for this are given in Aim 12:
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Aim 12 To determine the mineralogical changes that occur through

vertical profiles in (selected) tills of Northern Ayrshire,
and to determine, if possible, whether or not any changes
observed (a) have been caused by weathering, and (b) suggest
that the weathering of a lower till took place prior to

deposition of an overlying upper till.

As noted in Chapter 3.3, shell-bearing clays present at Afton
Lodge, a short distance ENE of the town of Ayr, have been regarded,
largely on the basis of field evidence, either as part of the shelly
till deposits of Ayrshire (Eyles et al. 1949, 126-127) or as marine
sediments that are quite distinct from the shelly till deposits
(Holden 1977). Samples of the Afton Lodge shell-bearing clays were
analysed with a view to providing laboratory data on the similarities
and differences between the Afton Lodge clays and the shelly tills of

(Northern) Ayrshire. Aim 13, therefore, is:

Aim 13 To determine the mineralogical and geochemical properties of
the shell~bearing clays at Afton Lodge, and hence to
determine the similarities and differences between the
properties of these shell-bearing clays and the shelly tills

of Northern Ayrshire.

4.2 Methods of investigation

4.2.1 Field sampling and recording

The research project was designed in such a way that the maximum
amount of time could be devoted to obtaining a large number of
mineralogical and geochemical data by means of laboratory analysis.
About twenty days, however, were spent in the field, mainly in

Ayrshire, collecting samples of tills and recording the positions of
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these samples within till bodies and, where relevant, the
relationships of the till bodies to other Quaternary deposits.
Details of sampling procedures and related data for the NW Glasgow

area and Northern Ayrshire are these:

NW Glasgow area

The pattern of colleétion of samples of till (49 in all, oﬁe of
the original 50 samples — No.46 — being of sand) in the NW Glasgow
area in the 1960s was neither geographically regular nor deliberately
randomised, but depended on the availability of suitable natural
sections or, more commonly, artificial excavations. Wherever
possible, samples were collected from depths greater than one metre
below the ground surface, to avoid the possibility of reworked
material being included. The positions of the samples within the NW
Glasgow area are shown in Figure 1.2, and Site names, National Grid
References and Munsell Color determinations are given in Table
4.1. Records of the field relationships of the samples collected at
sites where more than one category of till (Red, Weathered Grey, Grey)
was identified in the field are included in appropriate parts of
Chapters 5 to 8 and Chapter l4.

In 1986, twenty-five samples were collected from four sites where
profiles in Red till (Laighpark and Clober sites) and in Weathered
Grey till together with Grey till (Kelvinside-Great Western Road and
Queen Margaret Hall-Winton Drive sites) were exposed at that time.

In each of these cases, samples were collected at regular intervals
within a vertical sequence. Details are given in Table 4.1.

Samples of bedrock were also collected in the NW Glasgow area.

The positions of sites from which samples of bedrock were collected

were determined largely by the rather limited availability of

exposures of solid rock within the area being studied. For this
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reason, some of the bedrock samples probably are not truly typical of
the major lithological units that underlie the NW Glasgow area. For
example, the limestone samples were collected from two thin layers
that are exposed in the bank of a stream (Cleddans Burn), at NS 5107
7278, a short distance east of Hardgate. Stratigraphically, the
sampled limestone layers probably are a few metres lower in the Lower
Carboniferous sequence than the Hurlet Limestone, a thick-bedded
limestone that was encountered below the Glasgow area in numerous
boreholes and shafts sunk in the past. Exposures of the Hurlet
Limestone itself were not available at the time the samples of bedrock
were collected in 1986. The positions of most of the sites where
samples of bedrock were collected within the NW Glasgow area are shown
in Figure 1.2, and further data concerning the samples are given in

Tables 9.1, 9.2 and 9.3.

Northern Ayrshire

During 1986, six sites in Northern Ayrshire were visited (most of
them on more than one occasion), and samples were collected from one
or more locations at each of the sites. The positions of the sites
are shown in Figure 1.3. As noted in Chapter 1.1, the selection of
five of the sites to be sampled depended partly on the availability of
suitable exposures, but more especially on the presence of either two
superimposed tills or shelly till (or a combination of these
requirements) at each of the selected sites. At the sixth site,
Afton Lodge, the purpose of sample collection was to enable analyses
to be made of clays that Holden (1977) had identified as in situ high-
level, shell-bearing clays, probably marine in origin (see Chapter
3.3). At most of the sites, scale drawings of the steeply-sloping

'cliff' faces, showing the stratigraphy and positions of samples
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collected, were made on the basis of measurement with a 30m tape. At
Sourlie, the positions of locations and samples were provided by
Irvine Development Corporation engineers on the basis of highly
accurate Electronic Distance Measurement (EDM) instrumental survey-
ing. Site data for Northern Ayrshire are summarised in Table 4.2,
and details are given in appropriate parts of Chapters 10 to 13.

At the five sites where tills were collected, a 'systematic'
sampling plan (May & Dreimanis 1976, 101) was used to collect 64
samples, between 1.5 and 2.0kg in weight, along 12 steeply-inclined
'cliff' exposures. To evaluate vertical variation at locations of
major stratigraphical significance, in most cases samples were taken
at 50cm or 100cm (lm) vertical intervals at such sites; each bulk
sample was taken over a vertical range of 25cm.

The following precautions were taken to avoid contamination in the

course of sample collection:

1) Faces of cliffs were cleared of slumped material.

2) The outermost 20cm of exposed till in a cliff face was removed
before a sample was taken.

3) All joint surfaces were removed from a block of till before
the block was retained as the whole or part of a sample.

4) No samples were collected from the zone of leaching at the top

of a cliff.
4,2.2 Laboratory procedures
4.2.2.1 Sample preparation

Before each till sample was analysed, it was dried at 105-110°C in

the oven.
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4.2.2.2 Mechanical analysis of the till matrix (<2mm),
sand-silt-clay fraction.

Grain-size analysis was performed on the till matrix, using dry
sieving and pipette analyses (Fig. 4.1). Following standard
practice, 2.0mm was taken as the granule-sand boundary, 0.063mm as the
sand-silt boundary and 0.002mm as the silt~clay boundary. The sand
fractions (~-1.0 to 4.0 phi) were sieved through one phi interval
screens, and mud fractions (finer than 4.0 phi) were pipetted, all
according to standard methods (Folk, 1968).

