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Abstract

Abstract

Recently recognised temporal changes in the configuration of former mid-latitude ice sheets
during their long history has introduced doubt over the validity of traditional steady-state
equilibrium models delineating Late Devensian glacial and deglacial events in south-west
Scotland. This has prompted a reappraisal of the palaeo-ice sheet dynamics and mode of
deglaciation in this region. In a wider context, the role played by the Southern Uplands ice
sheet in Irish Sea glaciation is considered. Primary emphasis has been placed on addressing the
sedimentological and glaciological effects of isostatic submergence, and the character of retreat
of the ice sheet onto a part of the Scottish mainland which has remained substantially

unconsidered.

A strategy for applying Landsat imagery to reconstruct flow geometries has been adopted
which has allowed the palaeoglaciological structure of the south-west sector of the Scottish ice
sheet to be reconstructed by reference to subglacial bedform alignment and cross-cut and
overprinted bedform patterns. Ten major transient ice-flow stages have been identified during
the last (Late Devensian) glaciation which demonstrate the style of ice stream development and
reflect the time-dependent, dynamic evolution of the ice sheet. These findings provide a
significant contrast to previous reconstructions. Zones of extensive pre-lineation deformation
are thought to reflect former areas of sustained ice streaming which should be incorporated into
future reconstructions of ice sheet elevation and internal flow kinetics, currently based on rigid-

bed analogues.

During deglaciation, the major valleys of south-west Scotland maintained topographically
constrained ice, which underwent a single major readvance during late-stage retreat (Southern
Upland readvance). Within the Loch Ryan Basin this readvance was synchronous with
reactivated ice flow of Highland origin (Highland readvance) which advanced beyond a
previously inferred limit. A subsequent palaeosurge event (Loch Ryan palaeosurge), following
the Highland readvance, is strongly suggested by macrofabric data within a far-travelled

glacitectonite and the landform assemblage within the Loch Ryan Basin.

Available field evidence casts doubt on whether the ice margin retreat onto the south-west
Scotland mainland was under marine-influence. A minimum deglacial age of 6 075 £ 55 years
B.P. implies a relative sea-level height of at Ieast 6 m above the present level during the Mid
Holocene. This implies that the recession style..of Eyles and McCabe (1989a), invoking an ice-

.r\

contact glacimarine setting, cannot be verlfled
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CHAPTER ONE

Introduction

1.1: Prelude

In northern Europe, the recurrence of glacigenic sediments in the geological record stands as
testimony to extreme climatic conditions throughout much of the last two million years, during
which has evolved the complex landscape that we witness today. Major deterioration in climate
is also represented in strata from the Early Proterozoic, Early and Late Palaeozoic and
Cenozoic, with less profound cold periods associated with other geological intervals (Frakes,
1979; Frakes et al., 1992). However despite this, it is the widespread extent of glacigenic
evidence (morphological and sedimentological) relating to the Quaternary which has prompted

the greatest interest in glacial geomorphological research.

In the British Isles, though, there is still at present a limited consensus on the timing and pattern
of environmental change which resulted in the onset of glaciation (Ballantyne and Harris,
1994). Only the most extensive Anglian (480 ka-428 ka B.P. (Rose, 1989; Ehlers et al., 1991))
and the most recent Devensian (122 ka-10 ka B.P. (Rose, 1989; Ehlers et al., 1991)) glaciations
are suitably established in terms of type sections or extent, with knowledge of the latter rather
more detailed than for its predecessors (Ballantyne and Harris, 1994; Figure 1.1). The
Devensian stage can be formally split into three substages, the youngest being the Late
Devensian substage which independently has been subdivided on the basis of
climatostratigraphic criteria into three chronozones: the Dimlington Stadial (c. 26-13 ka B.P.),
the Windermere Interstadial (c. 13-11 ka B.P.) and the Loch Lomond Stadial (c. 11-10 ka B.P.)
(Rose, 1985, 1989). It is during the cold period defining the Dimlington Stadial that the growth
of the last British ice sheet was initiated, followed by its subsequent decay during abrupt
thermal amelioration (Bard et al., 1987). At its maximum, the extent of the ice sheet was such
that it covered approximately two-thirds of the present land area of the British Isles (Figure
1.1), with major ice dispersal centres in Scotland located in the mountain massifs of the
Northern and West Grampian Highlands and the Southern Uplands of south-west Scotland (e.g.
Jolly, 1868; Geikie, 1901).

Quaternary research in south-west Scotland has never attracted the volume or detail of work
that has been entertained in other regions of Scotland. Indeed, on a number of occasions the
author has heard reference made to south-west Scotland as one of the ‘black-holes’ in Scottish
glacial geology. This is despite the strikingly distinctive and characteristic nature of the

landscape which is owed largely to the widespread processes connected with Late Devensian
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glaciation. Reflection upon the evident fresh stamp of glaciation, in particular on the Galloway
region, has even prompted Eckford (1957) to humorously suggest that the area be designated as
a Glacial Park. Despite the scarcity of work conducted in south-west Scotland there does exist a
long history of Quaternary research, detailed in Section 1.4, which has in the last century
attracted eminent authorities such as James and Archibald Geikie (A. Geikie, 1901; J. Geikie,
1905), and J. Kaye Charlesworth (1926a, b). Certainly, a number of localised detailed studies
prompted for a time a reawakening of interest in glacial events in the region (e.g. Jardine, 1975,
1980; Cutler, 1979, Kerr, 1982a), however there has been no regional synthesis’k which would

place south-west Scotland in the context of Quaternary events in Northern Britain.

In agreement with the sentiments of Kerr (1982b), the area has in the past been largely
considered as an ‘appendage’ to the research of other regions such as Cumbria in north-west
England or Ulster in north-east Ireland. This is unfortunate as the area provides a key position
in relation to Late Devensian glaciation in the Scottish Highlands, north-west England, north-
east Ireland, north Wales and the Isle of Man. Examination by Kerr (1982a) of relevant work
from these areas bordering the Irish Sea Basin reveals a considerable difference in
interpretation of glacial events in the Mid to Late Devensian. Thus it is increasingly apparent
that the central location of south-west Scotland, and the establishment of a glacial chronology,
is of fundamental importance in the context of correlating these somewhat disparate adjacent

areas.

A further pertinent research interest in this area relates to the reconciliation of the controversial
status of readvances, that purportedly interrupted overall retreat of the Late Devensian ice
sheet. In particular, persistent reference occurs in the literature to a ‘Scottish Readvance’ (e.g.
Trotter, 1929; Huddart, 1970, 1971a, b, 1991, 1994; Figure 1.1), whose presence in the
chronology of glacial events in south-west Scotland appears based on evidence which is
perhaps suggestive, but under no circumstances unequivocal. Certainly, far more reliable
evidence does exist beyond this region, such as in Cumbria (Trotter, 1924, 1929), suggesting a
main glaciation followed by one or more readvances, and perhaps more so on the Isle of Man
(Charlesworth, 1939) and in north-east Ireland (Charlesworth, 1939). Yet with regard to this
model suspicions are understandably raised in what may be perceived as an ambitious desire to
correlate events on the eastern seaboard of the Irish Sea with the reported ‘Drumlin Readvance’
in north-east Ireland (Synge, 1968, 1969; Figure 1.1). This scheme is perhaps naturally justified

if emphasis is placed upon the distinctive, and somewhat comparative topography.

* This is with the exception of a review by Sissons (1974) which is largely concerned with northern and
eastern Scotland.
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Nevertheless, response to this interpretation is the continuous reiteration that south-west
Scotland, at present, has no equivalent in its chronology despite similarities in mode and form

of glacial deposition, and therefore does not accommodate a readvance.

The glaciological debate which exists in south-west Scotland is therefore mainly focused on
ascertaining the nature of events during the period of Late Devensian glaciation in the north-
east sector of the Irish Sea Basin, and thus the primary emphasis of this research is centred on
addressing and unravelling the long-standing issues outlined above. Paralleled with this lies an
opportunity to investigate the sedimentological and glaciological effects of isostatic
submergence, and the retreat of the ice sheet onto a part of the Scottish mainland which

remains substantially unconsidered in the context of Irish Sea glaciation.

The remainder of this chapter is divided into four sections. Section 1.2 further justifies and
develops the aims of this study in greater detail. This is followed by an overview of the
regional physiography of south-west Scotiand (Section 1.3). Section 1.4 reviews the history of
Quaternary studies in the region and establishes the present status of the glacial history. Finally,

Section 1.5 provides a summary of the main points raised in this chapter.

1.2: Rationale and Research Objectives

1.2.1: Rationale

Historically, the popularity of glacial geomorphology can largely be attributed to the
development of landform and process studies in those regions of the Northern hemisphere
which have been dramatically affected by the results of glacier activity. In areas where glacial
deposits are widespread, geologists have tended to become preoccupied with glacial
stratigraphy and glacial chronology, whereas elsewhere the main focus of research has been
glacial geomorphology, with particular emphasis on landscape evolution. Nevertheless, since
the general acceptance by scientists of the ‘Glacial Theory’, which evolved in the last decades
of the eighteenth century and early in the nineteenth century, an overriding theme has been
universally accepted that sediments and landform assemblages of glacial origin are

significantly important palacoenvironmental indicators.

Detailed investigations into spatial patterns of glacial sediments and landforms on ancient
landscapes, and their significance at local, regional and even continental scales, have a long-
standing history (e.g. Geikie, 1877, 1894; Upham, 1895; Tyrell, 1898a, b; Flint, 1943). Today,
the working goal in Late Devensian palaeoenvironmental reconstruction remains unaltered

which is to establish the precise nature of glacial deposits and the sequence of inferred
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environmental events at a given locality, and then to classify the result and correlate the local
evidence with other areas (Bowen, 1978). Despite the remarkable complexity of many of the
early studies, in certain regions of the British Isles the accuracy of these initial accounts are
questionable, given that in recent years several major deficiencies in the applied traditional

approaches have been identified (e.g. Ireland (McCabe, 1987)).

During the second half of the nineteenth and early twentieth century individuals such as Jolly
(1868), Geikie (1901), Gregory (1926) and Charlesworth (1926a, b) provided substantive
explanations for the widespread occurrence of glacially-related deposits and the genesis of
landforms in south-west Scotland. During that period, the outcome of their individual work was
seen to be of special importance in the history of Quaternary research in Scotland, and was
proclaimed as the “fruit of diligent field research” (Kerr, 1982b, p. 3). However given the
current level of scepticism over the validity of specific traditional interpretations, there is
concern that the existing descriptions of glacigenic sequences, and contrasting accounts of Late
Devensian glacial events in south-west Scotland, are encumbered with genetic inferences
making up-to-date stratigraphic correlation and synoptic studies of this region difficult in the

wider context of the Irish Sea Basin.

Alongside this, it is increasingly apparent that former palaecoenvironmental interpretations of
complex glacigenic sequences, especially on the seaboard margins of the Irish Sea, have failed
to take account of influences that a marine ice sheet might have had on the sedimentary record.
In the past, most sequences were interpreted in terms of glacio-terrestrial models, however,
Eyles and McCabe (1989a) have recently presented evidence to suggest rapid Late Devensian

ice sheet retreat and marine flooding in the Irish Sea basin.

Overall, a number of reasons, the most prominent ones of which have been highlighted, have
prompted leading workers to consider reviewing key areas. This is particularly necessary in
regions such as south-west Scotland where there exist obvious contrasts in the interpretation of
the nature of glacial and deglacial events (Kerr, 1982b), and in instances a lack of clarification
of episodes such as ice sheet retreat onto the mainland. Existing doubts over the inferred glacial
stratigraphy and history of Late Devensian events provided by early workers in these regions
appear to relate directly to at least the following factors: (1) limited and inadequate field
procedures; (2) over-emphasis on the then existing exposures; (3) genetic terminology; and (4)
the choice of conceptual model used to describe and assess the glacigenic deposit (Bowen et

al., 1986; McCabe, 1987).
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In recent years, many regional studies have identified and placed greater emphasis upon the
links between sediment-landform association and genetic processes than conventional
lithostratigraphic practices (e.g. Boulton and Paul, 1976; Boulton and Eyles, 1979; Eyles,
1983a, b, ¢; Eyles and Eyles, 1983; Evans, 1988). For the purpose of classification, this may be
described as an holistic approach, wherein the landforms and subsurface sediments that
characterise a landscape are genetically related to the process involved in their development.
Thus, it is seen to provide a far stronger and more reliable framework for comparison of field
evidence and development of stratigraphic concepts during reconstruction of former glaciated
environments. Two new and powerful approaches to the study of glacial depositional systems
have emerged from this methodology: (a) the study of glacial landsystems and process-form

models; and (b) sequence stratigraphy, both of which are described in detail in Section 3.3.1.

Aside from the importance of re-evaluating the Quaternary history of this key area in Scotland,
it is believed that the opportunity to place a handle on the palaeoglaciology of the Southern
Uplands ice sheet through its glacial cycle, in terms of the major elements which make up the
integrated, large-scale structure of such an ice sheet (e.g. ice divides, ice streams), has major
significance to glaciology beyond this regional-scale investigation. This is particularly with
respect not only to constraining the overall dynamics and structure of this sector of the British
ice sheet which impacts on previous British ice sheet models (e.g. Boulton et al., 1977) and
glacial rebound models (e.g. Lambeck, 1993), but also addresses certain fundamentally
important glaciological issues such as whether ice mass fluctuations and instabilities, if
detected, are controlled by climatic variability, or whether they are intrinsically related to
components which determine the internal dynamics of ice flow (e.g. a subglacial deformable

bed).

1.2.2: Objectives

Overall, there are at least four considerations which make this research imperative:

(1) a methodological framework has been developed allowing the re-evaluation of contrasting
accounts of Late Devensian glacial events in south-west Scotland;

(2) evidence exists to suggest that possible marine-influenced ice sheet retreat occurred in the
Irish Sea Basin which has been unaccounted for in south-west Scotland;

(3) the status of readvances during the late stages of deglaciation in south-west Scotland is yet
to be resolved;

(4) the role played by south-west Scotland in the context of Irish Sea glaciation and Quaternary

events in Northern Britain is undetermined despite the key positioning of this region.
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It is acknowledged that the potential to encounter similar equivocal evidence as earlier workers
did may present problems with interpretation, however, the importance of addressing the

outstanding issues in this region provides the basis for pursuing this investigation.

1.3: Regional Physiography of South-West Scotland

1.3.1: Physical setting of south-west Scotland

South-west Scotland is defined here, for the purpose of description, as the region covered by
Sheets 1 and 3 (Kirkmaiden and Stranraer), Sheet 2 (Whithorn), Sheets 4W and 4E (Kirkcowan
and Wigtown), Sheet 7 (Girvan) and Sheets 8W and 8E (Carrick and Loch Doon) of the
1:50,000 British Geological Survey map series (Figures 1.2, 1.3). The north and east limits can
be demarcated by a line drawn from Girvan, on the west coast, to the summit of Cairnsmore of
Carsphairn in the east (55°14'N), and directly south through Dundrennan to the Solway Firth
coastline (4°13'W). The western and southern limits are marked by the coastline of the North
Channel and Solway Firth respectively. Throughout the text, reference may also be made to the

northern half of this region as the Carrick area and the southern half as the Galloway area.

The following sections contain a general overview of the landscape characteristics in each of

the five districts identified above.

1.3.1.1: Rhins of Galloway (Kirkmaiden and Stranraer)

This district marks the termination of the Southern Uplands mountain range against the North
channel and comprises the distinctive Rhins of Galloway (rinn = a point or promontory in
Gaelic), a north-south peninsula known locally as ‘The Rhins’ which is joined to the main
region of south-west Scotland by the low relief Stranraer isthmus (Stone, 1995; Figure 1.2 (also
reproduced as a separate map in the back wallet)). The Rhins therefore form the most south-
westerly corner of the Scottish mainland with the Mull of Galloway marking the most southerly
point. From here, a moderately high ridge of land underlain by Lower Palaeozoic strata trends
north-north-west for 45 km to Milleur Point at the north tip, thus separating the Stranraer
Permian basin of Luce Bay and Loch Ryan from that of the North Channel (Kerr, 1982a; Stone,
1995). In turn, the 10 km wide isthmus separates Luce Bay in the south from Loch Ryan in the

north.

On the western coast of the Rhins, steep bedrock cliffs are prevalent (up to 70 m high) whereas
elsewhere more open bays exist where the coastline intersects low-lying valleys cutting across
the Rhins. It is suggested that the valleys represent preferential erosion by ice of structural

weaknesses in the bedrock (Jardine, 1966). The actual ‘spine’ of the peninsula is, however,
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formed by higher ground with hills to the south of Kirkmaiden reaching 164 m above OD, and
the central part, between Stranraer in the east and Portpatrick in the west, rising to 182 m above
OD. The east coast of the Rhins, on the western coast of Loch Ryan and Luce Bay, is low-lying
and topographically subdued where it merges with the Stranraer isthmus. The relief in this area
is never greater than 40 m above OD, and generally lies below 15 m, particularly in the south-
east part of the isthmus where an undulating topography gives way to extensive beaches and

intertidal mudflats at the head of Luce Bay.

In contrast, the topography to the north-east of the isthmus changes abruptly coinciding with
the Loch Ryan Fault; the eastern boundary structure of the Stranraer basin (Stone, 1995). A
marked north-west to south-east trending fault scarp has been produced by the more resistant
Lower Palaeozoic strata, beyond which the land surface rises to a peneplain at approximately
230 m above OD (Stone, 1995). This surface is incised by a number of streams draining either
south-west into Loch Ryan or south-south-east into the Water of Luce which enters the Solway

Firth at the head of Luce Bay.

1.3.1.2: Whithorn

The Whithorn district (Figure 1.2) lies towards the southern end of the Wigtown peninsula
(Section 1.3.1.3) which itself extends southwards into the Solway Firth, terminating in the high
bedrock cliffs of Burrow Head. The peninsula acts as a physical barrier separating Luce Bay to
the west from Wigtown Bay to the east. The topography of the area is generally subdued
however an undulating relief predominates inland as a result of a strong topographic lineament
reflecting both the regional strike of the underlying strata and accentuation of the extensive
Lower Palaeozoic sedimentary bedrock by inferred glacial erosion (Barnes, 1989). The highest
elevations in the Whithorn district are the Fell of Carleton (146 m) and the Fell of Barhullion
(136 m) occurring adjacent to the south-west coastline near Monreith, while elsewhere the land
surface remains below 90 m above OD. Drainage in the area is restricted to a limited number of
streams with the more prominent ones entering either into Luce Bay at Monreith or Wigtown

Bay at the Isle of Whithorn.

1.3.1.3: Wigtownshire (Kirkcowan and Wigtown)

Nearly two-thirds of the area covered by the Wigtownshire district (Figure 1.2) consist of hilly
ground and moorlands with irregular and independent ridges. The highest ground in the district
lies in the north-east corner, to the east of the fault-controlled Cree valley (Floyd, 1999), whose
river (River Cree) flows between the base of Cairnsmore of Fleet and the Rhinns of Kells on

the one side, and the lower and flatter moors of Wigtownshire on the other. The River Cree also

10
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marks the eastern boundary of Wigtownshire from neighbouring Kirkcudbrightshire. In the
centre of the district rises the granite mass of Cairnsmore of Fleet, which reaches a height of
771 m above OD (Floyd, 1999). Surrounding it are further prominent mountains, amongst
which are the Fell of Fleet (470 m) and Craigwhinnie (417 m) to the east, and Pibble Hill,
Cambret Hill (351 m) and Cairnharrow (456 m) to the south.