After removal of most of the stones by hand picking, the dry till
sample was disaggregated by gentle crushing, using a rubber—~headed
pestle and mortar with the minimum force. Great care was taken not
to crush individual particles. As pebbles larger than 2mm were
picked from the samples during the crushing, the material analysed was
mainly less than 2mm in diameter.

Using a sample-splitter, representative samples (each weighing
about 100gm) were obtained. The samples were soaked individually
overnight in calgon . Thereafter, they were carefully treated
ultrasonically for 20 minutes and then mechanically stirred for 30
minutes. The soaked samples were wet—sieved separately, using the
4.0 phi (0.063mm) sieve, applying the procedure of Folk (1968). The
mud fraction (silt and clay) thatvpassed through the sieve was
collected in a 1000ml graduated cylinder, whereas the sand fraction
that remained in the sieve was separated, dried and weighed.

The sand fraction, separated as mentioned above, was analysed by
dry sieving while the mud fraction was pipetted. The methods adopted
in this analysis were those of Folk (1968) and Carver (1971).

Folk (1968) recommended the use of % $ or % ¢ interval of sieving
and considered the one phi interval to be inadequate in providing

useful data. Swan et al. (1978), however, in their evaluation of the
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Folk and Ward graphic measures, established that obtaining data at
intervals less than whole phi is not justified if graphic statistical
parameters are to be used. This has been taken into consideration in
the present work and, for the dry sieving, a nest of clean stainless
screens with subdivisions -1 4, 0 ¢, 1 ¢, 2 4, 3 ¢ and 4 ¢ was built,
the coarsest—grid screen being on top. The dried and weighed sand
fractions were poured separately on to the top screen and shaken in
the Ro-Tap for about 15 minutes. Fach sieve was then emptied on to a
large sheet of paper and each fraction weighed.

Although tedious and time-consuming, the technique is straight—
forward, except for the following special procedure. Splitting into
sand and mud in the laboratory is never totally efficient. Some
material belonging to a finer-size class will always remain with the
coarser fraction and show up as a pan fraction after sieving. To
allow for this discrepancy, it became necessary to add the value of
the pan fraction to that of the mud before pipetting, as shown in
Figure 4.1. The calculated weight of the pan fraction was also
subtracted from the original weight of sand.

The mud fraction which passed through the 4 ¢ (0.063mm) sieve was
placed in a 1000ml graduated cylinder. Distilled water was added
until the volume was exactly 1000ml. After determining the
temperature, the appropriate withdrawal times were read from a table
calculated from Stokes's law (Folk, 1968). The silt fraction was
sampled in whole phi intervals. In each case, the pipette analysis
was terminated before the clay fraction was sampled because of the
length of time required for the fine particles to settle from the
suspension. Thus, the last sample was pipetted at exactly 5cm depth,
after about 4 hours and 6 minutes at temperature 20°C, and this sample

was used to determine the amount of clay in the cylinder.

Cumulative weight percentages were calculated for each pipette
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withdrawal and these results, together with those from the size
analyses of the sand fractions, were represented graphically by
probability-ordinate cumulative curves. The unsampled clay
distribution was interpolated as suggested by Folk (1968). This was
done by extending the cumulative curve in a straight line from the
last data point to 14 g at 99.99%.

Statistical parameters of Mz (graphic mean grain size), o
(inclusive graphic standard deviation), Sky (inclusive graphic
skewness) and Kg (inclusive graphic kurtosis) proposed by Folk & Ward
(1957) were then calculated from values intercepted at specific
percentiles (& 5%, & 16%, g 25%, o 50%, &g 75%, # 84%Z and ¢ 95%) on the
cumulative curves. A triangular diagram for the sand-silt-clay
composition (after Folk, 1968) was used to classify samples. Results

of this study are given in Chapters 5 and 10.

4.2.2.3 X-ray diffraction examination of clays

The analytical procedure is shown in Figure 4.2. The clay
mineral constituents of each of the till samples were identified using
the X-ray diffraction technique. Material coarser in grade than 2 pm
was removed from the samples so that the characteristics of the clay
minerals were better observed.

The samples were suspended in distilled water and treated
ultrasonically for 15 minutes. The sand fraction was separated from
the clay-silt fraction by wet sieving through a 0.063mm sieve. The
clay fraction (<2 upm) was separated from the silt fraction (2-63 um)
by the pipette method without using dispersing agents (see Fig. 4.1).

The <2 pm fraction separated from each sample by the pipette
method was used for the preparation of oriented aggregates on glass
slides, adopting the sedimentation technique described by Weaver

(1967). Sedimentation and drying took place at room temperature.



59

X-ray diffraction analysis of the clay fraction was carried out
using a PW 1012/20 Phillips diffractometer having a Ni-filtered Cu Ko
radiation at 40 KV, 20 MA potentials, a scanning<speed of 20 per
minute and chart speed of 2° 2 8 per inch. The X-ray investigation
was made by scanning the area 2 - 30°, 2 8. Three diffraction
patterns were obtained for each sample: 1) untreated, i.e., air-dried
slide without any treatment; 2) glycolated, i.e. saturated with
ethylene glycol; 3) heated to 450° for 45 minutes. After the X-ray
diffraction effects had been recorded at room temperature, the sample
was saturated with ethylene glycol vapour for 24 hours at 60°C and
then examined for new diffraction effects. After the second X-ray
examination, the sample was heated to 450°C for 45 minutes, air

quenched and X-rayed again.

4.2.2.4 Chemical analysis of the till matrix (<2mm)

The bulk of the major element and the entire trace element
compositions of the samples were determined by X-ray fluorescence
analysis. Wet chemical analysis was used to analyse the rest of the

major elements. Detailed descriptions of the X-ray fluorescence and

wet chemical methods are given below.

X-ray fluorescence analysis (XRF)

All the major and trace element determinations were carried out by
the University of Glasgow Geology Department's Phillips PW 1450/20

sequential automatic X-ray spectrometer.

1. Major elements analysis

X-ray fluorescence analysis was used to determine ten major
element oxides (Si0p, TiOp, Al,03, Fe total, MnO, Mg0O, Ca0, Nap0, K30

and PZOS)’ Major element analyses were performed on fused glass
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beads (Harvey et al. 1973). The beads were made by fusing 0.375gm of
100 mesh sample powder and 2.000gm of flux (lithium tetraborate).