To the west of the River Cree the hills are far apart from one another and do not reach an
equivalent height, amongst the highest being Craig Airie Fell (320 m), White Fell (287 m) and
Craigmoddie Fell (248 m) in the north-west; Culvennan Fell (213 m), Barskeoch (176 m) and
Craigeach Fell (131 m) in the centre; and Mochrum Fell (197 m) and Bennan Hill (152 m) in
the south-west. There is no stretch of flat ground of any great extent in Wigtownshire, with the
exception of a small area of just a few square miles around the moutﬁ of the River Cree. The
area of Wigtownshire south of Kirkcowan, which is known locally as ‘The Machars’, consists
of a drumlinised topography, with streamlined mounds running predominantly over most of the

area in a north-east to south-west orientation (Section 1.3.3).

The coastline along the shores of Wigtown bay display periodic steep cliffs extending up to
about 30 m above OD in places whereas the remainder of the coastline consists of banks of
drift, rising from flat shingle beaches. The main drainage patterns in the area are those of the
Rivers Cree, Tarf and Bladenoch which all enter the Solway Firth at the head of Wigtown Bay.
Besides these, several large streams such as Palnure Burn and Moneypool Burn drain other

independent areas.

1.3.1.4: South-west Ayrshire (Girvan)

The general physical character of this area (Figure 1.2) presents little variety compared to that
of Wigtownshire. The area is hilly throughout, with the only comparatively level ground being
found alongside the main streams. Despite this regional view, if the line of the River Stinchar is
taken, it is apparent that more elevated ground prevails to the south, whereas the landscape to
the north of the river is more diversified. The land to the south forms a northward extension of
the peneplain surface described in Section 1.3.1.1. and near the northern margin the surface
begins to ascend gently to a ridge of hills trending north-east to south-west; the highest point
being Beneraird (439 m) which overlooks the long linear valley of Glen App whose river
(Water of App) flows south-west into the North Channel. North of the River Stinchar, the
ground does not attain a height greater than 300 m (Grey Hill, 297 m). The dominant valleys, or
scarp features, of the Stinchar and Glen App coincide with the incision of the north-east

trending Caledonoid Southern Upland fault and provide an obvious ‘grain’ to the landscape

11
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(Stone,1995; Floyd, 1999). The peculiar straightness of these two valleys, in particular the
latter, serve to differentiate them from other longitudinal valleys such as that of the Water of

Girvan, which is not fault-controlled (Stone, 1995).

The coastline from the northern edge of the district, southwards to where the River Stinchar
enters the North Channel, presents a narrow flat margin of ground between the current coastline
and a steep rise which marks the former coastline, where it ascends inland. In a number of
places, this platform is interrupted by the projection of residual headlands entering into the sea.
South of the Stinchar, a line of cliffs descend abruptly into the sea all the way south into Loch

Ryan.

1.3.1.5: Carrick and Loch Doon

This area has a varied topography which ranges from 8 m above OD in the north-west corner,
where the coastline is just 1 km away, to the dominant peak of Merrick which, at 843 m, is the
highest peak in Scotland south of the Highlands (Figure 1.2). The western half of the Carrick-
Loch Doon district has a fairly subdued topography which rises gently southwards and
eastwards before gradually falling towards the valley of the River Cree which flows south into
the Wigtownshire district. In the north-west, there is a continuation of the scarp valleys
described in Section 1.3.1.4 (Floyd, 1999). By contrast, the eastern part of the district is
characterised by mountainous topography, including the rugged peaks of Craignaw (645 m),
Mulwharchar (692 m) and Craigmawhannal (357 m). These peaks are in turn flanked by the

twin parallel ridges of the Merrick and Kells ranges.

The district contains a number of lochs of various sizes, the vast majority of which are natural
bodies of standing water, although at Loch Doon (largest in the Southern Uplands) the natural
water-level has been raised by dams constructed in the 1930s (Floyd, 1999). A number of
artificial reservoirs have also been built including Clatteringshaws Loch, and Loch Braden to
the west of Loch Doon has been created by raising the water-level of several smaller lochs by
dams (Floyd, 1999). Other notable natural water bodies in the area include lochs Trool,
Riecawr, Macaterick, Enoch, Neldricken, Valley and Dee. This area also features as the
watershed between rivers flowing northwards into the Firth of Clyde, westwards into the North

Channel, and southwards into the Solway Firth (Floyd, 1999).
1.3.2: Pre-Quaternary geological history of south-west Scotland

Geologically, the Carrick and Galloway districts are part of an extensive outcrop of Lower

Palaeozoic strata which forms the Southern Uplands of Scotland, an area bounded to the north

12
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by the north-east to south-west trending Southern Upland Fault and to the south by
unconformably overlying Devonian and Carboniferous strata (Greig, 1971; Barnes, 1989;
Figure 1.3). Early work conducted by Peach and Horne (1899) on the Southern Uplands
concluded that the basic stratigraphy of the south-west Scotland region was formed from three
parallel outcrops, one of Ordovician and two of Silurian (Llandovery and Wenlock) strata. The
respective ‘Northern’, ‘Central’ and ‘Southern’ belts, as they were distinguished, are each made
up predominantly of unfossiliferous greywacke, though with traces of interbedded fossiliferous
siltstone beds in the Southern Belt, and fossiliferous black mudstone and chert sequences
(‘Moffat Shale’), creating thin, discontinuous, strike-parallel outcrops in the Northern and

Central Belts (Barnes, 1989; Figure 1.3).

These outcrops attest to processes active at the margin of a precursor to the Atlantic, the Iapetus
Ocean, some 400 to 500 million years ago (Stone, 1996). During the Cambrian Period (c. 540-
510 Ma), the lapetus Ocean is thought to have probably expanded to its maximum size, with
further evolution and eventual d;:struction by collision between the bordering continental plates
(Laurentia and Avalonia) emplacing the outcrop of Lower Palaeozoic (c. 510-410 Ma) rocks of
the Southern Uplands (Caledonian Orogeny) (Stone, 1996). Overall, there is a south-east
younging trend in the area, with the oldest strata in the north-west of Carrick and progressively
younger rocks appearing southwards into Galloway (Toghill, 1970). The oldest outcrops are an
ophiolitic assemblage, in broad terms representing relics of the oceanic crust and mantle, which
cover about 75 km® on the Ayrshire coast south of Girvan (Stone, 1996). As you progress
further south, the Lower Palaeozoic rocks are divided by major strike-parallel faults into a
series of blocks; a feature highlighted in the topographic expression of the area (Section
1.3.1.4). Each block is represented by only a limited stratigraphic succession, dominated by

turbidite deposits of greywacke, siltstone and shale (Barnes, 1989; Stone, 1996).

The structural and stratigraphic pattern recognised in south-west Scotland is that of an
imbricate thrust system (Webb, 1983) with the overall geological relationship within the
Southern Uplands being explained by an ‘accretionary prism’ model (Leggett et al., 1979;
Figure 1.4). It is thought that the Southern Uplands complex developed as successive thin
layers of sediment were scraped off from the surface of the descending oceanic plate and
stacked at the continental margin in a series of slices. Rotation of the thrust stack to the vertical
occurred as a result of suggested continental collision as the Iapetus Ocean closed in the Late

Silurian or Early Devonian (Leggett et al., 1979).

14



Chapter 10 Iitroduction

During the final stages of deformation, at the end of the Caledonian Orogeny, a widespread
regional dyke swarm was intruded into many parts of the Carrick and Galloway regions (Stone,
1996). Dykes of Late Caledonian age are common features of the coastal sections throughout
the Whithorn and Rhins of Galloway districts. Intrusions range up to several metres in
thickness, although the majority are between about 10 cm and 1 m (Barnes, 1989; Stone, 1995).
The climax of igneous activity was reached as deformation ended with the intrusion of major
granitic plutons which dominate south-west Scotland (Stone, 1996). Three plutons of early
Devonian age, comprising the main plutons of the south-west Scotland granitic suite, are
present in the Carrick-Loch Doon and Wigtownshire areas (Figure 1.3). These are Cairnsmore
of Carsphairn, Loch Doon and Cairnsmore of Fleet which have all been radiometrically dated

to within a few million years of 400 Ma (Halliday et al., 1980).

The Loch Doon pluton mass (408 + 2 Ma; Halliday e al., 1980) is one of the major plutons in
the Southern Uplands with a north-south length of 19 km, an east-west breadth varying between
5 and 10 km, and an overall area of 125 km®. The mass is centred on the peak of Mullwharchar,
and stretches from Loch Doon in the north to Loch Dee in the south. A large number of minor
intrusions occur as part of a dyke swarm associated with the emplacement of the Loch Doon
pluton. To the east and west the pluton is flanked by the ridges of the Rhinns of Kells and the
Merrick range respectively. The Cairnsmore of Fleet pluton (392 + 2 Ma; Halliday et al.,
1980), occupying an area of 198 km?, lies between Newton Stewart and Loch Ken and has its
western portion dominated by the Cairnsmore of Fleet massif. The third pluton, Cairnsmore of
Carsphairn (410 = 4 Ma; Thirlwall, 1988), is by far the smallest of the plutons covering only 10
km® and is centred on the hill of the same name. The intrusion of these granite plutons was

accompanied by contact metamorphism of the surrounding parent material (Stone, 1996).

Following the Caledonian Orogeny and intrusion of the granitic plutons in Carrick and
Galloway, the Southern Upland region was subjected to uplift and erosion (Stone, 1996). Major
sedimentary basins developed as a direct consequence of crustal extension during Late
Devonian times (Figure 1.5). It is suggested that their formation was possibly activated through
movement of north-west trending normal faults during Early Carboniferous times which extend
throughout the Southern Uplands (Stone, 1996). The Loch Ryan basin, defined by these faults,
preserves a fragmentary record of fluviatile, estuarine and marine sedimentation throughout the
period from the Late Devonian to Late Carboniferous times (c. 360-290 Ma) (Jackson et al.,
1995; Stone, 1995, 1996). Along the north Solway coast, which effectively marks the northern

margin of the Solway Basin, Early Carboniferous rocks are exposed (Figure 1.5). Away from
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Chapter 1: Introduction

this margin similar aged strata reveal evidence of a changing sea-level at this time (Stone,

1996).

There are no strata preserved to record the geological history of south-west Scotland between
the Triassic and the Quaternary (Stone, 1996). This is with the exception of occasional Tertiary
dykes, thought to be about 55-60 million years old, which belong to swarms associated with

igneous centres in Arran and Mull (Harrison et al., 1987; Hitchen and Ritchie, 1993).

1.3.3: Pleistocene and Holocene deposits of south-west Scotland

The information in this section is intended to provide a basic factual archive relating to the type
and range of Quaternary deposit in the Carrick and Galloway regions of south-west Scotland. It
is not the intention here to discuss any proposed chronology of events relating to the deposition
of the sediments as this subject is addressed in Section 1.4. Drift deposits mapped in the
districts of Whithorn, Rhins of Galloway and Carrick-Loch Doon are summarised from
descriptions published in the accompanying revised British Geological Survey memoirs
(Barnes, 1989 ; Stone, 1995 ; Floyd, 1999° ). For the districts of south-west Ayrshire and
Wigtownshire, information has been extracted from the initial surveys reported in the Memoirs
of the Geological Survey of Scotland by Young (1869) and Irvine (1878) respectively.
Classification and interpretation of Quaternary deposits in these districts by early glacial
geologists (e.g. Gregory, 1926; Charlesworth, 1926a, b) are, for the most part, excluded in this
section so as to avoid erroneous representations which may have arisen from preconceived

notions.

It is necessary to reinforce the point introduced in Section 1.2 that the descriptions of the drift
geology in these districts are largely based upon the initial surveys conducted over a century
ago, before the vast development of knowledge of processes and sediments associated with ice
movement and ice melting had taken place. Description of deposits taken at the time should be
accurate although interpretation of landforms and inferred processes of formation, where made,

may be subject to reinterpretation. Nevertheless, it is necessary at this initial stage to establish a

' Whithorn was first surveyed by Craik in 1871-72. The first edition of the map, published in 1872, was
accompanied by a memoir published in 1873. The map was revised by Peach and Horne and a second
edition was published in 1923. A partial resurvey of the district was made by Barnes in 1983-84. Revised
solid and drift maps were published in 1987 and a revised memoir in 1989.

? The Rhins of Galloway was first surveyed by Irvine in 1872 (Sheet 1), and Geikie and Irvine in 1873
(Sheet 3) with maps and accompanying memoir produced at this time, The area was resurveyed by Peach
and Horne between 1888 and 1898 and a second map was published in 1923. Revised drift and solid
maps were published in 1982 and 1993 respectively, and a revised memoir in 1989 and 1995.

3 This is the first Geological Survey publication specifically describing the Carrick-Loch Doon district.
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benchmark for information relating to Quaternary deposits in the area which can be later

supported or challenged where appropriate.

1.3.3.1: Rhins of Galloway (Kirkmaiden and Stranraer)

Widely distributed throughout the Rhins of Galloway has been found a till of varying thickness
(up to 2-3 m) which tends to drape over irregularities in the underlying Lower Palaeozoic
strata, but is far more pronounced where it has been moulded by the movement of ice into flow-
parallel drumlin forms, thereby producing a distinctive landscape. There has been no evidence
reported which suggests that glacial deposits older than the last glaciation are present in the
area (Kerr, 1982a). The texture of the till has been found to be variable ranging from a stiff clay
containing relatively few clasts to a sandy clay concentrated with subangular pebbles and
cobbles. Similarly, the tills vary in colour and in composition, relating to the nature of the
underlying bedrock, indicating that a large part of their material has not been carried very far

prior to deposition (Kerr, 1982a).

Where the underlying strata are of Ordovician or Silurian age the matrix of the till is usually
brownish grey and the clasts are mainly greywacke and hard shales; in areas where the clast
content is of Permian age (Old Red Sandstone), the till matrix is red and sandy and encloses
clasts of red sandstone (Kerr, 1982a). The latter type is thought to be directly associated with
deposition by ice which previously eroded Permian red sandstone of the Stranraer basin to the
east and north-east (Section 1.4). In several places the till has been divided into two
superincumbent layers on the basis of differences in colour, consistency, particle size, erratic
content, till fabric, presence or absence of carbonates and presence or absence of shells (Kerr,
1982a). To indicate their stratigraphic relationship, and to assist correlation with Irish tills, the
tills have been provisionally named ‘upper’ and ‘lower’. The junction between the tills is
reportedly marked by a layer of sand which in places has been noted to penetrate into the lower

till in wedges (Greig, 1971).

Documented characteristics of the upper till suggest that it is of a generally red or light brown
colour, friable in texture and ranges from sandy loam to sandy clay loam with a much lower silt
content than the lower till. The erratic material is much less than for the lower till with the
majority of greywacke clasts being of local provenance (Loch Doon and Loch Ronald are
suggested sources; Greig, 1971). The most consistent feature of the upper till is the record of a
north-east to south-west fabric, which supports a traditional theory (Charlesworth, 1926a) of

Late Devensian ice moving south-west across the Rhins of Galloway (Section 1.4).
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The lower till is reported to be more patchy in its distribution than the upper till and its colour
is darker; usually dark brown, purple or blue-grey (Kerr, 1982a). Overall, the lower till has
been described as massive and compact (‘stiff’) with a low stone content and a matrix which is
clay loam in texture. At two sites, marine shells have been recovered (Kerr, 1982a). The erratic
content of the till is mostly sandstone, and the proportion of erratic to non-erratic material is
high. Fabric analysis has revealed clear evidence of a north to south or north-west to south-east
direction in contrast with the orientation in the upper till. The diagnostic character of the lower
till appears to be its strong reaction to the addition of hydrochloric acid, in contrast to the upper
till which fails to react to acid. In general terms the lower till has been classified as a lodgement
till, pertaining to deposition and compression beneath an advancing ice sheet. By contrast, the
more prevalent upper till is thought to have been associated with the decay of stagnant, in situ

ice.

East of the Rhins peninsula, one of the most extensive accumulations of Quaternary deposits in
the district forms the spread of the Stranraer isthmus. Between the outcrops of solid strata of
the Rhins of Galloway and the steep rock scarp extending from the east of Luce Bay to
Cairnryan stretches an expanse of superficial deposits about 30 square miles in extent (Jardine,
1966). Borehole records at West Freugh [NX 109543], five miles south-east of Stranraer, reveal
that up to 43 m of sand and gravel have been deposited on a rockhead of red sandstone which
can be placed well below current sea-level (Lawrie and Craig, 1945). Jardine (1966) introduces
an interesting concept that nowhere in the neighbourhood of Stranraer is solid rock exposed. As
the height of the land in the vicinity of West Freugh is about 15 m above OD, it has been
suggested (unless the site overlies a deep hollow in the bedrock surface) that were the
Quaternary sediment not present, the Rhins of Galloway would now be separated from the

remainder of Wigtownshire by a deep channel of unknown width.

Explanations for the mode of formation of this channel appear to be mutually based on the
erosion of this trough by either the exclusive work of one physical agent or the collective work
of several. Two theories exist to explain the excavation of soft Upper Palaeozoic rock
underlying the Stranraer isthmus: (1) glacial ice travelling southwards from Ayrshire during
one or more glaciations of the Pleistocene (Jardine, 1966); or (2) the combined work of a Ryan-
Luce river and marine waters attacking the west of Wigtownshire both from the north and south

during one of the Pleistocene episodes of low sea-level (Jardine, 1966).

The deposits forming the isthmus are thought to mark a hiatus in retreat or possibly a slight

readvance (Sections 2.5.4.3; 2.5.4.4; 4.2.4) of a fairly static ice front occupying Loch Ryan.
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Stratified sand and gravel mounds, often with disturbed layering, are particularly common in
the central and northern parts of the isthmus. These are interpreted as kame mounds, deposited
beneath and between stagnant ice masses; when the ice finally melted, the stratified sand and
gravel bodies were left as positive features although the removal of their support caused
slumping along their margins. Around and beyond these mounds, in what would be a distal
position from the glacier margin, an outwash plain is believed to have been built up by a
system of braided meltwater streams. It is suggested that deposition may have been submarine
as well as fluviatile following the discovery by Geikie and Irvine (1873) of shelly marine clay
overlying sand and gravel, representing possible prograding delta foresets. Similar processes
are suggested to have occurred on a smaller scale within ice-dammed meltwater lakes in close
proximity to the glacier snout. Small lochans and vegetated hollows scattered throughout this
area may have originated as kettle holes, formed by subsidence of the outwash sands once

buried blocks of ice had finally melted.

Elsewhere on the Rhins peninsula, scattered irregular deposits of sand and gravel are thought to
represent the eroded remains of previously more extensive outwash fans and terraces deposited
during a deglacial phase. During deglaciation, sea-level fluctuated in response to eustatic-
isostatic imbalance. The remains of shingle terraces containing a marine fauna at heights up to
approximately 20 m above OD infer beach formation in response to relatively high Lateglacial
sea-levels (Jardine, 1971). On more sheltered stretches of coastline, in particular the shores of
Loch Ryan and the west coast of Luce Bay, many good examples of raised beach have been
reported, ranging from about 5 m to 8 m above OD. On the west coast of the Rhins peninsula
the only extensive raised beaches recorded are preserved in some sheltered bays and are of
similar height above sea-level. At several localities the raised beaches are noted to continue
seaward taking the form of a wave-cut platform at about 5 m above OD. On many stretches of
the western Rhins coast similar rock platforms have developed but without the raised beach
association although their height above sea-level is very variable within a range from 2m to 10
m. At the head of Luce Bay aeolian sand covers a wide area encroaching northwards on to

raised beach deposits.

The present drainage system, as it developed, partially reworked drift deposits which occupied
pre-existing valleys. Incision into accumulations of sand and gravel has left protruding terraces
above modern alluvial terraces, notably in the valley of the Water of Luce. Elsewhere, patches
of alluvial sand and gravel border many of the current streams, and on occasions are reported to
overlie glacial drift and/or raised beach deposits. On the high ground in the north-east of the

Rhins of Galloway district extensive peat mosses have built up to depths of several metres.
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1.3.3.2: Whithorn

The till characteristics found in the Whithorn district have been described, on a limited basis, in
the same manner as the deposits outlined in Section 1.3.3.1. They are believed to have a
widespread coverage throughout the peninsula, following the undulations and irregularities of
the underlying strata, particularly near to the southern point of Burrow Head (Barnes, 1989).
Again, the drift is topographically most significant in the distinctive whale-backed drumlins
which are prevalent across most of this region, although they diminish in concentration towards
the south. The thickest deposits of till are reported along the west coast where they are draped
over the coastline and locally include interbedded sand and gravel (Barnes, 1989). In places,
the till has again been divided into two varieties, whose characteristics and mode of deposition

appear to correspond with the upper and lower tills described above.

Glacifluvial sand and gravel deposits of the area have been categorised into three types
(Barnes, 1989): (1) mounds with kame morphology (e.g. Arbrack [NX 461375]); (2) caps to
low hills (e.g. in Monreith Park [NX 357425]); and (3) flat-topped outwash fans of which relics
occur on the coast west of Cairndoon [NX 373392], at Burrow Head [NX 451342] and at Port
Allen [NX 477409]. The kames are commonly unsorted and without stratification, however the
other deposits are noted to be typically well-bedded. These beds comprise clean fine sand, are
commonly laminated, and occur between units of variably sorted gravel in which the grain size
ranges up to 40 cm. Clasts are reported as dominantly well-rounded, consisting of greywacke
and granite, with some, more angular, shaly material (Barnes, 1989). In the Burrow Head
deposit, the beds are recorded as dipping 10° to the south and some gravel horizons incorporate
lenticular clasts with well developed grain imbrication (Barnes, 1989). These characteristics
infer that the depositing currents in this area flowed southwards. On occasions in the west,
where thick deposits of till overlie the coastline, they are commonly fringed by a well-
developed raised beach terrace with a shingle surface at about 5 m above OD. Cut into bedrock,
on the opposite east coast of the peninsula, a raised, wave-cut platform with thin shingle
deposits occurs at the same elevation, backed by a discontinuous low feature marking the

former coastline (Barnes, 1989).

Additional Quaternary deposits reported in the Whithorn area include spreads of peat grading
into peaty clay which occur in low-lying areas above the till and filling hollows in bedrock. It is
suggested that the peat deposits originated in a lacustrine environment (Barnes, 1989). Larger
deposits, such as Whithorn Moss [NX 409422] and Glasserton [NX 424390], have been

reported with depths of perhaps several metres thick. Also, thin alluvial deposits occur in the
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Ket and the Drummulin Burn, the only significant drainage channels in the area, and comprise

coarse sand and gravel with some dispersed larger clasts in a silty sand matrix (Barnes, 1989).

1.3.3.3: Wigtownshire (Kirkcowan and Wigtown)

In the Wigtownshire district, Irvine (1872) remarked that evidence of ice movement over the
land was present in the form of discernible rounded hills and smoothed bedrock hummocks.
This evidence is especially prominent among the lower hills of the area, where good examples
of roches moutonnées have been found. In the majority of cases, it is believed that the rock
surfaces have been exposed to subaerial weathering for a long period of time resulting in the
obliteration of striae and other markings. Only where a fresh exposure of these rocks has been
made have grooves and fine striae been observed on their surface (Irvine, 1878). The localities
where striated rock surfaces have been observed suggest that the general trend of former ice
flow was from the high ground to the north of the area, in a south and south-west direction into

the Irish Sea (Section 1.4).

Deposits of till appear to present the usual character of a stiff clay, unstratified, full of
smoothed and striated clasts of various sizes, and a general colour between grey and bluish grey
(Irvine, 1878). The fabric of the till appears to generally correspond with the direction of ice
flow suggested by the striae. Furthermore, numerous granite boulders from the Cairnsmore
mass have also been found in the till on the lower ground supporting this direction (Irvine,
1878). Over most of the Wigtownshire area the till again occurs in the form of drumlins, with
perhaps the best examples occurring between Glenluce [NX 205575] and Kirkcowan [NX
328608], and also around Wigtown [NX 415545], Kirkinner [NX 414513] and Sorbie [NX
433473] (Irvine, 1878). It has been noted that these landforms generally run in parallel but
independent ridges varying in height from ten to forty metres, though on occasions they are
clustered together in groups of four to six connected mounds (Irvine, 1878). In the north-west
of the district the drumlins are reported to be generally surrounded by large flat peat mosses,
while in other places they rise from bare rocky ground sparsely covered with vegetation. Only

in a few cases have drumlins standing out of smooth covers of till been recorded (Irvine, 1878).

The presence of a sand and gravel series is noted to be poorly represented in this district. A few
small kames do occur over the moorlands of Wigtownshire, and gravel deposits have been seen
along the valleys of the Cree and Bladenoch, the shores of Luce Bay, and at the head of
Wigtown Bay (Irvine, 1878). It is suggested that the best development of kames lies about five

miles north-west of Kirkcowan. Considerable deposits of gravel are also reported to cover
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portions of the valley of the Cree north of Newton Stewart, and are well seen in places on either

side of the river (Irvine, 1878).

In the high ground of Cairnsmore of Fleet traces of loose, stony and sandy moraine drift have
been recorded which are believed to represent the position of small glaciers which were
nourished in these areas towards the end of the last glacial period (Irvine, 1878). A group of
well-marked moraine mounds are also present on the moor north of the dismantled railway
between former Creetown Station [NX 475599] and Culcronchie Viaduct [NX 507613]. Many
of the more prominent moraines in this area, however, are thought to occur on Cullendoch
Moor [NX 558655], near the sources of the Big Water of Fleet, and along the line of the former
railway between the Fleet viaduct [NX 558643] and Gatehouse station [NX 546625] (Irvine,
1878). The drift, where exposed, appears to be generally very loose, sandy, and gravelly with

rounded or subangular clasts of mostly granite and occasional angular fragments of schist.

Along the shore of Luce Bay, from Auchenmalg Bay [NX 233516] to Port William [NX
337438], a narrow platform of gravel extends inland from the present beach for 50 to 100 m;
and is thought to mark the most recent of the raised beaches in this district (Irvine, 1878). It sits
at approximately 10.7 m above OD (35 feet), and terminates along its inner edge at the base of
a vegetated escarpment which for the most part consists of till. Along the east side of Wigtown
Bay considerable fragments of the same terrace have been reported, while along the north side
of the same bay from Creetown [NX 476585] to Ravenshall [NX 522523] it forms a strip of flat

ground between the present high-water mark and the former sea-cliff (Irvine, 1878).

Alluvial deposits are apparently limited in extent in the Wigtownshire area. They
predominantly lie in the main river valleys and along some of the principal tributaries. A
considerable extent of marine alluvium has been mapped at the head of Wigton Bay, on either
sides of the mouths of the Cree and Bladenoch (Irvine, 1878). It consists of large mudflats
which are exposed at low-tide. The whole of Fleet Bay is also occupied by a more sandy
marine alluvium, likewise exposed during recession of the tide. Fragments of older river
terraces have also been seen flanking the lower and more recent alluvium of several of the
major rivers (Irvine, 1878). At the junction of the Tarf and Bladenoch [NX 347604], south-east
of Kirkcowan, portions of two such higher terraces reportedly rise above the existing river flats

(Irvine, 1878).

Hilly ground in Wigtownshire is for the most part covered with peat, with the largest peat

mosses occurring on the low ground between Glenluce and Kirkcowan. On the higher ground,
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the peat forms only a thin covering. Other extensive accumulations of peat have been reported

in some major hollows between drumlins, such as near Mochrum [NX 346464] (Irvine, 1878).

1.3.3.4: South-west Ayrshire (Girvan)

In the region of south-west Ayrshire, there is concurrent evidence with the other districts that
two tills were deposited during the last glaciation (Young, 1869). The lowest till has been
reported, for the most part, in stream cuttings where these incisions are deep enough. Its usual
character is that of a stiff, light-brown, and sometimes greenish-grey clay, containing numerous
well striated and polished clasts (Young, 1869). The upper till is generally of a “dirty-brownish
colour” (Young, 1869, p. 14) and notably has a larger, more angular, and less polished clast
content than corresponding stones in the lower deposit. It has also frequently been found to be
stratified, containing significant quantities of sand and gravel (Young, 1869). Many large
boulders are also reported to occur in this drift, which appear to pass into a coarse shingle and
boulder gravel. This latter kind of drift has been seen scattered over the hilly ground south of
Stinchar valley, where it is noted to form mounds in places. Between this deposit and the upper

till occasionally occur beds of ‘earthy gravel’ and sand marking an interface (Young, 1869).

In the hollow of the ridge between the Fell and Byre Hills, above Ardmillan House [NX
173942], ice-eroded hummocks of diorite are noted which in places still retain their striae
(Young et al., 1869). Where the coastline is low, the striae on the rocks reflect the ice flow
direction from the interior (approximately east-west). Examples of this have been provided
from Shalloch Mill [NX 179956], where at the time of initial investigation, there had been
removed a covering of till revealing a fresh, well-scratched, and smoothed bedrock surface.
However, where the ground rises more steeply from the coastline, the trend of the striae is
reported to correspond on the whole, with that of the coastline (north-south) (Young, 1869).
Examples of this relation have been given from the flanks of Pinbain Hill [NX 147924], at
Downan Point [NX 068806], and a little south of the shore end of Stinchar fault.

Other deposits which have been recorded in the area included kames of sand and gravel north
of Knockdolian Hill [NX 113848], and sporadic mounds of coarse gravel and angular debris
along the northern flank of the Auchencrosh Hills [NX 107788] (Young et al., 1869). It has
been suggested that these drift forms appear to be connected with the upper till, however no
explanation of this relationship is given. Erratic blocks are reported in a number of locations
within south-west Ayrshire, and often have been seen to attain a great size on many occasions
(Young, 1869). Several very large boulders of greywacke are noted at Pyell Craig, on the north

bank of the Stinchar between Ballantrae and Colmonell. Granite boulders, which are thought to
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originate from the Loch Doon area, are also present in the area, particularly in the valley of the

Girvan, and on the beach north of the mouth of that river (Young, 1869).

One of the most marked features of the coastal scenery of this area is a raised beach at
approximately 7.5 m above OD (25 feet) (Young, 1869). It runs from Girvan to Ballantrae
along the coastline as a narrow platform, with the inner margin representing the former
coastline, from which the hills further inland rise steeply. The terrace is reported to be
predominantly cut out of the till and continues southwards from Girvan to Lendalfoot and
Ballantrae, although in places it is excavated into bedrock (Young, 1869). Occasionally, the
raised beach has been heightened due to apparent accumulations of wind-blown sand. Traces of
old coastlines at higher levels than the 7.5 m raised beach have been recorded at Girvan and
Ballantrae with two such terraces at the latter location standing at approximately 15 m (50 feet)
and 23 m (75 feet) above OD (Young, 1869). Alluvial sediments are confined to the current

course of streams in the area, namely the Girvan and Stinchar.

The whole district south of Glen App reveals little of the underlying bedrock or drift as the area
is dominated by swathes of peat. This growth appears to have attained its greatest thickness on
the higher grounds and gentler slopes, whereas on steeply inclined ground the peat fails to

reach a thickness much greater than one metre (Young, 1869).

1.3.3.5: Carrick and Loch Doon

In accordance with what has been reported elsewhere in the Galloway region, over much of the
ground in this district lies an irregular mantle of till consisting of a stiff stony clay, with
numerous pebbles and boulders which are commonly rounded and striated (Floyd, 1999). The
till deposit is thought to be particularly thick in valleys and lower ground in the north-west and
patchy, if not absent, from the hill tops. In the south and east of the area, rock is apparently
visible at the surface over large areas and there are only small isolated patches of till infilling
some of the valleys (Floyd, 1999). The till is thought to be of local origin since its character
and erratic content normally reflect the nature of the underlying bedrock. Over areas of Lower
Palaeozoic rocks, the till is reported to be brownish grey and contains mostly boulders of
greywacke and granite, the latter derived from the Loch Doon mass (Floyd, 1999). Where
underlain by Old Red Sandstone strata, the till is found to be red, sandy and full of boulders of
red sandstone. Only in particular locations has the till been shaped into drumlins, notably the
upper reaches of the valley of the Duisk River, south-east of Barrhill [NX 266792], where they
are recorded as having a north-north-west trend (Floyd, 1999). A contrasting upper till, which

is more sandy and friable than the lower, is thought to represent an ablation till (Floyd, 1999).
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This till has been found to be sometimes crudely stratified, containing more angular boulders
than the underlying lodgement till and may be locally separated from the latter by a thin unit of

silty sand and gravel (Floyd, 1999).

Throughout the Carrick-Loch Doon district mounds, ridges and spreads of unsorted and poorly
consolidated debris are common. These deposits are considered to represent moraines formed
during advance and retreat of the Late Devensian ice sheet, leaving behind a heterogeneous
mixture of clay, sand and gravel with occasional very large erratics, whose lithology is of local
provenance (Floyd, 1999). In places, it appears difficult to distinguish the morainic material
from the upper ablation till, especially in areas where both are said to rest on the lower
lodgement till. By contrast, only small scattered patches of glacial outwash deposits are
reported to occur in the area (Floyd, 1999). Typical examples have been noted around the
headwaters of the Water of Assel [NX 244947], on the south bank of Penwhapple [NX
262968], in the valley of the Duisk River near Barrhill [NX 221831], and in the Cree valley
south of Clachaneasy [NX 354750]. They consist of isolated mounds and flat spreads of well-
bedded sand and gravel (Floyd, 1999).

Following ice retreat in this area, it is suggested that many of the watercourses were dammed
by isolated masses of melting ice or morainic material, allowing temporary lakes to form
(Floyd, 1999). Deposits of clay, silt and sand appear to have been laid down in these lakes,
which were either silted up or were abandoned as the postglacial drainage became established,
leaving behind flat spreads of lacustrine alluvium (Floyd, 1999). In places, it has been noted
that present-day streams have incised themselves into these deposits causing them to stand as
higher terraces above more recent alluvial terraces. Examples are given along the valley of the
Cree near Brigton [NX 360745], at Loch Slochy at the head of the Balloch Lane [NX 425923],
and alongside the Carsphairn Lane at Carsphairn [NX 560932] (Floyd, 1999).

Throughout the district the growth of peat mosses has taken place with reported accumulation
in areas up to several metres thick. In the more mountainous eastern part of the district,
however, the peat is thought to be mostly restricted to the valleys where it often forms on top of
the morainic deposits. The more subdued topography in the south-west has allowed the

accumulation of a huge blanket of peat, more than 100 km’ in extent (Floyd, 1999).
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Chapter 1 Introduction

1.4: Review of Quaternary Studies and Present Status of the Late Devensian

Glacial History of South-West Scotland

The following account expands upon an earlier review by Kerr (1982b) of work already
published in this field. It is beyond the scope of this section to describe in detail each individual
investigation which has been undertaken in the Carrick and Galloway districts, and so the
reader is directed to the source text if further information is required (Table 1.1). Section 1.4.2
provides an understanding of the current position of glacial reconstruction in the region of

south-west Scotland.

1.4.1: Review of Quaternary research in south-west Scotland

The first descriptions of physiographic features in south-west Scotland occurred in the second
half of the nineteenth century when interest in natural history and the landscape was abundant.
Investigations tended to be concentrated on the more prominent landscape features such as
waterfalls although there was always an underlying curiosity as to what action shaped the
landscape. This can be picked up in the literary style to which descriptions of certain
landscapes were presented suggesting that early workers had an undoubted feel for the
landscape. An example of this genre is the paper by Jolly (1868, p. 155) on “The evidence of
glacial action in Galloway” where the following description of the corrie backing Loch

Dungeon [NX 516840] is provided:

“Right before us rose a wall of greywacke, precipitous, serrated, gashed and
furrowed to a wonderful degree and descending sheer into the dark waters of a
lake. Standing by its shores and looking right across to the wild thunder splintered
pinnacles and torn precipitous peaks of Millfire and Mildown one feels that he
looks on one of the sublimer phases of nature and is over-powered with a wave of
savage, solitary, grandeur and of the almighty forces that have torn and changed
the face of the globe”.

Jolly later addressed the Edinburgh Geological Society on the 5" March 1868 on the
topic of glacial erosion in the uplands of Galloway and on the 19" March 1868 on the

glacial deposits of the lowlands.

In the early part of last century James and Archibald Geikie were renowned for their
contributions to what then was referred to as ‘the problems of the ice age’. If doubts existed as
to the extent or severity of glacial activity in south-west Scotland, compared to that reported in
the Highlands, these were soon dispersed by Archibald Geikie in his publication entitled ‘The
Scenery of Scotland’ (1901). In the opening paragraph to the text on ‘The ancient glaciers of
the Southern Uplands’ Geikie (1901, p. 341) remarks:
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Chapter 1: Introduction

“That they have been intensely glaciated, however, will be recognised by any one
who seeks for proofs of ice-work. In spite of the thick mantle of boulder-clay that
covers so much of the valleys and lower hill-slopes, and in spite also of the
tendency of so many of the rocks to decay and to be concealed beneath a coating
of turf or peat, abundant polished and striated rocks may be found in every district
from the headlands of Wigtownshire to those of St. Abb’s Head. In some parts of
Galloway, indeed, the roches moutonnées are hardly less perfect and conspicuous
than in most of the Highlands”.

From the direction of striae and distribution of scattered erratics, Geikie (1901) concluded that
it was clearly evident that the Southern Uplands formed a centre of dispersion for the southern
part of a Scottish ice sheet. Evidence for this is given in summary form on a map of the

glaciation of Scotland (Figure 1.6) which accompanies the text, Geikie (1901, p. 341-42):

“A vast mass of ice flowed northwards into the plain of Ayrshire, where, joining
the stream that was descending from the Highlands, it bent round to the west and
went southwards down the Firth of Clyde. Still thicker and more extensive was the
great ice-field that crept off the southern side of Galloway into the Solway Firth
and the Irish Sea, both of which, at the height of the Ice Age, were filled with ice”.

This map provides the foundation for all subsequent models of glaciation in the area to the
extent where the official handbook for the Southern Uplands (Greig, 1971) contains an almost
identical diagram (Figure 1.7). Meanwhile, James Geikie focused his attention on the mode of
deposition of glacigenic sediment in the Galloway region. Geikie (1905) recognised that the
drift covering this area was perhaps not just a simple deposit of one glacier but instead a
complex deposit comprised of many separate layers of boulder clay (till). This theory was
developed to explain the formation of drumlins in Galloway as resulting from the erosion of a
previously deposited sheet of till, the product of one glaciation, by a later advance of ice

(Geikie, 1905).