All the major element measurements by XRF were made in duplicate
and averaged, using a peak-background measure to define the intensity
for each element when compared with.a ratio pellet. The absolute
concentrations were calculated by comparison with international (NBS)
and internal (Glasgow) calibration standards using a computing routine
devised by Dr C.M. Farrow. These standards are run with every batch

of samples, to act as a check on machine operatiomn.

2. Trace elements analysis

Trace elements compositions (Zr, Y, Sr, U, Th, Rb, Pb, Ga, Zn, Cu,
Ni, Co, Cr, Ba, Ce and La) were determined on pressed pellets (Leake
et al. 1969) comprising 6.0gm of 250 mesh sample powder and 1.0gm of

thermal binder (phenol formaldehyde).

Wet chemical analysis

The inadequacies of the XRF techniques necessitate the qualitative
determination of Fe0O, Hp0 and COy in rock samples by conventional
chemical analysis. Fe0 was determined by titration of standard
potassium dichromate solution with rock solution made by dissolving a
measured amount of rock powder in sulphuric and hydrofluoric acids.
The Fe0O percentage determined by titration is used to calculate the

amount of Fep03 present, using the following relationship:

Fep03 = Fe0 total (XRF value) - (1.112 x FeQ titration result)

The amounts of H0 and CO2 in the samples were determined by the

H90/CO9 apparatus, using the Penfield method of combustion, adsorption

and gravimetry.
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4.2.2.5 Thin sections (Petrography of the bedrocks)

For general information on the petrography of the bedrocks of the
NW Glasgow area, thin sections of bedrock specimens from that area
were prepared. As explained in Chapter 4.2.1, above, the bedrock
samples collected and, therefore, the thin sections made from them,
cannot be regarded as truly representative of the bedrocks in the area
studied, but they are considered adequate for the purpose of this

study. In all, thirty thin sections were examined.

4.2.2.6 Quantitative mineralogical composition of the bedrocks

XRD analysis of the bedrocks was based mainly on 'powder mounts'
the preparation of which requires fine—grained, homogenous material of
less than 200 mesh grain size (Klug & Alexander 1954; Brown, 1961).
All samples have to be crushed down to a minimum of 200 mesh before

being suitable for XRD. The sample powder was mounted in aluminium

holders measuring 0.2 x 1.0 x 2.0cm, as flat-surface powder cakes.
Approximately 0.5gm of each sample was needed. It was backloaded
with the 'face' against a clean, smooth glass slide.

The method employed here was along the lines suggested by Moore
(1968) and modified by Larsson (1970). Quantitative mineral data
were obtained by subjecting each sample to diffraction analysis from
49 to 45° 2 6 at a goniometer speed of 2° per minute., The peak
heights of the diagnostic reflections of each of the minerals present
were measured in mm above the background and then multiplied by the
appropriate mineral intensity percentage factor (Larsson 1970; see

also Table 4.3), and finally normalized to total 100% of the minerals

present.
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Sample

f

Ultrasonic disaggregation in distilled water suspension
/
Wet sieving through a 63 um sieve
Separation of clay fraction (<2 pm) by pipette method
Preparation of oriented samples of clay fraction
Air-dried at room temperature X-ray: "untreated sample"

Ethylene glycolated X-ray: "glycolated sample"

Heated to 450°C for 45 minutes: "heated sample"

Figure 4.2 Laboratory procedure for clay mineral
investigation.
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Table 4,1 Samples collected in NW Glasgow area.

Field Site name National Grid Munsell Color
number Reference
1 Broomhill Cross NS 548 671 5 YR 4/2
2 Broomhill Cross NS 548 671 5 YR 4/1
3 Broomhill Cross NS 548 671 10 YR 3.5/1
4 Broomhill Cross NS 548 671 5 YR 4/2
5 Broomhill Cross NS 548 671 10 YR 3.5/1
6 Broomhill Cross NS 548 671 10 YR 2.5/2
7 Jordanhill area NS 5410 6857 10 YR 2/1
8 Jordanhill College NS 5376 6830 5 YR 4/1
Jordanhill area NS 5395 6859 10 YR 5/1
10 Anniesland Cross NS 5471 6879 10 YR 4/1
11 Cleveden School NS 5602 6833 10 YR 3/1
12 Cleveden School NS 5602 6833 10 YR 4/2
13 Cleveden School NS 5599 6837 T.5YR 5/2
14 Cleveden School NS 5602 6833 10 YR 3/2
15 Cleveden School NS 5598 6833 10 YR 3/1
16 Cleveden School NS 5598 6833 5 YR 4/4
17 Cleveden School NS 5596 6835 TS5 YR  4/4
18 Elderslie Dock NS 517 681 5YR 5/2
19 Elderslie Dock NS 517 681 10 YR 4/1
20 Elderslie Dock NS 517 681 7.5YR 5/2
21 Elderslie Dock NS 517 681 5 YR :5/2
22 Elderslie Dock NS 517 681 10 YR 3/1
2% Queen Margaret NS 5673 6687 10 YR 2/2
Union
24 Queen Margaret NS 5673 6687 T.5YR 4/2
Union
25 Queen Margaret NS 5673 6687. 10.YR 2/2

TUnion



Table 4.1

Field
number

26
27
28

29
30
39
32

33
34
35

36
37
38
39
40

41

42

43

44

45
47

48
49
50

(continued)

Site name

Balmore Road

' Balmore Road

Balmore Road

Weymouth Drive
Weymouth Drive

Wilderness pit
Killermont golf
course

Dawsholm Park

Switchback Road

Canniesburn Hospi-
tal entrance

Veterinary College
Veterinary College
Veterinary College
Veterinary College
Veterinary College

Pendicle Road,
Bearsden

Lochend Drive,
Bearsden

Upper Westbourne
Drive, Bearsden

Garscadden Hill

Garscadden Mains
Garscadden Mains

Burnbrae Hotel
Burnbrae Hotel
Burnbrae Hotel
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National Grid