On the 12th March 1925 Professor J.W. Gregory of the University of Glasgow presented a
paper entitled, “The moraines, boulder clay, and glacial sequence of south-western Scotland”,
to the Royal Society of Edinburgh. One of the main themes of the investigation was to explain
the restricted distribution of moraines in south-west Scotland, and to understand the
significance of this occurrence despite excellent preservation of moraines in some localities.
Gregory (1925) attempted, on the whole, to explain the limited dispersion of moraines in terms
of non-depositional events; the partial deposition of morainic material into adjacent seas; and

destruction of moraines during glacial episodes.

The following year Gregory (1926) published a second piece of research which considers the

origin of Scottish drumlins, with particular reference to those in the vicinity of Glasgow.

29



030«

#(x

[4

«u$

- (+

x (

. $0

/(

T.

?'GYOS ®

$ux

0 #(

>
+V.

>

(# )

®
$.

»u$ #
H#

Fa



Chapter 10 hwroduction

Gregory dismissed the involvement of ice in drumlin formation and replaced glacial action with

the work of the prevailing wind, Gregory (1926, p 436):

“The clue to the origin of the Scottish drumlins is given by the trees which grow
on them. The trees show the direction of the prevalent wind, and they are bent
parallel to the drumlins. The normal drumlin direction is, in fact, that of the
prevailing wind, and most Scottish drumlins may be explained as the product of
sub-aerial denudation of sheets of boulder clay. The rain beats most frequently and
violently against the western end of the drumlin, which is therefore the steeper;
and the drumlins taper leeward with streamline curves due to wind and rain”.

However, Gregory (1926) acknowledges that there are many exceptions in Scotland to the
parallelism of drumlins and the prevailing wind. The influence of the underlying bedrock is
used to explain these anomalies, with a typical example taken from the drumlin field on the
Machars and Whithorn peninsula in Wigtownshire, Galloway district. In this area Gregory
(1926) observed that the southern drumlins trend approximately north to south, at right angles
to the prevailing wind, and noted that here the till is thin and denudation has revealed the
Lower Palaeozoic bedrock. This led Gregory (1926) to invoke the following scenario that in the
first instance glaciers had flowed down the Cree valley carving the Lower Palaeozoic bedrock
into an irregular surface with hummocks trending north and south. The till was subsequently
deposited as a continuous sheet, and during its ‘consolidation’ would have shrunk
predominantly where it was thickest; so even if the surface had been originally level, meltwater
streams would have formed over the depressions in the bedrock, incised into the till, and left
mounds of till on the rock hummocks (drumlins). In support of this, Gregory (1926) argues that
the drift to the north of this area is much thicker and so the underlying bedrock is rarely
exposed, hence the drumlin field curves into the east-north-east direction, taking on a long-axis

orientation parallel to the prevailing wind and at right angles to former ice flow direction.

Also in 1926, J. Kaye Charlesworth contributed two significant papers to the Transactions of
the Royal Society of Edinburgh, read to the society by another eminent geologist of the period,
Dr. J. Horne. Together, these papers were the product of dedicated fieldwork and until recently
provided the only substantive investigation in this region. Charlesworth’s first paper (1926a)
entitled “The glacial geology of the Southern Uplands of Scotland, west of Annandale and
Upper Clydesdale” describes in great detail the proposed general character of Late Devensian
glaciation. A regional-scale representation is provided in Section 2.4.2 however in short the
main conclusion of Charlesworth’s investigation was the endorsement of Geikie’s (1901)
model of a central Galloway ice dispersal centre. Many of the ideas on Late Devensian ice

movements stemmed from the careful mapping of various erratics to the north, west and south
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of the mountains in the Loch Doon area, together with mapping of the distribution of ice-

moulded landforms and striated bedrock surfaces.

In the Machars of Wigtownshire, Charlesworth (1926a, p. 20) identified a change over a short
distance in the direction of the long axes of drumlins which were separated by what was
described as a moraine (Section 2.5.4.4). The view that these two sets of drumlins were

produced simultaneously was dismissed and Charlesworth (1926a, p.20) concludes:

“It seems necessary, therefore, to conclude that the drumlins within and without
the moraine are the products of two distinct glaciations separated by a retreat of
uncertain magnitude. The drumlins are regarded as sub-glacial or englacial
features”.

This statement required an ‘oscillation’ in the ice sheet which was only detected where for any
reason the direction of ice flow changed. Landforms associated with this proposed readvance
have been described in a subsequent paper by Charlesworth (1926b) which make up what is
termed the ‘Lammermuir-Stranraer Moraine’ (Section 2.5.4.3). The argument for this moraine
limit was based on the recognition of sand and gravel deposits with characteristic kamiform
topography. In the west for example, Charlesworth associated the ‘kame and kettle’ topography
(consisting of kames, kettle holes, kame terraces, eskers and meltwater channels) at Leswalt in
the Rhins of Galloway [NX 025640] with the sands and gravels at the head of Loch Ryan.
Similar topography and deposits at Glenluce [NX 192575] and Kirkcowan [NX 328608]
extended the proposed readvance line further east. The basis for this interpretation was
therefore field evidence which later workers disputed (e.g. Sissons, 1974, 1981; Price, 1975,
1977; Cutler, 1979; Section 2.5.4.4).

After 1926 there occurs a sedentary period with respect to publications until the appearance of
the 1* edition of the geology guide to the ‘South of Scotland’ in 1935. This volume was edited
by J. Pringle and appeared in revised form in 1948 with few alterations made to the original
manuscript. In the chapter on ‘Glacial and Superficial Deposits’ the model of glaciation
presented by Geikie (1901) and Charlesworth (1926a) is replicated with little comment (Figure
1.7). These publications were prepared by the then Geological Survey and were based upon the
published 1:63 360 geology maps (combined solid and drift) and accompanying memoirs.
Some of the memoirs date from the late nineteenth century (e.g. Whithorn from 1873)
indicating the long history of geological mapping in south-west Scotland. In 1981 the 1:50 000
scale sheets were released and the solid and drift geology separated for the first time and
published as separate maps. These new maps provide invaluable information for any study of

Quaternary events in the United Kingdom. The most recent edition of the ‘South of Scotland’
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Chapter 10 Introduction

was published in 1971 and edited by D.C. Greig. The chapter on the ‘Pleistocene and Post-
Glacial’ is based largely on the pioneering work of Charlesworth (1926a, b) and maintains the

concept of a readvance.

During the period 1926 to 1979 no further published investigations, to the knowledge of the
author, were produced which concentrate upon Late Devensian ice sheet reconstruction in
south-west Scotland. However, a recent revival of interest over this subject has taken place in
the form of authoritative studies by Cutler (1979) and Kerr (1982a). Both investigations pursue
the origin and nature of ice movements, and glaciation chronology, over the Machars of
Wigtownshire and the Rhins of Galloway respectively, basing their interpretation upon
evidence gathered from till fabrics, erratics, striae and drumlin orientations. Of significance
throughout the Rhins is a swing in the trend of the drumlins, identical to that noted earlier on
the Machars, from the dominant north-east to south-west trend which is particular to the eastern
area of the peninsula. The trend is so persistent that Kerr (1982a) has divided the drumlins of
the Rhins of Galloway into two zones (Figure 1.8). The majority (Zone I) conform to the
dominant ice movement direction as determined by fabric analysis and are aligned north-east to
south-west. The dominant direction in Zone II is at right angles to this with drumlin axes

aligned north-west to south-east.

Following deglaciation of the main Devensian ice sheet, the mountains which have the greatest
elevations nourished small glaciers in what is customarily called the ‘Loch Lomond
Readvance’ (Section 2.5.4.5). Among many of the north-facing corries have been left
remarkably fresh looking morainic deposits which Jolly (1868) noted. Cornish (1981) has
described these deposits and Moar (1969) produced pollen diagrams from lake deposits, which
placed the readvance in the period 10 200-10 000 yrs B.P. Charlesworth (1926a) referred to this
readvance as the ‘Corrie Stage’ and Cutler (1978) the ‘Corrie-Merrick Stage’. During the Loch
Lomond stadial the lowlands, while free from ice, would have experienced periglacial
conditions. Watson (1977) refers to ice wedges at Newton Stewart and a review of the regional
evidence can be found in Galloway (1969). Similarly, a review of Late Devensian
environmental conditions in south-west Scotland is provided in Bishop and Coope (1977).
Moar (1969) discusses the pollen diagrams which have been produced from the region which

suggest that most of Galloway would have been ice free by 12 500 yrs B.P.
Investigations into Late Quaternary shorelines and coastal deposits are extremely scarce in
south-west Scotland perhaps because of the perplexing interplay between eustatic changes in

sea-level related to continuous change in the volumes of the world’s glaciers, and isostatic
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uplift of the land due to the removal of the ice load (Kerr, 1982b). The complexity of

unravelling the field evidence is described by Jardine (1977, p. 100):

“Evidence of former high levels of the sea in relation to the land takes various
forms. Remnants of old sea cliffs now some distance inland or high above present
sea level, raised shore platforms cut in solid rock or in glacial till, river terraces
graded to heights above sea level, raised estuarine beach or coastal sediments of
saline or brackish water environments all bear witness to former sea levels
relatively higher than at present”.

The first work to be published in this field was by Donner (1963), who described the ‘Late and
Postglacial beaches of Scotland’. Evidence was recorded for marine transgression at seven sites
along the Solway Firth coastline and discussed in terms of a ‘Lateglacial 100 foot beach’ and a

‘postglacial 20 foot beach’. This work has since been advanced by Jardine (1971, 1975, 1977).

1.4.2: Present status of the glacial history of south-west Scotland

It is strikingly apparent from the review above that British geomorphologists over the last
century have made little effort to avail themselves of the opportunity to apply modern
multidisciplinary approaches in an area which offers a remarkable regional diversity of
landforms and Quaternary deposits. As Table 1.1 illustrates there is an unexplainable scarcity
of research conducted in south-west Scotland throughout the history of Quaternary studies.
Many investigations that have been published, have devoted themselves to particular aspects of
glacial phenomena (e.g. Jardine, 1964; Galloway, 1969) rather than advancing the earlier work
of Geikie (1901), Gregory (1925) and Charlesworth (1926a, b). These studies may be viewed
by the individual as important for the advancement of their particular interest in Quaternary
research, but they fail to provide any significant clarity to the regional-scale picture.
Furthermore, the aims and approaches of individual workers involved with such research has

been equally varied, leading more often than not to contrasting results and opinions.

Despite the long history of glacial research in south-west Scotland, an appreciation of the scope
of glaciation in shaping the evolution of the landscape has only started to widen over the last
two decades, explaining the fifty year gap of research in the region. Parallel to this explanation
can be reiterated the fact that sedimentological analysis of glacial deposits appears to have only
recently engaged researchers in Galloway (e.g. Cutler, 1979; Cornish, 1981; Kerr, 1982a;
Section 1.2.1). Therefore the current status is that there has been a restricted growth in the
sophistication and level of Quaternary studies in south-west Scotland compared to that of other
parts of the British Isles. Consequently, the current glaciological community still relies heavily

on the efforts of the pioneering studies which may potentially have failed to effectuate the
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maximum resolution of available field evidence. The need for this cautionary note is warranted
given the role played by south-west Scotland in the broader context of glaciation in the Irish

Sea Basin (Kidson and Tooley, 1977). A full treatment of this subject is presented in Chapter 2.
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1.5: Synopsis

This chapter has outlined the following points:

* During the maximum extent of the Dimlington Stadial, major ice dispersal centres in
Scotland were located in the mountain massifs of the Northern and West Grampian
Highlands and the Southern Uplands of south-west Scotland.

¢ The central location of south-west Scotland in relation to the Scottish Highlands, north-west
England, north-east Ireland, north Wales and the Isle of Man is of fundamental importance
in the context of correlating the Late Devensian glaciation of these adjacent areas.

¢ There has been no regional synthesis which would place south-west Scotland in the context
of Quaternary events in Northern Britain. The area has been considered as an ‘appendage’ to
the research of other peripheral regions.

e The accuracy of many early studies throughout the British Isles is questionable, given that in
recent years several major deficiencies in applied traditional approaches have been
identified. Modern regional studies have identified and placed greater emphasis upon links
between sediment-landform association and genetic processes than conventional
lithostratigraphic practices.

* The status of readvances in south-west Scotland is based on evidence which is suggestive,
but not equivocal.

* Palaeoenvironmental interpretation of glacigenic sequences on the north-east seaboard
margin of the Irish Sea have failed to take account of influences that a marine ice sheet
might have had on the sedimentary record.

* Quaternary research in south-west Scotland has never attracted the volume of work as in
other regions of Scotland, despite its regional diversity of landforms and Quaternary
deposits. Reference has been made to this region as one of the ‘black-holes’ in Scottish
glacial geology.

* The current glaciological community still relies heavily upon the efforts of the pioneering
studies of Geikie (1901), Gregory (1925) and Charlesworth (1926a, b). This emphasises the

static state of Quaternary studies in Galloway and Carrick throughout the twentieth century.

A general overview of landscape characteristics, pre-Quaternary geological history and

Quaternary deposits of the Carrick and Galloway districts has also been accommodated.
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CHAPTER TWO

Glaciation within the Irish Sea Basin

2.1: Introduction

One of the main directions of this research is to establish a regional synthesis which will place
the Galloway and Carrick districts of south-west Scotland in the context of Quaternary events
in the Irish Sea Basin. It is therefore necessary to address this theme from a wider perspective.
This chapter explores the structural and stratigraphic development of the Irish Sea Basin and

the imprint left by episodic glacial and interglacial events.

The first half of the chapter commences with a description of the physical characteristics of the

Irish Sea Basin (Section 2.1). This is followed by a chronological account of pre-Devensian and

Table 2.1 The Quaternary and its divisions in relation to the geological time-scale. (Modified from Lowe
and Walker, 1984 and Gordon, 1997).
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Devensian events (Sections 2.2, 2.3) which leads to an assessment of full glacial ice dynamics
as currently inferred for south-west Scotland and the Irish Sea Basin (Section 2.4). The second
half of the chapter concentrates on deglacial events by addressing the following issues
(Sections 2.5, 2.6): (1) proposed models of deglaciation (terrestrial and marine); (2) ice sheet
readvances and oscillations; and (3) classification of depositional systems throughout the Irish
Sea Basin. Finally, an overview is provided of sea-level history in this region (Section 2.7).

Table 2.1 summarises the geological time-scale referred to in this chapter.
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Chapter 2: Glaciation within the Irish Sea Basin

2.1.1: Physical setting of the Irish Sea Basin

The Irish Sea Basin (4000 km? lies at the centre of the British Isles, and is surrounded by
Ireland, southern Scotland, north-west England and North Wales (Figure 2.1). The Irish Sea has
restricted outlets to the Atlantic Ocean through the graben-like North Channel in the north-west
separating south-west Scotland from Northern Ireland (<20 km), and through the St. George’s
Channel to the south constricted by the Pembroke Peninsula of south-west Wales and the Lléyn
Peninsula of North Wales (<60 km). Centrally the basin broadens to over 230 km at its widest

point immediately south of the Isle of Man.

A strict demarcation of the Irish Sea Basin would confine it to the area stretching between
England and Ireland, however for convenience of description it is more practicable to regard all
the sedimentary basins (North Channel Basin, Stranraer Basin, Solway Firth Basin, East Irish
Sea Basin, Peel Basin, West Irish Sea Basin, Central Irish Sea Basin, Cheshire Basin,
Caernarfon Bay Basin, Kish Bank Basin, St George’s Channel Basin; Naylor and Shannon,
1982; Jackson et al., 1995) lying between the whole of Great Britain and Ireland as the ‘Irish
Sea Basin’ (Figure 2.2). That part lying north of a line from Holyhead, North Wales to Dublin,
Southern Ireland may be described as the northern Irish Sea Basin with the area to the south as
the southern Basin (Kidson, 1977). Increasingly, the term “Celtic Sea” has come to be applied
to the area between the south coasts of Ireland and Wales and the Atlantic coast of Cornwall,
south of the southern approaches to St. George’s Channel. The offshore area considered in this
section is bounded to the north and south by latitudes 55° 20° N and 52°N (c. 360 km), within
which it extends to the coasts of south-west Scotland, Northern Ireland, England, north-west

Wales and the Republic of Ireland, and surrounds the Isle of Man.

Bathymetrically, the Irish Sea Basin is largely composed of platforms (<60 m water depth)
bordering the Scottish, English, Irish and Welsh coasts (e.g. Solway Firth, Liverpool Bay,
Cardigan Bay, Caernarfon Bay), within which there are very localised enclosed deeps giving
water depths down to 137 m (Eyles and McCabe, 1989a; Jackson et al., 1995) (Figure 2.1). An
extensive deep-water zone is formed by a sinuous, north-to-south trough, 30 to 70 km wide,
that extends from off Islay in the north, through the North Channel, the Manx Depression and
the St. George’s Channel, to the Celtic Deep (Jackson ef al., 1995). In this trough water depths
are generally 60 to 120 m but, as on the platforms, deeper waters lie in separate, elongate,
enclosed deeps. The most notable deeps are located within the physiographically complex
Beaufort’s Dyke in the North Channel, which is locally 318 m in depth (Jackson et al., 1995).
For means of classification Jackson et al. (1995) have divided bathymetric features on the Irish

Sea floor into five characteristic zones:
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Figure 2.1 Physiographic setting and bathymetry of the Irish Sea Basin and surrounding waters. (From

Eyles and McCabe, 1989).
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(1) Estuaries and coastal embayments that have water depths ranging between high water mark

and about 10m.

(2) Inner-shelf platforms that vary in width from 5 km to greater than 100 km and generally
have gentle shelf gradients of 1:100 to 1:2000, with steeper slopes only near open coasts and
where sea-floor rock outcrop creates a rugged topography. Water depths on the inner shelves

normally range from 10 to 60 m.

(3) The Western Trough, which is the broad trough of subdued slopes of gradient 1:50 or less,
running sinuously from the North Channel to St. George’s Channel through the western Irish
Sea. It forms a zone up to 80 km wide varying in depth from 60 to over 140 m, and forms the

central part of the Celtic Trough.

(4) Enclosed deeps that form areas less than 5 km wide, generally up to 30 km long, and form
10 to 165 m deeper than the surrounding sea floor. They all display similar dimensions, have
smooth sides and floors, are rather irregularly shaped in plan, and have side gradients less than

1:10 (Wingfield, 1989).

(5) Rocky prominences that are predominantly areally restricted zones of rugged topography
caused by rocky outcrops at headlands, islets, and shoals; thus this category is generally

associated with coastal margins

2.1.2: Pre-Quaternary geological history of the Irish Sea Basin

2.1.2.1: Physiographic setting

Large sections of the Irish Sea coastline are situated close to, and run subparallel to, main
basin-margin faults or other elongate structure lines (Jackson et al., 1995). Nevertheless, no
particular time period can be assigned to the evolutionary structural sequence which has
developed this association, although each successive structural phase is initially dependent on
former events (Moseley, 1972). The solid geology outcrop pattern of the Irish Sea Basin can be
broadly divided along the Anglesey - Isle of Man Ridge from the Mull of Galloway (SW
Scotland), through the Isle of Man, to Anglesey (NW Wales) (Figure 2.2). To the east and west
of this structural high a number of Carboniferous - Triassic and younger sedimentary basins are
present. The majority of these main basins and associated structural depressions owe their
siting to regional downwarping and subsequent block faulting and graben development

probably during the latter stages of the Hercynian Orogeny (Dobson, 1977a).

The Solway Firth Basin, which lies immediately south of the Kirkcudbrightshire coast in the

north-east Irish Sea, has been shown by gravity data to be underlain by a narrow north-east
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trending basin (Jackson et al., 1995) (Figures 1.5, 2.2). This trough, strongly influenced by the
trend of the basement rocks, extends from the northern tip of the Isle of Man towards the
onshore Permo-Triassic basin of the Carlisle - Vale of Eden area. It is contiguous with the
north-west trending Stranraer or Loch Ryan Basin (Figure 1.5) which extends from the
Southern Uplands Fault line and is bounded on the east by the Loch Ryan Fault (Kelling and
Welsh, 1970). On the coast at Loch Ryan, Permian rocks have been recognised but offshore
correlations are difficult (Dobson, 1977a). Permo-Triassic rocks exposed on the Isle of Man

represent an extension of the Solway Firth Basin.

The East Irish Sea Basin is a much more expansive half-graben feature by comparison with the
other basins of this region and is less obviously influenced by the underlying structural
framework (Jackson et al., 1995) (Figure 2.2). The northern margin is formed by the Lower
Palaeozoic rocks of the Southern Uplands of Scotland (Section 1.3.2) while to the east lie the
Carboniferous uplands of the western Pennines and the Lower Palaeozoic uplift of the Lake
District. The southern margin is formed by the Lower Palaeozoic uplift of North Wales and
further west lies the Precambrian complex of Anglesey (Jackson et al., 1995). Many of the
intrabasinal faults have a north-west to south-east alignment subparallel to the English
coastline. Geophysical evidence points to the existence of a buried Palaeozoic ridge dominated
by a series of granites (Dobson, 1977a) connecting the Isle of Man (Ramsey) to the Whitehaven
area at the north-west of the Lake District massif. The East Irish Sea basin is contiguous with
the onshore Triassic rocks of the Liverpool - Wirral area and thence is bounded to the Cheshire

Basin by a relatively shallow sill.

In the western portion of the Irish Sea Basin (Central Irish Sea and West Irish Sea Basins),
PreCambrian to Carboniferous strata outcrop predominantly, although the nature and extent of
the Permo-Triassic is limited (Dobson, 1977a) (Figure 2.2). The smaller Triassic North
Channel and Permo-Triassic Peel and Caernarfon Bay basins occur respectively to the north
and south of these older lithologies (Figure 2.2). The North Channel Basin is a complex
asymmetric fault-bounded trough with a dominant north-east to south-west structural regime
controlled by the major faults which frame the Midland Valley of Scotland, to the north of the
Southern Uplands massif (Dobson, 1977a). Immediately east of Dublin the north-east to south-
west aligned half graben Kish Bank Basin contains a sequence (> 4.km depth) of Permo-
Triassic to Liassic (Lower Jurassic) age overlain by a Carboniferous succession which in turn
rests unconformably on a Lower Palaeozoic basement (Dobson, 1977a; Jackson et al., 1995).
Major faults along the northern and south-west margins of the basin ensure a marked

asymmetry for the sedimentary fill (Dobson, 1977a).
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Chapter 2: Glaciation within the Jrish Sea Basin

2.1.2.2: Structural and stratigraphic development

The following account attempts to trace the main sequence of events within the Irish Sea Basin,
as outlined by Jackson et al. (1995), since the PreCambrian period. The basic regional
framework responsible for the orientation and form of the basins/blocks within the Irish Sea
Basin is suggested to have had a profound influence on glacial and post-glacial events, both
offshore and on the seaboard margins (Dobson, 1977a). For reasons of simplification,
necessary generalisations have been applied where appropriate together with periods where the

stratigraphic record is incomplete as a result of limited geophysical data at depth.

PreCambrian and Lower Palaeozoic rocks occur around much of the Irish Sea in Ireland, south-
west Scotland (Section 1.3.2), the Lake District, North Wales, and on the Isle of Man. The
offshore limit of these rocks has been delineated mainly from seismic records whereby their
structureless internal character distinguishes them from younger bedded strata (Wright e al.,
1971). The Lower Palaeozoic succession which fringes the periphery of the Irish Sea Basin is
largely composed of marine mudstones and turbiditic sandstones, with intercalated volcanic
and intrusive rocks (Jackson et al., 1995). The strata were deposited near the margins of the
PreCambrian to Early Palaeozoic Iapetus Ocean, which extended from Scandinavia through the
British Isles to Newfoundland (Soper and Hutton, 1984). As detailed in Section 1.3.2,
sedimentary rocks of Ordovician to Silurian age, deposited on the northern margin of that
ocean, now form most of the Southern Uplands mountain belt, which evolved in response to
northward-directed subduction and uplift of the newly created continent of Laurasia in the final
stages of the Caledonian Orogeny (Middle Devonian) (Leggett et al., 1979; Stone et al., 1987).
Resulting stress relaxation in the region during the final stages of deformation was
accompanied by the contemporaneous emplacement of plutonic masses of granites and
granodiorites (i.e. main summits in Carrick and Galloway) (Murphy, 1987). Continued
subduction closed the Iapetus Ocean and terminated this episode of basin development by Late

Silurian to Early Devonian times.

By the end of the Caledonian Orogeny the newly generated landmass created by the closure of
the Iapetus Ocean was subsequently uplifted and subjected to subaerial erosion (Holland,
1981). Devonian rocks are thus part of a continental facies (as opposed to marine) termed the
Old Red Sandstone which extensively outcrops in parts of Britain. Devonian strata have not
been recovered offshore, but seismic evidence and extrapolation of onshore geology suggest
that they are likely to locally exist (Jackson er al., 1995). Within the Irish Sea Basin and

peripheral onshore areas however only isolated outliers of Devonian rocks are currently
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preserved on Anglesey, the Isle of Man, in the eastern Lake District, southern Scotland, and in

County Antrim,

The Irish Sea was the site of major deposition not only from Cambrian to Devonian times, but
also during the Carboniferous, Permian, and Triassic, when each episode of basin development
corresponded to a time of subsidence, sedimentation and deformation (Jackson and
Mulholland, 1993). There is limited evidence for other episodes of deposition, although the
products are commonly no longer preserved as has been particularly highlighted by Stone
(1996) in south-west Scotland. During the Early Carboniferous, a tensional stress regime was
established: this gave rise to a series of grabens and half-grabens which controlled

sedimentation patterns throughout most of the Carboniferous Period (Gawthorpe et al., 1989).

Carboniferous strata subcrop extensively beneath Quaternary deposits in the western part of the
Irish Sea, and are considered to underlie a thick Permo-Triassic cover over most of the
remainder of the area (Jackson et al., 1995). Onshore, they crop out in Northern Ireland, the
Republic of Ireland, southern Scotland, the Lake District, the Pennines, North Wales, and on
the Isle of Man. Over most of the Irish Sea, the Carboniferous rests unconformably on folded
Lower Palaeozoic rocks (Jackson ez al., 1995). During the Carboniferous Period, the British
Isles passed through equatorial latitudes and endured a hot, wet climate. In the Early
Carboniferous times, the region lay to the south of the Equator, but movement related to the
collision of the Eurasia and Gondwana continental plates resulted in northerly drift, so that by
the beginning of the Permian, the region lay in the northern hemisphere (Johnson and Tarling,
1985). The climate changed gradually and moist, subtropical conditions gave way to a desert
environment in the Late Carboniferous and Early Permian (Jackson et al., 1995). Throughout
such times, large parts of the major Lower Palaeozoic massifs such as the Southern Uplands in
the north remained above sea level. A wide variety of facies are thus present in the
Carboniferous of the region, and are thought to occur widely in the West Irish Sea Basin.
Terrestrial, fluviodeltaic and marginal-marine sequences occur onshore in the fault-bounded

Solway Firth Basin, indicating a range of sedimentary environments (Jackson et al., 1995).

Within the Irish Sea Chadwick (1985) has applied a schematic model for the development of
the Permo-Triassic Basins of the British Isles. It is suggested from the implications of this work
that thick Lower Permian sediments and, locally, extrusive igneous rocks are confined to
narrow grabens and half-grabens in Northern Ireland, south-west Scotland and the southern part
of the East Irish Sea Basin. These centres of deposition are arranged peripherally to the centre

of the East Irish Sea Basin. Seismic evidence also suggests that Permian strata are also
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specifically present beneath the Triassic in the North Channel, Solway Firth and Kish Bank
basins (Jackson et al., 1995). In the Caernarfon Bay and Central Irish Sea basins, their presence
beneath younger beds is more speculative (Barr et al., 1981), and they are thought to have been
removed by erosion over a wide area of the West Irish Sea Basin. The Permian succession in
the Irish Sea is subdivided into Lower Permian, largely continental redbeds, and Upper
Permian, mainly marginal-marine and evaporitic deposits. The former continental type
sediments include dune sands, alluvial fans and playa lake material and fluvial sequences.
Widespread marine incursion and shallow-water conditions prominent at the beginning of the

Late Permian account for the latter cycles (Jackson et al., 1995).

During the earliest Permian, topography was structurally controlled by north-north-westerly
and north-easterly trending active faults. Local volcanic activity was contemporaneous with the
earliest sedimentation though confined to the Early Permian; lavas and pyroclastic rocks occur
in both Northern Ireland, south-west Scotland and possibly in the centre of the East Irish Sea
(Hardman, 1992) and south Cumbria. Around the Irish Sea, the Lower Permian is restricted to
narrow grabens and half-grabens; it invariably rests unconformably on the Carboniferous, and
is overlapped by Upper Permian sediments, particularly on the edges of half-grabens and at
basin margins (Jackson and Mulholland, 1993). During the Permian independently subsiding
grabens and half-grabens acted as isolated depocentres; particularly in the case of the East Irish
Sea and Cheshire Basins. The greatest thickness of Lower Permian strata is found in the rift
basins on and towards the perimeter of the Irish Sea; these deposits appear to thin towards the
centre of the East Irish Sea Basin. By contrast, the Upper Permian strata show a regional
increase in thickness towards the centre of this basin (Jackson et al., 1995). In later Permian
and Early Triassic times, the East Irish Sea Basin became linked to the Cheshire Basin creating
a single depositional environment. In the North Channel Basin over 1000 m of Lower Permian
sedimentary and igneous rocks have been proved, and over 1400 m of sedimentary rocks are

estimated to occur in the Solway Firth Basin (Jackson et al., 1995).

Variations in thickness and lithology demonstrate that the East Irish Sea and Solway Firth
basins subsided independently throughout the Permian; the Solway Firth Basin successions are
dominated by relatively thick aeolian deposits during the Early Permian, whereas the northern
East Irish Sea Basin is characterised by thick evaporites during the Late Permian (Jackson et
al., 1995). Lithological evidence also suggests that the Ramsey-Whitehaven Ridge, which had
been active throughout much of the Carboniferous, continued to exert an influence on
sedimentation by separating the East Irish Sea Basin from basins to the north (Jackson et al.,

1995).
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Rapid regional subsidence continued further throughout the Triassic and into the Early Jurassic,
punctuated by limited uplift of the Welsh massif, and some renewed faulting. The major Lower
Palaeozoic highs of the Longford-Down Massif, the Southern Uplands Massif, the Lake
District Massif, the Isle of Man, the Ramsey-Whitehaven Ridge, and the Welsh Massif,
continued to influence sedimentation patterns during the Triassic (Jackson et al., 1995).
Triassic strata are thus widespread in the Irish Sea Basin, where they lie conformably upon, and
locally overlap, Late Permian rocks. At a few localities in and around the area, they are
overlain by Lower Jurassic strata, but the Triassic generally subcrops Quaternary sediments
(Jackson et al., 1995). Subsidence continued in all the major depocentres throughout the Late
Triassic and into Jurassic times, particularly throughout the Liassic allowing for thick sediment
accumulation (Dobson, 1977b). Whilst the deposition was widespread present day Lias Group
sediments are limited mainly to the Solway Firth Basin, the Cheshire Basin, the Kish Bank
Basin, the St. George’s Channel Basin, and crop out onshore in Northern Ireland (Dobson,
1977b; Jackson et al., 1995). On the periphery of the offshore area, Lower Jurassic rocks are
preserved in Northern Ireland beneath the protective capping of early Paleogene lavas, and
small outliers of Lower Jurassic sediments are preserved in the Cheshire Basin. Offshore in the
East Irish Sea Basin, proven rocks of Early Jurassic age are restricted to an erosional outlier in
the Keys basin (Jackson et al., 1987). Other occurrences are inferred in the Solway Firth Basin,
largely on the basis of seismic interpretation and regional considerations. Jurassic sediments

are possibly present in the Central Irish Sea and Caernarfon Bay basins (Jackson et al., 1995).

No Cretaceous rocks are known offshore other than small outcrops from beneath lavas of
Northern Ireland. It is likely that thin Upper Cretaceous limestone and chalk were deposited
extensively over much of Ireland and the Irish Sea area (Wilson, 1972, 1981; Cope, 1984).
Proven offshore occurrence of Cretaceous strata in the area is restricted to a small outcrop on
the west side of the North Channel Basin; this is a continuation of the Northern Ireland outcrop.
On the basis of the distribution of flint erratics found on the eastern coast of Anglesey, Greenly

(1919) suggested that a Cretaceous outlier might occur in the East Irish Sea Basin.

Following widespread marine inundation in the Late Cretaceous, the beginning of the Tertiary
was a time of considerable change in the vicinity of the British Isles. Rifting and increased
thermal activity associated with the opening of the north-east Atlantic in the late Palaeocene
(56 Ma - Dewey and Windley, 1988) resulted in uplift and extensive volcanic activity on the
continental margins, including northern and western Britain. To the south of Britain, the
northward movement of Africa towards Europe produced the Alpine orogeny, which reached

its maximum during the mid-Tertiary. Compression related to this intense tectonic activity
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resulted in uplift towards the north-west in part of Britain and the removal of a considerable
thickness of Permian to Early Triassic sediment (Jackson e¢ al., 1987; Jackson and Mulholland,
1993). The only Tertiary sediments currently identified offshore are restricted to the Central
Irish Sea, Kish Bank and St. George’s Channel Basins, extending to the Celtic Sea in the south
(Tappin et al., 1994). The Pliocene now present may, however, be only a remnant of its former
thickness, the irregularities of the upper surface testifying to the effects of the Quaternary

(Dobson, 1977b).

2.1.3: Pleistocene and Holocene stratigraphy of the Irish Sea Basin

The Pliocene and early Pleistocene witnessed a period of erosion and uplift across the Irish Sea
region (Dobson and Whittington, 1987), following which, extensive sedimentation occurred in
the Mid- to Late Pleistocene. Detail concerning the thickness and distribution of Quaternary
drift on the floor of the Irish Sea Basin is limited and is derived from the results of offshore
seismic and drilling programmes (Wright et al., 1971; Wilkinson and Halliwell, 1979). Both
Pleistocene and Holocene deposits are recognised by their striking unconformable relationship
with underlying pre-Quaternary strata and by their commonly occurring sub-horizontal

stratification (Jackson et al., 1995).

In general, drift thickness, including both Pleistocene deposits and Holocene marine sediment,
averages less than 20 m over most of the Irish Sea Basin but there are few areas of any extent
where bedrock is exposed on the sea floor (Thomas, 1985). Very thick local accumulations of
Quaternary sediments range up to 300 m, but even the thickest sequences include major erosion
surfaces, and nowhere has deposition been continuous (Jackson et al., 1995). Extensive thick
deposits (>100 m) are confined within a 25 to 80 km-wide trough roughly coextensive with the
deepest waters of the Western Trough. Flanking this trough to the east and west respectively
are the Eastern and Irish Platforms where Quaternary deposits are generally less than 50 m
thick (Jackson er al, 1995). Detailed investigations in certain areas, using closely-spaced
geophysical traverses, have identified very considerable variation in both drift thickness and
bedrock topography. Thus in the area of the basin stretching from the Isle of Man to the Lake
District drift thicknesses locally reach 120 m in the base of channels incised into underlying
bedrock. It is considered by Wingfield (1989) that these major incisions are of a glacigenic
origin (Section 2.3.2.2). Many incisions on the platforms are filled with sediment up to 200 m
thick in localised, enclosed depressions that are less than 5 km wide and up to 40 km long
(Jackson et al., 1995). Some incisions, both on the platforms and in the Western trough, are
incompletely filled and are marked by elongate, enclosed bathymetric deeps (Jackson et al.,

1995).
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Borehole records (Wright et al., 1971; Wilkinson and Halliwell, 1979) and acoustic profiles
(Belderson, 1964; Pantin, 1979) suggest that the Quaternary succession underlying the Irish Sea
is relatively uncomplicated and consists of a tripartite sequence (Figure 2.3). Although there are
variations from area to area the succession generally conforms to one of an upward transition
from till, to proglacial sediment, to marine sediment, each bounded separately by a marked
unconformity (Pantin, 1975, 1979). The rockhead is overlain over most of the area by a more or
less continuous mantle of till a few metres thick. This is relatively uniform lithologically and
comprises a stiff, reddish-brown mud with erratic pebbles (Thomas, 1985). Usually there are no
signs of internal stratification from acoustic readings, but a faint diffuse banding may persist

locally (Pantin, 1977). In some parts of the north-eastern and western sector of the Irish Sea

BOREHOLE
73/50

Inferprefation Reported lithology

Marine sediments Clay (soft, grey, sifty)

Proglacial water-laid Cobbly till (with possible

sediments gravelly and sandy lenses)
Till Till (farge boulders)
Rockhead Medium sandstone

(reddish-brown)

loﬂ )

Figure 2.3 Diagram of Irish Geological Survey borehole 73/50 demonstrating a tripartite sequence of
Quaternary sediment. (Modified from Pantin, 1977).

Basin the till comes within 1 m of the sea bed being directly overlain by thin marine sediments
(Pantin, 1975, 1977). Till covering the rest of the region is overlain by a unit of well-bedded

sediments, up to several tens of metres thick (Pantin, 1977).

Comparison of acoustic profiles, vibrocores and borehole evidence reveals that over much of
the area, the unit immediately overlying the till consists of proglacial water-laid sediments,
apparently deposited in a proglacial lagoon (Pantin, 1975, 1977). These sediments are
characteristically muddy, with thin sand and coarse silt laminae which are frequently
numerous, and occasional beds of coarser sediment up to cobble size (Thomas, 1985).
Dropstones are common and thin intercalated till units, similar to iceberg dump structures or

bergmounds (Thomas, 1985), also occur. Overlying the proglacial unit, and extending up to the
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present sea floor, is a series of marine beds* whose components (mud, sand and/or gravel) vary
widely in amount depending upon horizon and locality (Pantin, 1975, 1977; Thomas, 1985). In
localities where the marine beds are sufficiently thin to allow cores to reach the underlying
proglacial deposits, the cores always reveal an abrupt, unconformable contact between the two
units (Pantin, 1977). Where the beds are thicker, acoustic profiles generally indicate an upward
transition varying from an abrupt discontinuity to a moderately rapid change-over (Pantin,
1977). The age of the marine beds is thought to range from Late Devensian through Flandrian

to the present day.

Subsequent recognition of further correlative units gained from seismic profiles has since
allowed Hession (1988) to divide the Quaternary deposits of the Irish Sea into six formations,
as adopted by the British Geological Survey. In order of decreasing age these are: the Bardsey
Loom, Caernarfon Bay, St George’s Channel, Cardigan Bay, Western Irish Sea and Surface
Sands Formations. These formations are seen to largely overlie one another in the Western, St.
George's Channel and Celtic Deep Troughs, although nowhere are all the formations present.
Lateral transition, including interdigitations, occurs between the Cardigan Bay Formation and
the Western Irish Sea Formation thereby qualifying the interpretation (Jackson et al., 1995). By
analogy with the threefold division of the North Sea Quaternary sequence, where major
incisions” (erosion surfaces) are dated as Late Elsterian, Late Saalian and Late Devensian
(Cameron et al., 1987), Wingfield (1989) proposed that a crude event stratigraphy can be
applied to the offshore Quaternary sequences of Britain. This framework, when applied to the
sequences interpreted by Hession (1988) in the Irish Sea Basin produces the correlations

illustrated in Figure 2.4.