Reference

NS

NS
NS

NS

NS

NS

NS

NS

NS

NS

NS
NS
NS
NS
NS

NS

NS

NS

NS

NS
NS

NS
NS
NS

5881 6918
5881 6918
5878 6930

5576 6897
5582 6895
5992 7220
5601 7126

5508 6979
5478 7046
5473 7084

5509 6982
5509 6982
5509 6982
5509 6982
5514 6981

5387 T146

5411 7123

5328 7233

5334 7168

5364 7115
5364 7115

5529 T334
5535 7332
5530 7329

Munsell Color

10 YR
10 YR
Te5 YR

Te5 YR
5 IR
5 IR
5 YR

10 YR
5 YR

5 YR

5 IR
T.5 YR
5 YR
5 YR
5 YR

5 YR

5 1R

(2.5
( 51

5 YR
5 1R

5 YR
5 YR
10 YR

3/1
3/1
5/6

5/0
4/1
3/4
3/3

5/1
3/4
3/2

3/2
3/2
4/1
3/3
3/1

4/3
3/4

3/4

4/2
4/3

4/3
3/3

5/3
3/3
4/1

to



Table 4.1

Field
number

10-1

10=2

10-3

10~4
10-5
10-6
10-7
10-8

11-6
11-5
114
11-3
11=2

11-1

16
15
14
1-3
1=2
1~1

4=5
4=4
4-3
4-2
4-1

E

(
(

$
5
5
%

(continued)

Site name

Kelvinside
Kelvinside

Kelvinside

Kelvinside
Kelvinside
Kelvinside
Kelvinside

Kelvinside

Queen Margaret
Hall

Queen Margaret
Hall

Queen Margaret
Hall

Queen Margaret
Hall

Queen Margaret
Hall

Queen Margaret
Hall

Laighpark
Laighpark
Laighpark
Laighpark
Laighpark
Laighpark

Clober
Clober
Clober
Clober
Clober

3
%
)
)
)
3

BAN
[AY

National Grid
Reference

NS 5581 6807
NS 5581 6807

NS 5581 6807

NS 5581 6807
NS 5581 6807
NS 5581 6807
NS 5581 6807
NS 5581 6807

NS 5633 6817
NS 5633 6817
NS 5633 6817
NS 5633 6817
NS 5633 6817

NS 5633 6817

NS 5360 7615
NS 5360 7615
NS 5360 7615
NS 5360 7615
NS 5360 7615
KS 5360 7615

NS 5460 7590
NS 5460 7590
NS 5460 7590
NS 5460 7590
NS 5460 7490

Munsell Color

§7.SYR
10 YR

§7.5YR
10 YR

E?.5YR
10 YR

10 YR
10 YR
10 YR

5 YR
5 IR
5 IR
5 1R
5 YR

3/2
3/2

3/2
3/2

3/2
3/2

3/1
3/1
3/1
3/1
3/1

3/2
7

3/2
3/2

3/2
3/2

3/2
3/2

3/2
3/2

3/1

3/4
3/4
3/4
4/4
4/4
4/4

3/4
3/4
4/4
4/4
4/4

to

to

to

to

to

to

to

to
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Table 4.2 Samples collected in Northern Ayrshire. At each Location
the samples are shown in order, with the uppermost at the
top and the lowermost at the bottom of the list.

Site and
Location

Greenock Mains,
.Location 2

Greenock Mains,
Location 2

Greenock Mains,
Location 6

Merkland Burn,
Location 8

Merkland Burn,
Location 8

Merkland Burn,
Location 8

Type of

sediment

Upper +till

Lower "shelly

Ctilav

Lower shelly
til11

Upper red %ill

Shelly till

Lower red till

Sample
number

2 -10
2 -9
2 -8
-1
-6
-5
-4

N NN

National Grid
Reference

NS 6369 2780

NS 6363 2779

NS 6331 2768

NS 5908 2716

NS 5908 2716

NS 5908 2716



Table 4.2 (continued)

Site and
Location

Sorn Mains,
Location 5-1

Sorn Mains,
Location 5=2

Sorn Mains,
Location 5-3

Sorn Mains,
Location 5=3%

Sourlie,
Location 3

Sourlie,
Location 3

Sourlie,
Location 13

Sourlie,
Location 13

Type of

sediment

Shelly till

Shelly till

(upper) grey till
(lower) red till

Upper grey till

Lower grey till

Upper grey till

Shelly till

68

Sample
number

511
512
5-1-3
514
5=1=5
516

5-2-5
524
523
5=2=2

5=2=1

5-3-2

© 5-3-1

3-5
34
33
3.2
3 -1

3-8
3 -7
3 -6

13 - 6
13 -5
13 - 4

13 =3
13 = 2
13 = 1

National Grid
Reference

NS 5369 2802

NS 5371 2793

NS 5385 2815

NS 5385 2815

NS 3364 4148

NS 3372 4147

NS 3361 4147

NS 3361 4147



Table 4.2 (continued)

Site and
Location

Tayburn,
Location 5B

Tayburn,
Location 5B

Tayburn,
Location 7B

Tayburn,
Location. 7B

Afton Lodge

Type of

sediment

(upper) grey till

(lower) red till

(upper) grey till

(lower) red till

marine clay

69

Sample
numbexr

5B - 8
58 - 7
5B - 6
58 - 5

5B - 4
5B =3

7B - 1

12 = 1%
12 - 2%
12 - 3%

National Grid
Reference

NS 5107 4345

NS 5107 4345

NS 5095 4333

NS 5095 4333

NS 4157 2587

# samples not collected in vertical sequence at Afton Lodge
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Table 4.3 Relative mineral intensity percentage factors of minerals
in the X-ray diffraction diagrams (after Larsson 1970).

Mineral Measured peak (8) Mineral intensity
percentage factor
Mica-~illite 10,00 1.21
Hornblende (Amph.) 8,34 0.59
Chlorite 7.06 0,70
Quartz 4,24 1.1
K-feldspar 34,24 0.53
Plagioclase 3419 0.79
Caleite 3403 ) 0.64
Dolomite 2.89 0.42

Hematite 2,70 0,52




71

. t}:l : -
~ TILLS OF THE NW GLASGOW AREA




72

CHAPTER 5

GRAIN-SIZE ANALYSIS OF TILLS OF THE NW GLASGOW AREA

5.1 Introduction

For many years, grain-size analyses have been used by geologists
in attempts to characterise‘the depositional enviromments of clastic
sediments, although, in contrast, data that suggest that grain size
parameters are not environmentally sensitive have also been
presented (Shepard & Young 1961; Schlee et al. 1964; Gees 1965;

Sevon 1966; Swan et al. 1978).