BARDSEY LOOM FORMATION

This formation has been recognised as the oldest Quaternary strata and therefore is confined to
the Western Trough in St George’s Channel, where they are deeply buried. The deposits
generally occupy shallow basins within rockhead some 3 to 10 km wide and consist of beds up
to 50 m thick (Tappin er al., 1994; Jackson et al., 1995). No samples have been obtained from
these deposits but their acoustic signature may be tentatively interpreted as rudimentary

bedding within shallow channels, possibly indicating a fluviatile or shallow-marine

* The term “marine beds” is adopted here in a broad sense, and includes possible estuarine or intertidal
sediments, in addition to deposits associated with a normal ‘marine’ environment. The term has not been
used for any of the proglacial beds as it is thought inappropriate for the type of environment in which
these sediments are envisaged to have been deposited.

* Major incisions are defined by Wingfield (1990) as eroded, enclosed depressions cut into the continental
shelf or adjacent lowlands and attaining dimensions greater than 100 m incised depths and 2 km widths.
Such major incisions have lengths of less than 30 km, widths up to 5 km and incised depth to 360 m
(Wingfield, 1989).
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environment (Jackson et al., 1995). In the Celtic Trough, the Bardsey Loom Formation
comprises beds of clay, sand, pebbly sand and gravel with layers of peat (Tappin ez al., 1994).
The deposits have a sparse microbiota indicative of a cold environment (BGS Biostratigraphy
Group), and given their position at the base of the Quaternary sequence they are tentatively
assigned a pre-Elsterian age (Tappin et al., 1994). This contention is further supported by

amino-acid ratio determination.

CAERNARFON BAY FORMATION

This formation consists of four informal members: the Lower Unstratified, Bedded, Incision
Infill and Upper Stratified members separated by a major erosion surface marking the first
generation of major incisions (Tappin et al., 1994; Jackson et al., 1995). The Lower
Unstratified deposit is up to 70 m thick, and occurs largely in the Western and Celtic Deep
Troughs, but also on the platform margins in Caernarfon Bay, north-west of Holyhead. The
member either rests upon the Bardsey Loom Formation with apparent conformity, or overlies a
subhorizontal unconformity above pre-Quaternary rocks (Tappin et al., 1994; Jackson et al.,
1995). The acoustic signature of this member implies that it is composed of unsorted material
deposited in subglacial or ice-proximal conditions (Jackson e al, 1995). Since the erosion
surface above this member is considered to relate to Late Elsterian glaciation (Wingfield,

1989), these sediments are believed to be of earlier Elsterian age.

The Bedded member comprises deposits up to 35 m thick in the St. George’s Channel Trough
and 70 m in the Celtic Deep Trough where it is more widely preserved (Tappin et al., 1994). In
the St. George’s Trough the restricted remnants of this member either grade laterally into the
Lower Unstratified member, or conformably overlie it (Tappin et al., 1994). The depositional
setting is unknown, but the member is truncated by the Late Elsterian erosion surface therefore
immediately predates it (Tappin et al., 1994). Within the Bedded member, and into the
underlying older Pleistocene strata, and up to 150 m of pre-Quaternary bedrock, exist boat-
shaped depressions more than 200 m thick (Tappin et al., 1994). Post-dating or coeval with
these eroded depressions rests the Incision Infill member which is characteristically more than
200m deep and considered to be of Elsterian age (Tappin et al., 1994). The final member of the
Caernarfon Bay Formation is the Upper Unstratified member which is well developed
throughout the Celtic Deep and St. George’s Channel troughs, as well as in central parts of
Cardigan Bay on the Welsh Platform (Tappin et al., 1994). In the Celtic Deep trough these
deposits both underlie, and pass laterally into, the St. George’s Channel Formation (Tappin et

al., 1994).
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Chapter 2: Glaciation within the Irish Sca Basin

ST GEORGE’S CHANNEL FORMATION

This unit occurs in the southern part of the Western Trough and exclusively within the Celtic
Trough, but also extends on to the adjacent platforms, e.g. Caernarfon Bay (Tappin et al.,
1994). 1t consists of deposits generally 30 to 65 m thick, however attains 125 m in the Celtic
Deep. The formation has not been sampled within the main Irish Sea Basin although further
south three boreholes through the St George’s Channel Formation proved muds with minor
shell debris and sporadic pebbles (Tappin er al., 1994). Although these thick sequences have
been previously described as temperate marine interglacial deposits of possible Ipswichian age
(Jasin, 1976; Garrard, 1977; Whittington, 1980; Hession, 1988), it is currently disputed that the
abundant macro- and microfauna are of boreal, cold waters that suggest arctic-like,
glaciomarine, depositional conditions (Jasin, 1976; D.M. Gregory and R. Harland, written
communications, 1985, 1987). In view of this information, and its position within the
Quaternary sequence, Jackson et al. (1995) propose an early Saalian age for the St George’s

Channel Formation.

CARDIGAN BAY FORMATION

The Cardigan Bay Formation comprises Upper and Lower Till members between which lies a
middle member, the Bedded and Infill member, composed of lenticular infills of major
incisions (Tappin et al., 1994; Jackson et al., 1995). All three members can be found in
sequence in the troughs alone, although the Upper Till member is widely represented on the
platforms, as, to a lesser extent, is the Bedded and Infill member (Tappin et al., 1994). The

Upper and Lower Till units pass southward into thinner sands and gravels (Tappin et al., 1994).

The Lower Till member ranges up to 90 m in thickness in the northern part of St George’s
Channel, where it outcrops only locally at the eastern margin of the Western Trough (Jackson
et al., 1995). Further south at the southern limit of the Celtic Deep Trough its thickness
diminishes to less than 5 m (Tappin ez al., 1994). The base of this member is an erosion surface
with a gentle topographic variation of some 15 m in amplitude (Tappin et al., 1994; Jackson et
al., 1995). There are only two borehole sections of the Lower Till member available. However,
what has been uncovered appears to suggest that the deposit consists of subglacial lodgement
till, passing southwards into ice-proximal glaciomarine gravels and sands (Tappin et al., 1994;
Jackson et al., 1995). The member is presumed to have been deposited by Saalian ice prior to
the formation of the next generation of major incisions into which the Bedded and Infill

member was deposited (Jackson ez al., 1995).

Two distinct facies are present in the Bedded and Infill member, which do not necessarily occur

together. The lower facies is at least 85 m thick in the eastern Irish Sea, and occupies erosional
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downcuts of various sizes, the largest of which are in excess of 75 m deep (Tappin et al., 1994).
Some of these incisions may however be from an earlier erosional event, in which case their
infills belong to the Caernarfon Bay Formation. In detail, seismic profiles across these
lenticular infills display similar acoustic characters to the Incision Infill member of the
Caernarfon Bay Formation (Tappin et al., 1994). The lower part of the Bedded and Infill
member is thought to represent the Saalian deglaciation episode, perhaps including partial infill

during part of the Eemian Interglacial (Jackson et al., 1995).

The Ayre Marine Silts found in boreholes on the northern part of the Isle of Man (Lamplugh,
1903; Smith, 1931) and offshore in Luce Bay probably form the uppermost part of the Bedded
and Infill member in the northern half of the Irish Sea Basin. These are silts with a cold or
boreal marine macrofauna overlying barren, gravelly sands. In the south, this upper portion of
the member is similar to the St. George’s Channel Formation comprising fine-grained silty
sands and sandy clays (Tappin et al., 1994). Sparse micro- and macrofauna indicating arctic-
like conditions, combined with the stratigraphic position of the Bedded and Infill member,

probably indicate a very late Saalian or early Eemian origin (Jackson et al., 1995).

The Upper Till member crops out extensively at the sea bed in the Irish Sea, especially north of
Anglesey and forms most of the sea bed of St. George’s Channel and Cardigan Bay (Tappin et
al., 1994; Jackson et al., 1995). It is found in numerous cores as a till comprising stiff or hard
diamicton of clay with varying amounts of sand, gravel, shell and cobbles and boulders ranging
up to 1 m in diameter (Tappin et al., 1994; Jackson et al., 1995). In seismic profiles, it appears
to form a unit across most of the platforms and in the northern and southern parts of the
Western Trough. The central part of the trough in the Manx Depression is, however, devoid of
the Upper Till member, except as patches on raised topographic features (Jackson et al., 1995).
The member ranges from 5 to 35 m in thickness in many offshore boreholes. South of 52°N, it
thins progressively as far as 51°20°N, where it is seen to wedge out (Tappin et al., 1994). The
Upper Till member is interpreted to be a subglacial lodgement till, the product of Late
Devensian glaciation, and it is thought to be correlatable with the basal till of the ‘Irish Sea
Drift’ onshore (Eyles and McCabe, 1989a). If this is so, it lends support to the hypothesis that
the basal portion of the ‘Irish Sea Drift’ is subglacial in origin. It also correlates with the
similarly deposited basal Devensian deposits on the Isle of Man (Eyles and McCabe, 1989a).
Nearshore, both in Dublin Bay (Naylor, 1964) and Morecambe Bay (Knight, 1977), a number
of boreholes reveal that the Upper Till member forms the basal Quaternary deposit, where it

ranges from 2 to 56 m in thickness (Jackson et al., 1995).
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WESTERN IRISH SEA FORMATION

This formation crops out over much of the Irish Sea Basin and its sediments are similar in
seismic character and geometry to the deposits of three previous older formations: the
Caernarfon Bay, St. George’s Channel and Cardigan Bay formations (Jackson et al., 1995). The
formation displays notable facies changes both vertically and laterally which are attributable to
variations in sedimentation with time, or to sedimentary passages from proximal to distal
settings in relation to sediment supply (Tappin et al., 1994). The deposits are locally massive in
incision infills such as the Beaufort’s Dyke in the North Channel although are mainly found in
extensive east and west belts; otherwise they are developed in isolated patches (Tappin et al.,

1994).

Table 2.2 Facies types constituting the Western Irish Sea Formation with proposed depositional settings.

Facies recognised within Western Irish Sea
Formation (decreasing age)

Environmental depositional context

Chaotic facies
(dominantly gravels with muds, sands, cobbles
and boulders)

Prograded facies
(sands with subordinate muddy and pebbly parts)

Mud facies
(silts, with scattered pebbles and very sparse
cobbles (dropstones))

Sarnau facies
(ridges covered by gravel, cobbles and boulders,
and formed of clast-supported, clayey diamicton)

Codling Bank facies
(forms the dissected remnants of a previously
continuous mantle)

Deposited during the Devensian in
glaciolacustrine and glaciomarine, ice-proximal
conditions.

Prodeltaic and glaciomarine facies, representing
passage from the ice-proximal chaotic facies to a
distal mud facies as Devensian ice retreated.

A distal, glaciomarine deposit passing upwards
into distal, marine deposits as the climate warmed
at the end of the Devensian.

(1) Lateglacial median moraines of piedmont
glaciers (Garrard & Dobson, 1974).
(2) Remnants of Lateglacial sandur.

May compare with the Lateglacial, braided
deposits described onshore in Leinster by Eyles &
McCabe (1989a), or the succeeding diamicton
they attributed to subaqueous ice-rafting.

Sources: Tappin et al., 1994; Jackson et al., 1995.

In the east belt, defined by the northern St George’s Channel and North Channel, the Western
Irish Sea Formation lies unconformably upon, and therefore entirely post-dates, the Upper Till
member of the older Cardigan Bay Formation. The deposits are considered to be no older than
Late Devensian, as they overlie till estimated to be of Late Devensian ageb(Jackson et al.,
1995). In the west belt, similar units are present, but they occur two-fold. There is a basal unit,
the Western Irish Sea Formation B, comprising incision infills up to 100 m thick, with younger
deposits up to 80 m thick (Jackson et al., 1995). At the top of this lower unit there is a

widespread erosion surface (unconformity) above which lies the Western Irish Sea Formation
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A (Jackson et al., 1995). Five facies are recognised within the Western Irish Sea Formation,
each of which pertains to a particular environmental setting. From oldest to youngest these are

the: Chaotic, Prograded, Mud, Sarnau, and Codling Bank facies (Table 2.2).

SURFACE SANDS FORMATION

Deposits of this formation are absent or extremely thin, generally less than 2 m thick over the
greater part of the area, and commonly less than 0.5 m (Tappin et al., 1994; Jackson et al.,
1995). However, in the nearshore and intertidal zones there are localised thicknesses in
sandbanks of 20 to 40 m (Adams and Haynes, 1965; Haynes and Dobson, 1969; Knight, 1977;
Pantin, 1978; Allen, 1990).

The Surface Sands Formation is divided into three morphological members: the Sea Bed
Depression, SL1 and SL2 members (Tappin et al., 1994; Jackson et al., 1995). Although they
all dominantly comprise sand the first two are in their upper parts products of present-day
marine processes at the sea bed. Each member also includes sediments deposited in conditions
very different from those of the present, including some shallower-water or subaerial deposits.
In intertidal areas, muds make up an important, though subordinate, part of the Surface Sands

Formation (Tappin et al., 1994; Jackson et al., 1995).

The Sea Bed Depression member comprises the partial or complete fill of hollows cut into
deposits of the Western Irish Sea Formation A. Wingfield (1990) postulates that these hollows
were exhumed as large kettle holes, some of which have an incomplete postglacial sediment
infill, and thus still form enclosed bathymetric deeps. Elsewhere, many filled kettle holes are
capped by deposits of other members of this formation, as in the Solway Firth and the east Irish
Sea (Tappin et al., 1994; Jackson et al., 1995). Following Pantin’s (1977, 1978) work in the
east Irish Sea, the more extensively but thinner parts of the Surface Sands Formation are
divided into two members: a lower SL (sedimentary layer) 2, and an upper SL1. The SL2
member is diachronous and comprises the deposits formed across a surface of erosion before
and during the early Holocene (Lateglacial and postglacial) marine transgression after 10.2 ka
BP (Tappin et al., 1994; Jackson et al., 1995). The SL1 member disconformably overlies an
erosion surface across the SL2 member, or rests upon the Sea Bed Depression member or older
strata (Tappin et al., 1994; Jackson et al., 1995). It represents the present-day mobile
sediments, which include transitory and thin deposits, through accumulations up to 5 m thick in
the east Irish Sea (Pantin, 1977, 1978), to active tidal sand ridges and giant sand waves up to 40
m thick. In the nearer-shore areas and inshore, the sediments pass landwards into intertidal

sandy muds and saltmarsh organic clays (Naylor, 1964; Knight, 1977).
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2.2: Pre-Devensian Stage

2.2.1: Pre-Devensian Glaciation

Of events predating the main Devensian stage of glaciation in the northern Irish Sea and
peripheral margins we have very limited insight. Indeed, with the exception of a tentative
chronology established for deeply buried tills lying below the northern part of the Isle of Man,
which possibly date to the Anglian glaciation (the Lower Till and Lower Sand of the Basement
Group; Thomas (1977)), subglacial erosion resulting from ice movement during the last
glaciation appears to have left the Irish Sea Basin devoid of any pre-existing deposits (Garrard,
1977). Kerr (1982a) additionally notes a similar lack of pre-Devensian evidence in the Carrick
and Galloway districts of south-west Scotland. This picture contrasts with the stratigraphic
context which has emerged in the southern sector of the Irish Sea Basin where two major Irish
Sea till units extensively prevail over much of the sea floor. These are separated by thick
sequences of temperate marine interglacial sediments of possible Ipswichian age (starting c.128

000 yrs B.P.) (Garrard, 1977; Catt, 1981) (Section 2.2.2).

At Shortalstown near Wexford (south-east Ireland), Colhoun and Mitchell (1971) similarly
describe an upper till ascribed to the Devensian and a lower till separated by a series of sands
and beach gravels. Mitchell (1972) later connected these sands to the Ipswichian interglacial
and the lower till to the Wolstonian glaciation. Garrard and Dobson (1974) also regard the
upper till sheet of this tripartite sequence as being Devensian in age, and proposed limits for its
extent in the vicinity of the southern entrance to St. George’s Channel (Section 2.3.2). It is not
possible though to date the older glacial event more accurately than the pre-Devensian
(Garrard, 1977). Stratigraphically it underlies the marine sediments of Ipswichian age in the
South Irish Sea although it has given rise to sediments which are similar in composition and
appearance to those of the Upper Devensian unit, suggesting both ice sheets to have flowed
along much the same lines and to have eroded similar underlying strata. Nevertheless, because
of the absence of more conclusive data the possibility that the pre-Devensian cold stage, in fact,

represents more than one older glaciation, cannot be ruled out (Garrard, 1977).

Selective erosion of a soft Tertiary basement, particularly in St. George’s Channel, has
influenced the accumulation of the two units of Irish Sea till. However in the east, glacial
sediments are restricted to those of Devensian age (Garrard, 1977). It has been suggested by
Garrard (1977) that this scenario is acceptable for the position of till of pre-Devensian age for it
is characteristic of large ice sheets that, at least in their advancing stage, deposition
predominates towards the outer margin and erosion in the interior. Thus, pre-Devensian

deposits occur especially where they have been deposited in localised, overdeepened bedrock
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basins or troughs where advancing ice has failed to remove them (Thomas, 1985). Further relict
glacial sediments, some showing evidence of weathering, are present only within certain
restricted localities in other areas of the South Irish Sea Basin, and parts of the Celtic Sea and

Bristol Channel (Garrard, 1977).

A series of surveys in the south Irish Sea by Blundell et al. (1971) led them to propose a
sedimentary unit of Neogene age which existed beneath a depositional sequence interpreted as
glacial and post-glacial. Dobson et al. (1973) made a suggestion that a connection existed
between the Neogene deposits which exist in the south Irish Sea and an isolated occurrence of
Neogene deposits in the Nymphe Bank area of the north-east Celtic Sea. However, recent
investigations by Delantey and Whittington (1977) has prompted a reassessment of the
Neogene deposits, based upon their interpretations of seismic profiles, borehole information
and direct sampling. They argue that the deposits previously described as Neogene are in fact
Pleistocene age (Delantey and Whittington, 1977). The approximate extent of these deposits in

the south Irish Sea and the north-east Celtic Sea is indicated in Figure 2.5.

The pre-Devensian sedimentary and geomorphological ice-marginal features (e.g. end-
moraines, kames, meltwater channels), which are universally accepted as evidence of a glacial
limit, are rarely preserved, therefore it is imperative that we rely almost entirely on the
stratigraphic and sedimentological evidence to delimit the extent of earlier ice sheets (Catt,
1981). This usually means assigning an ice margin to enclose all deposits thought to be of a
certain age from their lithology or stratigraphic position. However, this is less reliable for the
earlier phases of glaciation, for there is little or no evidence of direct glacial deposition (Catt,
1981). A number of regional syntheses of the Pleistocene stratigraphy of the Southern Irish Sea
Basin as a whole have been conducted in order to ascertain the glacier limits of former

glaciations.

A number of these reviews relate directly to the Pleistocene stratigraphy of the Isles of Scilly
which lies some 40 km west-south-west of Land’s End (Scourse, 1986). The first
comprehensive account of a possible pre-Devensian ice limit was published by Mitchell and
Orme (1967) who revised the original findings of Barrow (1906). Their interpretation of the
stratigraphy on the Scilly Isles suggested that the widespread occurrence of outwash gravels
formed the basis for an ice limit on Scilly. By mapping the distribution of the till and outwash
gravel, Mitchell and Orme (1967) proposed an ice limit running through the northern islands in
the group (Figure 2.6). South of this line, the glacially-derived sediments were not found. By

comparing the basic stratigraphic sequence that they had established on the Scilly Isles with
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Chapter 2: Glaciation within the Irish Sea Basin

similar sections in south-west England and in Ireland, they claimed a Wolstonian age for the
glaciation responsible for the deposition of the glacial material. A further basis for this dating
was not the outwash deposit itself, but the age of the underlying ‘main’ raised beach in Scilly
and West Cornwall which has been interpreted as Hoxnian (Mitchell and Orme, 1967).
Wherever glacial deposits are observed overlying the raised beach they have been regarded as
Wolstonian (if they lie outside the proposed extent of the Devensian glaciation). A Wolstonian
age has been similarly assumed for the pre-Devensian glacial deposits left by Irish Sea ice on
Lundy island (Mitchell, 1968) and various coastal areas bordering the Bristol Channel
(Stephens, 1966; Edmonds, 1972; Bowen, 1977; Gilbertson and Hawkins, 1978).

A Munsterian (= Wolstonian) Irish Sea glacier moving westwards was also regarded as
responsible for deposition of the shelly Ballycroneen Till, which overlies the 8 m raised beach
at several sites on the south-east coast of Ireland (Wright and Muff, 1904; Mitchell et al.,
1973). The beach has been correlated with the Gortian Interglacial, which may be equated with
the Hoxnian in England (Mitchell es al., 1973). It therefore emerges that the ‘main raised
beach’ is a crucial stratigraphic marker (Bowen, 1981), especially as there is a lack of
recognition of Ipswichian interglacial high sea levels in the current onshore stratigraphy above
the proposed Wolstonian units. The potential is present, therefore, for raised beach deposits to
be used as an interglacial datum for the lithostratigraphic successions that occur above and

below them (Bowen, 1973a).

This approach cannot, however, be adopted for the northern half of the Irish Sea Basin for the
coastlines of the Southern Uplands, the Lake District, North Wales east of the L1éyn peninsula,
and the whole of the Irish coast north of County Wicklow, are devoid of raised beaches
overlain by glacigenic deposits (Thomas, 1985). However in the southern Irish Sea Basin, at
least, raised beach deposits are widespread around the margins (Thomas, 1985). Kidson (1977)
infers that the parallelism in height of these raised beaches implies structural stability and has
been taken to indicate the return of successive interglacial seas to levels only marginally
different from those present today. Intrinsically the raised beaches cannot be dated, but as they
are everywhere overlain by cold climate (including glacial) deposits which reflect one
continuous cold period, hence the Devensian, it follows that the beach deposits are most
logically related to the last (Ipswichian) interglacial (Bowen, 1973a). The fragmentary evidence
present in the northern basin suggests, though, that the last interglacial marine datum is
currently below sea level. At Ballure in the Isle of Man, for example, the only fossil beach
deposits of suggested interglacial age have been detected through seismic investigations at a

depth of -4 m O.D. (Thomas, 1985).
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Kidson (1977) and Dobson (1977b) have respectively provided two explanations that could
account for the apparent failure of the Ipswichian marine datum in the north to attain the same
relative level as in the southern Irish Sea. First, although it is generally accepted that isostatic
recovery from the Devensian glaciation is complete, there is very little hard evidence to
confirm or deny this (Thomas, 1985). Therefore, the question of whether the depressed sea
floor in the northern Irish Sea Basin has established equilibrium remains speculative (Kidson,
1977). The second explanation draws attention to the question of tectonic movement during the
Quaternary along the boundary faults that have initiated the graben-structure of the Irish Sea
Basin. Although the Pliocene-Pleistocene is thought to have been a tectonically quiet period in
western Britain, loading by ice throughout successive glaciations could feasibly have
accentuated or further promoted such movement. This would have inflicted unsuspected change
upon the vertical transition of sea level between the Wolstonian and Devensian glaciations

(Kidson, 1977).

Despite the recognised importance of the raised beach-tied stratigraphies, Scourse (1985)
independently mapped the existing sections on the sixteen largest islands in the Scillies in order
to establish a local lithostratigraphic framework. Twenty-nine absolute carbon-14 dates and
two pre-existing thermoluminescence (TL) dates (Wintle, 1981) helped to provide an accurate
chronology of events while inter-site correlations were strengthened by detailed palynology
(Scourse, 1985). Scourse (1985, 1986) defines two lithostratigraphic models for the ‘southern’
Scillies and ‘northern’ Scillies; these areas can be regarded as ‘extra-glacial’ and ‘glacial’
respectively. If the evidence presented by Scourse (1985) is accurate it proposes that a thin
lobate ‘surge’ of ice extended beyond the ‘stable’ margin of the Irish Sea ice sheet in St.
George’s Channel (Figure 2.6) resulting in glaciation of the northern part of the Isles of Scilly.
This occurred during the Dimlington Stadial of the Late Devensian substage around 18 600 + 3
700 (QTL 1d and 1f) yrs B.P. (Wintle, 1981) (Section 2.3.2.2). Such a working hypothesis of
Devensian glaciation is not new; John (1970) and Synge (1977, 1981) both having raised the
possibility in speculative discussion. The evidence of a Devensian glaciation used by Scourse
(1985) clearly conflicts in a number of important respects with Mitchell and Orme’s (1967)
sequence of events. The criteria on which this model of the Devensian glaciation of the Isles of
Scilly is based is, however, far from unequivocal, and the resultant interpretations are open to

further modification (Scourse, 1985).
2.2.2: Pre-Devensian Interglacial

The record of pre-Devensian interglacial sediments is equally as sparse (Thomas, 1985). Aside

from the great thickness of Ipswichian marine sediment described by Garrard (1977) no other
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comparable deposits have been discovered beneath tills in boreholes. The deduction seems
again valid that these too have been denudated by Devensian glacial erosion. An indication of
the extent of this erosion within the Irish Sea Basin is the widespread occurrence of an erratic
shell fauna which is thought to partly derive itself from the reworking of pre-glacial Neogene
deposits (Thomas, 1985). However, much of its presence is more probably owed to the
destruction of interglacial sea-floor sediment which was covered by Devensian ice and

incorporated into the basal till (Thomas, 1985).

Garrard (1977) identified the thick sequences of Ipswichian marine sediments underlying the
Devensian Irish Sea till sheet in six boreholes in St. George’s Channel. The thickness of the
unit varied between 3 m and at least 56 m at depths below the sea-floor of between 9 m and 41
m. Where the base of these sediments was penetrated during coring the material was found to
be composed of either bedrock or a lower Irish Sea till. Continuous seismic profiling across the
investigation area revealed a conformable sequence of horizontally stratified facies resting
upon a lower non-stratified unit. The stratified section, which is indicative of marine
deposition, was laterally continuous with the pre-Devensian marine sediments seen in the
boreholes (Garrard, 1977). Overlying the marine sediments was a further non-stratified unit
which was believed to be Devensian Irish Sea till. The succession identified by a seismic
(sparker) profile correlates with a borehole taken 8 km to the north-east of the survey line

(Garrard, 1977):

Sparker Profile Borehole 73/43
Lat. 52° 33.16'N Lat. 52° 33.68'N
Long. 04° 56.6'W Long. 04° 51.07’W
Velocity

Water depth 65 m 1.5km/s Water depth 60.0 m
Non-stratified unit 41 m 1.8 km/s  Devensian Upper till 40.0 m
Stratified unit 24m 1.8 km/s Ipswichian Marine formation  26.5m
Non-stratified unit 31m 1.8 km/s Pre-Devensian Lower till 10.5 m+

161 m 137.0m

The Ipswichian marine sediments are predominantly arenaceous, consist of a bimodal mixture
of sands and gravels and contain thin layers of silt and clay (Garrard, 1977). Detailed particle-
size analysis identified similarities to recent marine sediments on the present day floor of the
Irish Sea, and also to those of known marine interglacial age exposed onshore (Garrard, 1977).
Likewise, microfaunal analysis revealed a number of similarities to Ipswichian assemblages

from sites in both Ireland and the United Kingdom (Haynes pers. comm. to Garrard, 1977).

Around the periphery of the Irish Sea Basin a number of current coastal sections reveal organic

sediments beneath till deposits which have been provisionally assigned to an Ipswichian
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interglacial. At Wigton in the Solway Lowland (Eastwood et al., 1968) a borehole found till
and gravel overlying a clay deposit containing marine fauna, while in Lower Furness up to 8 m
of organic sediment was identified by Kendall (1881) to lie between two separate tills. Pollen
from organic silts beneath till in Scandal Beck, Cumbria also provides an Ipswichian age
(Carter, unpublished) with carbon-14 dating providing minimum ages of 32 500 and 42 000 yrs
B.P. (Shotton and Williams, 1971, 1973). The Ipswichian Patella beach of George (1932) has
also been identified along the south coast of Gower, south Wales as a reliable marker horizon
for the interglacial phase. The Patella beach formation lies on shore platforms ranging in height
from just over 15 m O.D. to approximately level with the current mean high-water mark (3.6
m), but most commonly on a platform at 10 m O.D. This represents a former storm beach
which characteristically consists of a resistant conglomerate, cemented by carbonate of lime

with prolific local molluscan fauna (Bowen, 1977).

Table 2.3 Comparison of pre-Devensian sequence of events.

Bowen (1973) Other views”
Event Status and Event Status and
(correlation) (correlation)
Beach formation Interglacial Beach formation Interglacial
(last/Ipswichian) (last/Ipswichian)
Complete Glacial Complete glaciation Glacial
glaciation (indeterminate) Head formation (Wolstonian)
Beach formation Interglacial
(Gortian/Hoxnian)
Glaciation of Glacial
unknown extent (Anglian)

Source: Bowen, 1973a. Notes: "This column is based, in various parts, on the views of:
Mitchell, 1960, 1972; Synge, 1970; Mitchell and Orme, 1967; Stephens, 1966; and
Watson and Watson, 1967.

2.2.3: Sequence of events

The most recent sequence of events proposed throughout the pre-Devensian (Bowen, 1973)
reflects a more concise and simpler chronology than has previously been put forward in recent
years (e.g. Mitchell, 1960, 1972) (Table 2.3). The first major event, represented by deposits
correlated throughout the southern Irish Sea Basin, is the interglacial raised beach. The
deposition of the pre-Devensian marine sediments is thought to have been in response to a
major temperate episode of considerable duration. The sediment characteristics of the marine
deposits are not those of glaciofluvial origin while an interstadial origin seems unlikely in view

of their thickness and temperate fauna (Bowen, 1977). This and other evidence would therefore
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suggest a last (Ipswichian) interglacial age. This episode was preceded by complete glaciation
of indeterminate detail and age. The raised beach event, terminated by deteriorating climate
revealed by the palaeobotany at Newtown and Marros, was followed by a sheet-washing phase

when colluvial silts were deposited prior to the onset of the Devensian period (Bowen, 1977).

2.3: Devensian Stage

2.3.1: Early and Middle Devensian Glaciation

The type site for the Devensian Glacial Stage in the British Isles is located at Four Ashes in
Staffordshire, England where there are depositional units of Late, Middle and Early Devensian
above an Ipswichian interglacial horizon (Shotton, 1977). With respect to these deposits,
though, existing evidence for the presence of glacier ice is to be found only from the Late
Devensian (Bowen et al., 1986), a scenario that is typical of Devensian glacial evidence in
south-west Scotland and other peripheral areas of the Irish Sea Basin. Indeed it has been
generally accepted that in Britain, at least, major expansion of ice from mountainous dispersal
centres such as the Southern Uplands into low-lying depositional settings did not occur on a
major scale until after 25 000 yrs B.P. (Thomas, 1985). It corresponds that limited unequivocal
detail has been established concerning the chronology of events or nature of depositional
environments in the Irish Sea Basin prior to this expansion, except that there was a downturn
into cold-climate conditions about 80 000 yrs B.P. (Thomas, 1985). Further to this it is apparent
that the views of traditional workers (e.g. Wirtz, 1953; Mitchell, 1960, 1972) can now be
considered as largely illusory in light of the fact that they were mostly based upon scant
evidence which, on some occasions, conveniently supported an unreasoned opinion of

Devensian glaciations.

Within the British Isles, an Early Devensian glaciation can only be demonstrated in Ulster
where till units occur containing marine molluscs of oxygen isotope sub-stage 5e as the
youngest faunal element (Bowen et al., 1986). Elsewhere around the coast of Britain this is
found not to be the case as glacial deposits contain fauna ascribed to both oxygen isotope sub-
stage 5e and stage 3 of the Middle Devensian (Bowen, McCabe, Sykes and Harkness,
unpublished data). Given an Early Devensian ice advance of unknown extent in Ireland, it is
also thought to be unlikely that the mountains of Scotland, Wales and western and upland
England escaped glaciation (Bowen et al., 1986). A recurring theme, however, is that these

areas have had any evidence of previous glaciations removed by Late Devensian ice.

Contrary to this, Sutherland (1981) suggested that the ‘high level marine clays’ known at a

number of localities within a few kilometres of the present coastline of Scotland accumulated
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on a glacio-isostatically depressed crust during an Early Devensian expansion of the Scottish
ice sheet. The implication from this was that the partial build-up of Scottish ice, perhaps
because of its situation on the Atlantic seaboard and its small size, responded more rapidly in
relative terms to the onset of the glacial phase than did the Laurentide or Scandinavian ice
sheets (Sutherland, 1981). Amino acid D/L ratios from molluscs in these beds indicated an
approximate age equivalent to oxygen isotope stage 5. It is possible that some of these were
late stage 5 or earliest stage 4 in age, thus adding support to Sutherland’s proposal of Early
Devensian glaciation in Scotland. Furthermore the oxygen isotope curve of Shackleton and
Opdyke (1973) showed a major build-up of world glaciers around 75 000 yrs B.P. with no
subsequent period of deglaciation, and Ruddiman ef al. (1980) also gave details of a major
glacier build-up at c. 75 000 yrs B.P. Whether the sea penetrated the northern Irish Sea Basin
during this episode is unclear for any record in the region has most likely been removed by
subsequent glaciation. Sutherland (1981) implies from the model presented that marine
transgression must have occurred prior to and consequent upon the loading of the crust by the
Scottish ice (Section 2.8). From this, a scenario may be envisaged of both a fluctuating ice
cover over the northern Irish Sea Basin and an isostatically raised sea level for much of the
time interval between this and major ice expansion marking the onset of Late Devensian

glaciation.

2.3.2: Late Devensian Glaciation

Abundant glacial sediments in the Irish Sea Basin have been unable to provide an exact
depositional age although the extent, faunal content and sedimentary characteristics of the Irish
Sea Drift all suggest it to be a product of the last (Late Devensian) ice advance in this region
(Garrard, 1977). In the west, the till sheet overlies the temperate marine sediments considered
to be of prior Ipswichian interglacial age. Meanwhile, the same glacial formation has been
correlated in the eastern sector of the Irish Sea Basin with an onshore succession dated by
several workers as Devensian (John, 1970; Bowen, 1973a, b). It has been considered, however,
that during the deposition of an extensive till cover there was most probably some degree of
sediment recycling of older glacial deposits (Garrard, 1977). The Irish Sea Basin is envisaged,
therefore, to have been occupied at this time by a large ice stream (the Irish Sea Glacier) which
was fed by converging ice streams radiating from ice dispersal centres in Scotland, Ireland,
Wales and Northern England (Wright, 1937; Mitchell, 1972; Bowen, 1973b, 1974) (Figure 2.7;
Section 2.4.2).
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Chapter 2: Glaciation within the Irish Sca Basin

2.3.2.1: Late Devensian offshore stratigraphy

The term Irish Sea Drift, like its counterpart in eastern Britain, the North Sea Drifts, has been
coined in the literature to describe what is known to be sedimentologically complex diamicton,
mud, sand and gravel sequences along the margins of the Irish Sea Basin (Wright, 1937).
Synonymous to this, the term Irish Sea Till is traditionally used as an omnibus to refer to any
massive, fine-grained, laminated mud with varying clast contents and a variable content of
foraminifera and molluscs (McCabe, 1987; Eyles and McCabe, 1991). These deposits are
present across a large area of the offshore and are widely exposed around the Irish Sea coast
and adjacent areas (Eyles and McCabe, 1989a). Fluvioglacial sediments are also common,
especially in the South Irish Sea, but are never abundant (Garrard, 1977). Traditional work
conventionally viewed the Irish Sea tills as ‘basal tills’ which were associated with
terrestrially-based ice sheet models. Indeed Garrard (1977) suggested that lodgement till was
the commonest and most widely distributed of the glacial sediments in the South Irish Sea. The
complex nature of these deposits was attributed to ‘advance and retreat’ ice sheet cycles
(McCabe, 1987). Emphasis has often been placed, in the past, on stratigraphy rather than
detailed facies analysis and inadequate field methodology resulting in the splitting up of a
natural depositional system into individual lithological units which were undeservedly provided
with a formal status (e.g. Mitchell et al., 1973; Colhoun, 1971, 1973; Davies and Stephens,
1978; Warren, 1985). Modern interpretations are tending towards the recognition of such
deposits as heterogeneous assemblages of glacial and glacially-influenced marine sediments
deposited in proximal and distal settings around retreating tidewater ice margins in varying
water depths (Eyles and McCabe, 1991) (Section 2.5). In doing so, this has allowed greater

definition of the larger depositional systems within such glaciated basins as the Irish Sea Basin.

One of the most diagnostic features of the Irish Sea till can be attributed to a high carbonate
content of between 12% and 27% of the total sample weight. The carbonaceous constituent has
been proven to exist as a fine-grained rock flour within the clay fraction which possibly
represents the eroded remains of carbonate rocks, especially Carboniferous and Middle Jurassic
limestones, and Permo-Triassic marls (Garrard, 1977). Other distinguishing characteristics of
the till include a high degree of textural maturity and either a dark yellowish brown (10 Yr 4/2)
or olive grey (5 Y 5/1) colour. The olive grey coloured till is believed, however, to be more
greatly concentrated in the eastern sector of the Irish Sea Basin (Garrard, 1977). Textural
information obtained by Garrard (1977) from the till at different depths around the Irish Sea
Basin was found to produce a consistent range of readings. The fine-grained clay matrix
constitutes between 70% and 90% by weight of the total sediments and may contain up to 20%

sands and shell fragments (Garrard, 1977). Erratics have been found although are unusually
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small and appear to form an open framework within the clay matrix (Garrard, 1977). The
abundance of Upper Palaeozoic, Mesozoic and Tertiary erratics which were collected are
envisaged to have been scoured from the floor of the Irish Sea (Wright et al., 1971; Dobson et
al., 1973). It has been inferred from this that there was most likely extensive continental

glaciation from ice of northern origin (Garrard, 1977).

The thickness of Irish Sea glacial sediments, mainly recorded from borehole information in the
South Irish Sea, varies between 5 m and 50 m and average 30 m to 40 m, whereas seismic
profiles suggest they may locally reach 70 m (Garrard, 1977). As the till sheet progresses
southwards it becomes progressively thinner (10 m off the West Pembrokeshire coast), where it
eventually forms a narrow lobe of glacial deposits which protrude into the northern part of the

Celtic Sea (Garrard, 1977).