5.1.1 Brief history of grain-size analysis of tills

One of the earliest attempts to define grain-size distribution
in till was that of Crosby (1892), who analysed sixteen till samples
from twelve drumlins of the Boston area, U.S.A., by sieving and
decantation methods, in order to compare the volumes of various till
fractions with the volumes of the resulting outwash bodies. Later,
Udden (1914), on the basis of eight till samples from Illinois and
Iowa, concluded that size distribution is the result of crushing
rather than sorting. In 1933, Krumbein reported data for nearly 50
samples in NE Illinois and concluded that cumulative curves for
tills frequently are polymodal because of incorporation of
previously-sorted sediments. He noted grain—-size homogeneity in
various till sheets and attempted some stratigraphical
interpretation ana correlation. Kruger (1937) analysed 50 till
samples from Minnesota. He believed that the tills were generally
heterogeneous and that uniformity in grain size and composition in

an exposure was an anomaly. Deane (1950) reported on more than 100
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analyses as an aid to till classification in the Lake Simcoe area of
Ontario. He concluded that the composition of tills varies
remarkably over short distances so that mechanical analysis alone
cannot be relied upon to distinguish the age relationships of tills.
Within the following few years, the idea that individual till
sheets are in fact often homogeneous over large areas (Krumbein
1933) became firmly established. Shepps (1953) included size
analysis in his documentation of the properties of various tills,
and he began to apply statistics to the results. Legget (1942) had
advocated the use of triangular plots of sand-silt-clay percentages
as a saving in time over the drawing of cumulative curves. In
1958, Shepps suggested the plotting of sand and clay percentages on
a rectangular graph instead of on a triangular plot, and he devised
the 'size factor' as a substitute for median diameter. Dreimanis &
Reavely (1953) concluded that grain size was one important parameter
for distinguishing between two widespread till sheets near Lake Erie.
The size frequency distribution is a fundamental physical
property of a clastic sediment. It provides some indication of the
kinetic¢ energy conditions within the environment of deposition.
Statistical parameters from size analyses have been used to
distinguish between different environments by several authors (Folk
& Ward 1957; Passega 1957; Friedman 1961 and 1967; Sahu 1964).  For
the mest part, these works have dealt with sandy deposits of aqueous
origin. Little has been done with diamictons of glacial origin.
The size range most often analysed is the till matrix (Karrow
1976). For practical reasons, analysis normally does not include
gEavEL éi2é§ since the sample size needed for proper statistical
representation of the gravel fraction is too unwieldy.
The physical properties of tills, and particularly grain-size

analyses of the till matrix (< 2mm fraction), have been used
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extensively for identifying and correlating till units during recent

years (e.g. Kempton 1963; Johnson 1964; Kempton & Hackett 1968a and
1968b; Schliichter 1977; Vorren 1977; Butler 1983; Ehlers 1983;

Haldorsen 1983).

5.1.2 Purposes of grain-size analysis of tills of the NW
Glasgow area

In the present research project, grain-size analysis of the matrix
of till samples from the NW Glasgow area and Northern Ayrshire was
carried out as standard practice because such analysis provides
quantitative data concerning the sampled tills and thus contributes to
the body of knowledge regarding the properties of these tills. Also,
as seen below, grain—size analysis, and the properties of the analysed
sediments that it reveals, allows reliable distinctions to be made
between two or more samples that appear similar in the field.
Furthermore, comparison of the grain-size distribution of till
deposits is of great importance because grain-size variations may
indicate either differences in the source areas of the tills concerned
or differences produced by weathering.

As noted above, for the purposes of comparison with other tills,
it is most useful to consider the grain-size parameters of the matrix
of a till. Grain-size analyses of the matrices of samples of the
Red, Weathered Grey and Grey tills of the NW Glasgow area therefore

were made. The purposes of these investigations were to:

1) Obtain an overall view of the grain-size distribution of the
matrices of the three different categories of till - Red,
Weathered Grey and Grey.

2) Evaluate the relationship between grain-size distribution and

petrography in both the Red and Grey categories of till.
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3) Record the grain-size parameters of the three categories of
till.

4) Evaluate the degree to which the grain-size parameters can be
utilised in differentiating distinct categories of till.

5) Consider the relationships between the various grain-size
parameters of the tills.

6) Determine reliable criteria for the division of the tills
of the NW Glasgow area intc units with distinctive

characteristics.

The results of grain-size analysis of samples of the tills of the
NW Glasgow area are given below, using a number of standard methods of
presentation. The most commonly used method of displaying the
results of grain-size analysis is by giving a plot of cumulative
weight percentage against graim size, the latter being expressed on a
logarithmic scale. Krumbein (1238) suggested that for this purpose
grain size is best expressed im phi umits. 1Imn the results presented
below (Chapter 5.2), the phi-grade scale of Krumbein (1934} is used;
The grain-size class nomenclature and grain—size parameters (mean
size, inclusive graphic standard deviatiom, imclusive graphic skewness

and inclusive graphic kurtosis) that are calculated are those defined

by Folk & Ward (1957).
5.2 Results of grain-size amalysis

5.2.1 Grain-size cumulative curves
The results of the mechamical analyses of the samples are shown in
Table 5.1. The data are arramged as percentages by weight in the

various grades. The data may be more readily visualised im graphic

form. The cumulative curve for each sample is first drawn
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separately. Then the curves representing each category of till are
summed on the same paper to facilitate comparison (Figs. 5.1 to

5.3). It should be noted that the curves as a whole move across the
chart fairly smoothly, and constitute a broad band in which most of
the curves are approximately parallel. There are, however, several
exceptions.

From the cumulative curves, it is clear that the till matrices
have extremely irregular size distributions, and the presence of
several secondary maxima in the curves render them polymodal in
aspect. Such polymodal curves for size distribution in till matrices

may be due to a mixture of constituents from several sources.

5.2.2 Grain-size distribution; sand-silt-clay composition

In this section, the sand-silt-clay composition of the Red, Grey
and Weathered Grey tills is examined, using a number of tabular and
graphical methods of representation.

Based on material less than 2mm in diameter, the average Red till
has 59.38% sand (2.00 - 0.063mm), 34.24% silt (0.063 - 0.002mm) and
6.81% clay (< 0.002mm) (Table 5.2). Corresponding values for average
Weathered Grey till are 53.31% sand, 41.11% silt and 5.68% clay and
corresponding values for Grey till are 41.50% sand, 47.26% silt and
11.24% clay.

The average values of the sand, silt and clay fractions of the
different categories of till are significantly different. The Grey
till samples are characterised by higher clay and silt contents and a
lower sand content than both the Red till and the Weathered Grey
till. . This fact is seen clearly in the histograms presented as

Figure 5.4.

The average values shown in Table 5.2 and Figure 5.4 for the sand,

silt and clay fractions of the three categories of till in the NW
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Glasgow area were derived from the detailed data recorded in Table

5.3. When these data are plotted on a sand-silt-clay triangular
diagram (after Picard 1971) in Figure 5.5b, the following observations

may be made:

1) The matrices of the analysed Red till samples are dominantly
silty sand.

2) The matrices of the samples of the Weathered Grey till vary
from silty sand to sandy mud.

3) The matrices of the Grey till samples are mainly silty mud

and sandy silt, with some sandy mud.

The triangular diagram also illustrates well the fact that both
the Red till and the Weathered Grey till samples have more coarse—

sized and fewer fine-sized grains than the Grey till samples (a point

discussed above as a result of study of data presented in Table 5.2
and Fig. 5.4). This same fact is seen very clearly also in histogram
form in Figure 5.6. One possible explanation of this grain size
distribution is that the finer sizes of grain were not produced in
both the Red and the Weathered Grey till during ice transportation or,
if they were, they were washed away before and during sedimentation.
The lower values of the clay and silt content in the Weathered Grey
till than those in the Grey till support the idea that finer-grained
material may have been washed out of the Weathered Grey till since the
time of its deposition.

When the grain size distributions of the samples of the Grey till
and the Red till matrices are compared in yet another way, that of
Figure 5.7, it is clear that the Grey till is markedly finer-grained
than the Red till. Flint (1957) stated that boulder clay containing

mostly fine-grained material can indicate an underlying bedrock
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composition of minerals that are easily eroded by glacial ice. An
initially fine-grained bedrock would yield a mainly fine-grained
boulder clay over a short distance of transport by ice. On this
basis, it is arguable that the distinctly higher contents of silt and
clay in the Grey till relative to the Red till indicate that the Grey
till-has been derived mainly from the local fine—grained Carboniferous
rocks, whilst the Red till has been derived mainly from the 0ld Red
Sandstone bedrock, which‘is rich in sand-sized sediments. Previous
studies of the pebble lithology of Glasgow tills by Menzies (1981)

support this suggestion.

5.2.3 Variation of grain-size parameters

A qualitative comparison of cumulative curves may serve to bring
out general relations, but it is desirable to have some means of
comparing the samples on a more quantitative basis. Such a device is
available in the statistical treatment of the data, which furnishes a
series of values for each sample.

Inman (1952) suggested the measurement of mean size, standard

deviation, skewness and kurtosis, parameters based on the 16th, 50th
and 84th percentiles, using phi units. These were extended by Folk &
Ward (1957) to detect bimodality, especially in the tails of the
distribution, by addition of the 5th, 25th, 75th and 95th

percentiles. These phi percentiles and the four grain-size
parameters determined for the analysed samples are given in detail in
Tables 5.3 and 5.4. The distribution of the grain-size parameters of
fhe NW Glasgow tills is shown in Figures 5.8 to 5.11. In Table 5.5,

the ranges, mean values and standard deviations for the grain-size

parameters are given.
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5.2.3.1 Mean size (Mz)

The standard graphic measure for determining overall size is the

graphic mean, given by the formula:

2 = (dl6 + ¢50 + ¢84)

3 (Folk & Ward 1957).

M

The Wentworth (1922) size scale is converted into phi units and is

used in interpreting the results of the graphic mean diameter as

follows:
Mz -1 - 0 = very coarse sand 0 - 1 = coarse sand
1 - 2 = medium sand 2 - 3 = fine sand
3 - 4 = very fine sand 4 - 5 = coarse silt
5 - 6 = medium silt 6 — 7 = fine silt
7 - 8 = very fine silt >8 = clay

The graphic mean covers all fhe possible sizes from clay to the
very coarse sand sizes. The average mean sizes, Mz, are 3.96 phi
(equivalent to 0.064mm), 4.16 phi (equivalent to 0.056mm) and 4.85 phi
(equivalent to 0.035mm) for Red till, Weathered Grey till and Grey
till respectively. The average mean size clearly separates the Red
till from the Grey till deposits. Mz values for the Grey till are
4.,22<Mz<5.22 and for the Weathered Grey till 3.90<Mz<4.68, whilst
those for the Red till are 3.56<Mz<4.48. It is clear that the Mz
values are variable, ranging from very fine sand to coarse silt for
both the Red till and the Weathered Grey till, whereas Mz values for
the Gréy till range between coarse and medium silt (Fig. 5.8). The
average Mz value seems to be a diagnostic parameter for distinguishing

between the Grey till on the one hand and the Red till and Weathered

Grey till on the other.
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In general, the overall average mean size of the Weathered Grey
till is coarser than that of the Grey till. As suggested already,
this probably reflects washing away of the fines from the Weathered

Grey till during and after sedimentation of the Grey till.

5.2.3.2 Inclusive graphic standard deviation (o 1)

This measure of sorting is given by the formula:

o1 = (#84 — p16) 4 (¢95 = ¢5)
4 6.6

The formula includes 90% of the distribution and is the best
overall measure of sorting. Folk (1968) suggested the following

verbal classification scale for sorting:

o1 < 0.35 ¢ = very well sorted
0.35 - 0.50 ¢ = well sorted
0.50 - 0.71 ¢ = moderately well sorted
0.71 - 1.00 g = méderately sorted

1.00 - 2.00 ¢ = poorly sorted

2.00 - 4.00 ¢ = very poorly sorted

>4.00 ¢ = extremely poorly sorted

In the present study, the samples analysed exhibit comparatively
poor sorting. All the three till categories are very poorly sorted
(240~ 1 <4). The mean o y values are 2.51 ¢, 2.60 ¢ and 2.64 ¢ for
Red till, Weathered Grey till and Grey till respectively. o 1 values
for the Red till are 2.13 <o~ < 2.8 and for the Weathered Grey till
2.39 <o 1 < 2.71, whilst those for the Grey till are 2.48 <o 1 <
2.85. The o 1 values of the Red till samples are more widely

scattered than those of the Weathered Grey till and Grey till (Fig.

5.9). The o 7 value does not seem to be a diagnostic parameter for
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distinguishing between the various categories of till.

5.2.3.3 Inclusive graphic skewness (Sky)

To measure the asymmetry of the grain-size distribution of a
sediment, Inman (1952) suggested two measures of skewness which Folk &
Ward (1957) combined to obtain the inclusive graphic skewness:

Skt = (816 + ¢84 — 2¢50) (g5 + ¢95 — 2¢50)
2(¢84 — ¢16) 2(g95 - ¢5)

This is the best skewness measure to use because it determines the
skewness of the 'tails' of the cumulative curve, not just the central
portion. Symmetrical curves have Sky = 0.0; those with excess fine
material have positive skewness values and those with excess coarse
material have negative values. The more the skewness value departs
from 0.0, the greater the degree of asymmetry. The following verbal

limits of skewness are suggested by Folk (1968):

Skt +1.0 to +0.3 ¢  strongly fine skewed
+0.3 to +0.1 ¢  fine skewed
+0.1 to -0.1 § near symmetrical
~-0.1 to 0.3 ¢  coarse skewed

-0.3 to -1.0 ¢ strongly coarse skewed

For the samples analysed in the present project, skewness covers
the range from the strongly coarse to the fine skewed values.
Skewness values of the Red till indicate that all samples have a
strong tendency to negative skewness (-0.52<8k1<-0.1); the Sk values
are widely scattered, coarse skewed to strongly coarse skewed (Fig.
5.10). Skewness values of the Weathered Grey till samples are also
widely scattered (—O.28<SkI<+0.13), ranging from fine skewed through

near symmetrical to coarse skewed. Skt values of the Grey till have
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a strong tendency to positive skewness (-0.07<Sk1<+0.34), most of the
Grey till samples having a fine skewed to near symmetrical
distribution.

The distribution of skewness in the Red till and the Grey till is
significant. The change from negative skewness in Red till samples
to (mainly) positive skewness in Grey till samples (Fig. 5.10)
indicates that the Sky value is a valuable diagnostic parameter for

distinguishing between the Red and Grey tills.

5.2.3.4 Inclusive graphic kurtosis (Kg)

Folk & Ward (1957) proposed the graphic kurtosis parameter

Kg = __ (495 - ¢5)
2.44(g75 - $25)

as a means of measuring the ratio between the sorting in the extremes
of the grain-size distribution curve and the sorting in the central
portion of the curve. If the central portion is better sorted than
the tails, the curve is said to be excessively peaked or leptokurtic;
if the tails are better sorted than the central portion, the curve is
flat peaked or platykurtic. In describing the values of kurtosis the

following limits are suggested by Folk (1968):

Kg <0.67 ¢ = very platykurtic
0.67 ¢ to 0.90 ¢ = platykurtic
0.90 ¢ to 1.11 ¢ = mesokurtic
1.11 ¢ to 1.50 ¢ = leptokurtic
1.50 ¢ to 3.00 ¢ = very leptokurtic

>3.00 g = extremely leptokurtic
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All the Grey till (0.66<KG<0.81) and Weathered Grey till

(0.66<K;<0.83) samples are platykurtic, with Kg values <0.9.  The K;
values of the Red till (0.67<Ky<1.27) samples are very widely
scattered, ranging from platykurtic to leptokurtic (Fig. 5.11).
Generally, the Kg values appear to give a good impression of till
matrix grain-size distribution. However, K; does not appear to be a

valuable diagnostic parameter.

5.2.4 Relationships between the grain-size parameters

Scatter diagrams have been constructed for all six mutual
relationships between the four parameters - mean size, sorting,
skewness and kurtosis. Some of the diagrams suggest a linear
correlation. To test the validity of this suggestion, a regression

analysis was performed.

5.2.4.1 Plot of mean size versus sorting (Fig. 5.12a)

A weak linear correlation is indicated between Mz and o 7. The
regression line is given by o1 = 2.19 + 0.09 Mz. The correlation
coefficient is r = 0.30. Generally, this relationship shows that the

larger the mean size (in mm), the better the degree of sorting.

5.2.4.2 Plot of mean size versus skewness (Fig. 5.12b)

A linear correlation between Mz and Sky is indicated by the
scatter diagram. The regression line is given by Sky = -1.80 +
0.40 Mz. The correlation coefficient is r = 0.87.  Generally, this
relationship indicates that the finer the size, the more positively
skewed is the till; i.e. relatively coarse till matrices have a
negative skewness. This relationship is considered to be an

effective discriminator between the Grey till and the Red till.
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5.2.4.3 Plot of mean size versus kurtosis (Fig. 5.12¢)

A linear correlation between Mz and Kg is indicated by the scatter
diagram. The regression line is given by Kg = 1.42 - 0.14 Mz. The
correlatign coefficient is r = -0.57. Generally, this relationship
indicates that the smaller the mean size (in mm), the more platykurtic

is the till.

5.2.4.4 Plot of sorting versus skewness (Fig. 5.13a)

A linear correlation between o1 and Sk for the three categories
of till is indicated by the scatter diagram. The regression line is
given by Sky = -1.55 + 0.57 o 1. The correlation coefficient is r =
0.37. Accordingly, this correlation indicates that poorly sorted

tills have a positive skewness (excess of fine material) and vice

versa.

5.2.4.5 Plot of sorting versus kurtosis (Fig. 5.13b)

A linear correlation between 0" 1 and K; is indicated by the
scatter diagram. The regression line is given by Kg = 1.83 -
0.40 oo 1. The correlation coefficient is r = -0.48. The
relationship indicates higher K; values (more leptokurtic curves) with
better sorting. In geological terms, Vorren (1977) explained this by
suggesting that the better sorted tills may contain re-worked sand
material. This also gives a leptokurtic grain—-size distribution.
In this connection, the concentration of the Grey till plots in the
lower right area of the diagram (Fig. 5.13b) should also be noted.

This is due to relatively low Kg values and high o 1 values. This

may be of additiomal help in distinguishing Grey till from Red till.

5.2.4.6 Plot of skewness versus kurtosis (Fig. 5.13c)

A linear correlation between Sky and K; is indicated by the



scatter diagram. The regression line is given by K; = 0.78 -

0.29 Sky.  The correlation coefficient is r = -0.54. Accordingly,
this correlation indicates that relatively higher K; values correspond
with negative skewness. Also, the diagram (Fig. 5.13c) shows the
concentration of Red till samples in the left part of the diagram.
This is due to the high K; values and negative skewness of the Red
till samples. This may be of additional help in distinguishing Grey

till from Red till.

5.2.5 Vertical profiles

With a view to ascertaining whether the Red and Grey tills are
uniform in a vertical sense, several samples were collected
systematically above each other inm four till profiles. Two of the
profiles were in Red till, and the other two in Grey till (with

Weathered Grey upper parts). The results of the grain-size analysis
and the values of the grain-size parameters (Folk & Ward 1957) are
shown in Tables 5.1 and 5.3. The sequence of samples, the grain-size

distribution of sand-silt-clay and the grain-size parameters are shown

in Figures 5.14 to 5.17.

5.2.5.1 Grey till profiles

The two Grey till profiles that were studied were Queen Margaret

Hall - Winton Drive (NS 5633 6817) and Kelvinside - Great Western Road

(NS 5581 6807).

In both vertical sections, Grey and Weathered Grey till were

exposed. The matrix colour could be used as a distinguishing

feature. The lower part of the Grey till profiles was a uniform very

dark grey colour, 10YR 3/1. Till samples taken from nearer the

surface were slightly more variable in colour. Most were dark brown

(7.5YR 3/2) to dark greyish brown (10YR 3/2). This variation in
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colour may reflect different degrees of weathering in the Grey till,
because some of the higher samples of the Grey till in the two
profiles were dark brown (7.5YR 3/2). However, it could also result

from local variations in the original colour of the till.

Cumulative curves

Figures 5.18 and 5.19 show the particle-size distribution of the
till matrix (<2 mm) at various depths through the two Grey till
profiles. At the Queen Margaret Hall site, the cumulative curves
indicate a progressive upward depletion in silt and clay fractions,
with a corresponding increase in the sand fraction. This change does
not appear suddenly at one level in the profile, but is gradual and
probably suggests that the finer material was in part washed out due
to factors such as drainage conditions since the time of deposition.
At the Kelvinside site (Fig. 5. 15) there are large differences
between the particle-~size distributions of the samples. In
particular, the samples from between 225 and 325cm depth are more
silty and clayey and less sandy than those above these levels. This
is not likely to have resulted from weathering, and probably -indicates

that the till at this site was originally less uniform in composition

- than at Queen Margaret Hall.

Sand-silt—clay composition

Figures 5.14 and 5.15 show that, generally, the percentage of sand
decreases downwards through the two profiles. The decrease at Queen
Margaret Hall is sharp, the sand percentages changing from 40% in the
uppermost sample to about 25% in the lowermost sample at 175cm
depth. Tn contrast, the decrease in sand percentage at the

Kelvinside profile is gradual, changing from about 40% in the

uppermost samples to about 30% in the lowermost samples at 375-425cm
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depth.

Grain-size parameters

The mean size (Mz) changes from coarse silt in the top part of the
Queen Margaret Hall profile (Weathered Grey till samples) to medium
and fine silt in the lower part of the profile. Overall, the mean
size changes from coarse silt in the top part of the Kelvinside
profile to medium silt in the lower part of the profile, but shows
some fluctuation through the profile. Generally, the mean size shows
coarsening upwards through the two profiles.

The inclusive graphic standard deviation (o~ 1) decreases downwards
through the Queen Margaret Hall profile (Fig. 5.14), whereas in the
Kelvinside profile the o 1 value shows very obvious oscillation
between high and low values (Fig. 5.15). Although all the samples in
both profiles are very poorly sorted, the sorting shows a slight
improvement downwards in the Queen Margaret Hall profile.

The inclusive graphic skewness (SKy) value for the Queen Margaret
Hall site shows obvious variation between fine skewed and near
symmetrical skewed in the upper part of the profile and fine skewed
and strongly fine skewed in the lower part of the profile (Fig.

5.14). The Sky value for the Kelvinside site ranges from near

symmetrical in the uppermost part of the profile to fine skewed in the

lower part of the profile.

The kurtosis (Kg) value generally increases downwards through the

two profiles (Figs. 5.14 and 5.15), although all samples are

platykurtic.

5.2.5.2 Red till profiles
The two Red till profiles that were studied were Laighpark (NS

5360 7615) and Clober (NS 5460 7590). In both profiles the tills



88

were fairly uniform in colour; reddish brown (5YR 4/4).  However,
the uppermost part of the two profiles was dark reddish brown (5YR
3/4), possibly because of a slight oxidative weathering of the

uppermost part of the Red till.

Cumulative curves

Cumulative curves for samples collected at various depths in the
Laighpark and Clober till profiles are shown in Figures 5.20 and 5.21
respectively. In both profiles, the distribution curves indicate a
progressive downward depletion in sand, with a corresponding increase
in the silt and clay fractions. The changes are gradual and probably

resulted from washing down of the fine material through the Red till.

Sand-silt-clay composition

Figures 5.16 and 5.17 show that the silt plus clay content is low
in the uppermost parts of the two Red till profiles, and tends to
increase gradually downwards from about 30% in the uppermost samples
of the Laighpark profile to about 50% in the lowermost samples at
225cm depth, whereas in the Clober profile the silt plus clay content

increases from about 40% in the uppermost sample to about 607 in the

lowermost sample at 250cm depth.

Grain—size parameters

The mean size (Mz) shows coarsening upwards through the Laighpark
profile, changing from coarse silt (4¢ - 5¢) in the lower part of the
profile to very fine sand in the uppermost part (Fig. 5.16). At
Clobe; the mean size does not change noticeably in a vertical sense at
depths of less than 200cm. However, the mean size decreases below
this depth, changing from very fine sand (3¢ - 4¢) at 200cm depth to

coarse silt (4¢g — 5¢) at 250cm depth (Fig. 5.17).
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Although in both profiles all the samples are very poorly sorted,
the sorting value (G‘I) shows a slight improvement upwards in the
Laighpark profile (Fig. 5.16). In contrast, in the Clober profile,
the sorting value increases upwards (Fig. 5.17), indicating a
worsening in sorting.

The value of the inclusive graphic skewness (Sky) generally
decreases downwards at Laighpark, changing from strongly coarse skewed
in the uppermost sample to coarse skewed and near symmetrical in the
rest of the samples downwards (Fig. 5.16). At Clober, all the
samples are coarse skewed, and the Sky value <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>