2.3.2.2: Offshore extent of Late Devensian Irish Sea Ice Sheet

The maximum offshore Late Devensian limit of the Irish Sea Glacier at the southern end of the
Irish Sea Basin is not well defined. Although there has, in the past, been some considerable
dispute concerning the maximum limits attained by Late Devensian Irish Sea ice, a consensus
view now concludes that it extended at least as far south as a line from County Wexford,
Ireland to Pembrokeshire, Wales (Bowen, 1973a; Eyles and McCabe, 1989a; Scourse et al.,
1991) (Figure 2.6, 2.7). Former interpretations considering a Devensian extent were largely
based upon the offshore interpretation of Garrard and Dobson (1974), as outlined in Section
2.2.1. They regarded the upper till sheet of a tripartite sequence as being of Devensian age, and
thus formulated a southerly limit of this till sheet in the vicinity to St. George’s Channel.
Garrard (1977) later identified definite limits for the upper of the Irish Sea till sheets
(Devensian) in the St. George’s Channel area. From this, Garrard (1977) has provisionally
related the final termination of the Irish Sea till sheet, due west of St. Govan’s Head at a
latitude of 51°34°N, to a theoretical ice limit (Figure 2.8). Bowen et al. (1986) have since
provided an inferred Late Devensian ice limit at an approximate latitude of 51°30°N. South of
these limits Garrard (1977) has noted only small and isolated outliers of glacial drift found as
far south as the Bristol Channel. These consist of ‘lag gravels’; small patches of erratic pebbles
and cobbles with the fines winnowed out by strong tidal currents. The rate of sediment thinning
and the sedimentary character of the till was thought to indicate that the Devensian aged
deposits were unlikely to have been deposited much further south than such proposed limits

(Garrard, 1977).
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Pantin and Evans (1984) have reported from side-scan sonar occasional small ‘mounds’ of
possible glacigenic material and scattered boulders on the floor of the Central and South-
western Celtic Sea, which they see as reflecting individual iceberg ‘dumps’. The occurrence of
scattered boulders has also been noted by Hamilton et al. (1980). These sediments and
morphological features occur between 300 and 500 km to the south-west of the suggested limits
of Devensian material in the St. George’s Channel (Scourse et al., 1991). Beyond the defined
continental shelf in this area there is thought to be further evidence for glaciomarine
sedimentation in the deeper water (Scourse et al., 1991) (Figure 2.9). Day (1959) also reported
possible glaciomarine sediments at 48°39°N 10°35"W in 1419 m of water on the continental
slope. Based on these tentative reports Scourse et al. (1991) conducted detailed analysis of
‘glacigenic sediments’ in the southern region of the basin following vibrocore sampling by the
Continental Shelf Division of the Irish Geological Survey. They inferred that at around
49°30°N a change in depositional environment did occur, either a grounding line representing a
transition from grounded to floating ice, or simply a change from proximal to distal
glaciomarine settings. This transition occurred between -127 and -145 m OD. The most
probable hypothesis deemed acceptable by Scourse et al. (1991) was for these sediments to

have been deposited from rafted ice.

A proposed regional reconstruction of glacial events has been outlined by Scourse et al. (1991)
in which offshore glacigenic sediments have been tentatively correlated with the Devensian till
from the Scilly Isles. The basis for this association is that the Scilly till resembles the offshore
glacigenic samples both lithologically (Scourse, 1985) and mineralogically (Catt, 1986). In this
model, global stadial sea level is believed to have stood somewhere between 100 and 50 m
below the present, with a post-rebound shoreline below present sea level (Scourse et al., 1991).
This limit is said to be consistent with the lack of a raised shoreline on the Scilly Isles or in
Cornwall. It is perceived that such a shoreline could only have been generated by ice if it
obtained an overall thickness greater than 250 m, in which case the Scilly Isles would most
probably have been overridden anyway (Scourse et al., 1991). Recent British Geological
Survey coring and seismic evidence in the region between the continental shelf in the Celtic
Sea and north of 50°N currently supports the original idea of Garrard (1977) for an ice lobe
having advanced from the north-east, beyond the stable ice margin of the Irish Sea ice sheet
(Scourse et al., 1991). This inferred lobe is predicted therefore to have originated from
immediately south of St. George’s Channel from the Celtic Deep Trough (Figure 2.9). This
theory is also concurrent with that of Synge (1981) who suggested that Late Devensian ice
expanded westwards from St. George’s Channel as a great lobe of floating shelf-ice that

reached the Devon coast and the Scilly Isles.

71



Chapter 2: Glaciation within the Irish Sea Basin

Further evidence for an ice limit may be attained by mapping the geographical distribution of
major glacial incisions (Wingfield, 1989). Current research regarding the origin of major
incisions (Boulton and Hindmarsh, 1987; Boyd et al., 1988; Wingfield, 1990), and lesser
features of similar form (Mooers, 1989), suggests that these major incisions form under or at
the margin of ice sheets although details as to how remain confused”. Thus the finding of a
major incision may be taken to indicate the former presence of an ice sheet. Late Devensian
incisions are known to be relatively easy to distinguish in that they lack cover deposits and
their infills pass upwards to form the current seabed (Wingfield, 1989, 1990). In a majority of
incisions the infill is incomplete and enclosed deeps prevail (Wingfield, 1989). Numerous Late
Devensian major incisions and associated enclosed deeps between Britain and Ireland occur in
specific localised areas spanning from the North Channel to the Celtic Deep (Wingfield, 1989).
A proposed south-west outer limit to ice in St. George’s Channel, the St. George’s Lobe, occurs
at 51°N (Wingfield, 1989) which is some 100 km north of the ice advance suggested to have
occasionally occurred by Pantin and Evans (1984) and Scourse (1986), though more concurrent

with the findings of Garrard (1977) and Bowen et al. (1986).

2.3.2.3: Onshore western extent - Southern Irish End Moraine

Onshore in the south of Ireland the maximum extent of the ice sheet is marked by a
discontinuous moraine that occurs along the southern edge of the limestone lowlands allowing
a stronger inference about the ice limit to be made (McCabe, 1987; Hoare, 1991). Specifically,
the moraine complex can b‘e traced north-eastwards from Counties Limerick and Tipperary to
the western and northern slopes of the Wicklow mountains (Farrington, 1957a, b; Synge, 1973,
1981; Hoare, 1975). This feature was first discovered by Lewis (1894) and subsequently
mapped in detail by Charlesworth (1928) from which point is was then referred to as the
Southern Irish End Moraine (S.I.LEM.) (Figure 2.7). Further work by Farrington (1934)
suggested that the last ice sheet from the Devensian did in fact surround the Wicklow
mountains (south-east Ireland) to a height of 150-230 m. However it was later recognised that
the stratigraphy examined by Farrington (1934) was more complicated than formerly realised.
Synge (1973) used further evidence which included the concentration of granite boulders,
arcuate lakes, outwash terraces and erratic distribution to reconstruct a comprehensive and

decidedly more complex pattern of ice limits in this area than was first adjudged.

* Boulton and Hindmarsh (1987), Boyd et al. (1988) and Mooers (1989) consider that major glacial
incisions form subglacially by the piping of sediment under high pressure water flow. To the contrary
Wingfield (1990) proposes that each incision was created separately at a lowland or tidewater ice sheet
margin as a jokulhlaup plunge pool, which cut back, and unroofed, into the ice sheet margin.
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Figure 2.9 A reconstruction of the Celtic Sea ice lobe and glaciomarine terminus. Dots represent
vibrocore sampling sites yielding glacigenic sediment. (From Scourse ef al., 1991).

Figure 2.10 The South Wales End Moraine as proposed by Charlesworth (1929) and the current
recognised Late Devensian limit of Bowen (1973a). (From Bowen, 1981).
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The S.LE.M. complex comprises mainly kame and kettle topography dominated by
glaciofluvial sands and gravels, thus representing a major depositional ice limit. It has been
suggested by McCabe (1987), however, that this complex may not necessarily demarcate the
precise extent of the Late Devensian ice over.Ireland. It is conceivable that the outer ice sheet
limits may have been debris deficient, with large scale deposition concentrated some distance
behind the main ice limit (McCabe, 1987). It is such that even where a well-developed moraine
is known to exist, evidence has been found to imply that ice may have extended beyond the
predicted margin. Indeed whilst the general position of this Late Devensian limit has been
adopted by most workers (e.g. Mitchell, 1972; Synge, 1973; McCabe, 1985; Watts, 1985), a
small number have nevertheless questioned its validity (e.g. Bowen, 1973b; Warren, 1979,
1985). A recurring problem appears to be that the chronology of glacial events have been
largely identified from sequences which were formed in locations subjected to complex ice-
marginal oscillations in response either to glaciological or climatic changes (McCabe, 1987). It
is accepted though that the events identified are most likely to be of Late Devensian age

(McCabe, 1987).

2.3.2.4: Onshore eastern extent - South Wales End Moraine

The first comprehensive Late Devensian limit in the eastern extremity of the Irish Sea Basin,
coincident with South Wales, was presented by Charlesworth (1929) to the Geological Society
of London (Figure 2.10). A downfall in the proposed extent was a lack of fundamental
evidence, as maps and memoirs of the Geological Survey were only available south of a line
drawn through approximately Carmarthen. Furthermore, to the north of this, Charlesworth was
only able to base completed work on earlier papers by Jehu (1904), on Preseli (north
Pembrokeshire), and Williams (1927), on south Cardigan (Cardiganshire). Neither of these
publications had produced geological maps of the Pleistocene deposits (Bowen, 1981). The
argument presented by Charlesworth (1929) was that the Irish Sea ice sheet would have
dammed the mouths of local streams, causing proglacial lakes to develop. Ice-marginal
overflow channels, which drained the lakes, would therefore serve to indicate the ice margin
(Charlesworth, 1929). This criteria was therefore used as the main control for reconstructing
some 72 km of the Irish Sea Ice Sheet margin (mainly in Preseli, North Pembrokeshire and
Ceredigion, Cardiganshire), out of a total length of around 96 km (Bowen, 1981). The other 24
km was indicated by moraines, later to be reinterpreted as fluvioglacial features, which
Charlesworth (1929) described as ‘discontinuous’, ‘moderate in dimension’ and ‘rarely
conspicuous’. The ice margin portrayed by Charlesworth (1929) coincided more or less with
the southern limit of continuous drift and this association was used to extend the proposed limit

to the east of Swansea. To the west this precept was disregarded and an arbitrary line inferred
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to be ‘conjectural’, ‘uncertain’ and ‘very doubtful’ (Charlesworth, 1929, p. 345) was drawn

north to Tregaron, where a prominent end moraine occurs (Bowen, 1981).

George’s (1932, 1933) work on the glacial and coastal Pleistocene deposits of Gower
confirmed Charlesworth’s limit on the western side of Swansea Bay. However Griffiths (1937,
1939, 1940), by examining the mineralogy and erratic content of glacial deposits west of
Cardiff, confirmed the critical response of Jones (1929) who was familiar in detail with the
local geology. Wirtz (1953) later suggested that only limited local valley glaciation occurred
during the last glaciation, with the Irish Sea ice sheet impinging locally around Cardigan and
Fishguard. In the 1960’s, a lithostratigraphic approach to the problem of ice limits supported by
other evidence was adopted, thus with less emphasis placed on geomorphology. In south-east
and central South Wales Bowen (1970) related the Pleistocene geology to the lithostratigraphy
of Gower, and the extent of Late Devensian Welsh ice was shown to be more extensive than
envisaged by Charlesworth (1929) (Figure 2.10). In Preseli, John (1970) showed that the
coastal lithostratigraphic succession was identical on both sides of Charlesworth’s (1929) line,
thus invalidating it as a significant ice margin (John, 1970). John (1970) argued that the Irish
Sea ice sheet had reached south Pembrokeshire and possibly beyond. Subsequently John (1974)

indicated that it terminated between Milford Haven and the south Pembrokeshire coast.

Further lithostratigraphic documentation of South Wales (Bowen, 1973a, b, 1974, 1977) as a
whole followed on from the preliminary work of Bowen (1970). Using the last interglacial
Patella beach as a stratigraphic marker, Bowen (1973a, b, 1974) was able to discriminate
between glaciated and unglaciated areas by the presence or absence of glacial deposits in
stratigraphic position above the raised beaches. _It was inferred therefore that a ‘older drift’
glaciation had antedated the raised beach interglacial, and that the ‘newer drift’ glaciation
(South Wales End Moraine) was the sole glacial event subsequent to that interglacial. The Late
Devensian ice limit outlined by Charlesworth (1929) has nevertheless, despite continuous
reassessment, survived with only minor modification in the area east of Swansea Bay. Bowen
(1981) believes that, in retrospect, Charlesworth was over-concerned with the search for
missing moraines to delimit the Late Devensian ice extent. It is now clear that the former ice
margin is not marked by a continuous morainic ridge or topographic zone (Bowen, 1981). In
light of this a number of problematic areas still exist (e.g. west and south-west Gower) although

the overall outline currently proposed by Bowen (1973a) is thought to be secure.
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2.3.2.5: Timing of Late Devensian ice sheet maximum

The precise timing of the Late Devensian maximum in the Irish Sea Basin is not well known,
although it is generally recognised to have occurred somewhere around 22 000 yrs B.P. (Bowen
and Sykes, 1988). Mitchell (1972) suggests that in North America there is good evidence that
the main advance of Wisconsinan ice took place about 20 000 yrs B.P., and the first advance of
ice down the Irish Sea may well be of the same age. This theory is somewhat meaningless,
though, given that Dyke and Prest (1987) have indicated that there are various ages derived for
the Late Wisconsinan maximum, arising from the long-standing problem of defining the Late
Wisconsinan limit. Radiocarbon dates from raised glaciomarine studies in Ireland (Colhoun et
al., 1972; McCabe et al., 1986) suggest that the Late Devensian glaciation peaked in this
location between 24 000 and 20 000 yrs B.P. Definite maximum ages are provided by the
30000 yrs B.P. radiocarbon ages from Four Ashes, in Staffordshire (Shotton, 1967).

Further maximum age indicators may be obtained from amino acid D/L ratios of in situ shells
incorporated into glacial drift. This method shows that the glacial drifts of south-west Dyfed
(e.g. Abermawr and Banc-y-Warren), and north Gower, are Late Devensian in age because they
contain shells of isotope stage 3 (Bowen and Henry, 1984). In Ireland, Bowen et al. (1986)
suggest that the Late Devensian maximum probably occurred around 23 000 yrs B.P. However,
if the inferences made by Scourse (1985) are accurate then an ice ‘surge’ as far as the northern
Isles of Scilly may have occurred around 18 600 + 3 700 yrs B.P. (Wintle, 1981). A similar
date of 18 000 yrs B.P. is available from a carpal bone of a woolly mammoth from the
Tremeirchion Caves of the Vale of Clwyd, north-east Wales (Rowlands, 1971), which have

been sealed by Irish Sea till.

It is therefore apparent that there is great speculation over the exact age of maximum ice
expansion thus at least for the meantime, until further maximum ages are obtained, a restricted
period in which the maximum limit was attained is all that can be accepted. Relatively few
maximum age determinations have arisen because of the lack of organic material available
from what was an extremely harsh climatic environment immediately prior to, and during

maximum glaciation (Bowen et al., 1986).

2.4: Full glacial ice dynamics

2.4.1: Ice sheet geometry - impact of a deforming bed hypothesis

It has been recognised that former ice sheet profiles and ice dynamics can be tentatively
reconstructed if their extent and length of flow lines are known and if glacier budgets and

palaeotemperatures can be estimated (Boulton et al., 1977). Following from this, Boulton et al.
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(1977) have presented the results of a modelling exercise for the whole of the Late Devensian
British ice sheet which incorporated a modelled surface topography, distribution of mass
balance velocities and ice-flow lines (Figure 2.11). A number of useful inferences have been
drawn from these results with respect to the morphology, kinetics and thermal structure of the
Irish Sea ice sheet during its full glacial maximum. For the Irish Sea Basin, the model
postulated an ice sheet running approximately south-southwest from a maximum surface
elevation of around 1800 m over the eastern part of the Southern Uplands, south-west Scotland.
In the central area, basal ice was predicted to be cold whereas nearer to the margins of the ice
sheet, temperate ice existed which accommodated high marginal ice-flow velocities in the
range of 150 to 500 m/yr (Boulton et al., 1977). The position of the outer margin of the Irish
Sea ice sheet, at its maximum, was based on Charlesworth’s (1928, 1929) synthesis as

generally accepted by most former workers (Section 2.3.2).

Although this reconstruction may be seen as useful in terms of a first approximation of ice
dynamics within the Irish Sea Basin, the modelling itself can be heavily criticised in a number
of ways. First, Boulton ez al. (1977) used Weertman’s (1961) analysis to determine the surface
shape and velocity distribution of the Late Devensian ice sheet over Britain and their own
analysis to determine basal temperatures. They assumed that at its maximum the ice sheet was
in steady-state equilibrium; the margin was stationary, ablation balanced accumulation, the
glacier flow field was constant with time, and the ice sheet was in thermal equilibrium with the
atmosphere and its bed. Given their estimated build-up period for maximum expansion of the
Late Devensian ice sheet of c. 15 000 yrs B.P. (based on a mean accumulation rate of 0.1 m/yr)
this is thought to be too long a period in which to establish steady-state conditions (Thomas,
1985). Furthermore, Boulton et al. (1977) admit that expansion may indeed have been stopped
short by a rapid climatic amelioration thus preventing the ice sheet from reaching equilibrium
conditions. Secondly, the model assumes Late Devensian advance across a terrestrial floor,
which although likely, has by no means been proved (Thomas, 1985). Many workers, dating as
far back as Lewis (1894), have raised the possibility that the Irish Sea ice sheet may have

advanced into a marine margin as an ice shelf.

A third criticism is that the model is wholly based on a modern rigid-bed analogue (Thomas,
1985). Many theories developed to account for surface profiles and movement of ice sheets
generally assume that the subglacial ice is in contact with a rigid (bedrock) surface, and that
these two properties are dependent on the rheological status of the ice (Nye, 1957) and the
thickness of a lubricating water layer at the ice-bed interface (Nye, 1957; Weertman, 1961).

Whereas the assumption of a rigid bedrock substrate underlying modern glaciers is most
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probably correct, there are many places where glaciers rest on beds which are partly or wholly
made up of unlithified sediments which are potentially deformable (Boulton and Jones, 1979;
Fisher et al., 1985). Measurements beneath a contemporary temperate glacier sitting on till
show that 90% of the basal movement of the ice can be attributed to deformation within the
deformable till substrate rather than by internal flow or through movement at the ice-bed

interface (Boulton and Jones, 1979).

A theory has been developed by Boulton and Jones (1979) whereby the profile of the glacier or
ice sheet may be related to the hydraulic and strength properties of underlying deformable bed
materials. In its simplest form, the theory predicts that the geological properties of the
subglacial bed will influence the surface profile of a glacier or ice sheet, and that ice sheets
moving over fine-grained, unlithified sediments (low cohesion and relatively impermeable)
will tend to develop a relatively low profile (Boulton and Jones, 1979). Therefore, if a bed has a
high hydraulic transmissibility, meltwater is readily discharged subglacially, the bed maintains
its stability, and the corresponding ice sheet profile is a normal parabolic one. If the bed
transmissibility is low, water pressures build up, the bed begins to deform, and a lower

equilibrium profile will develop (Boulton and Jones, 1979).

A large proportion of the beds underlying the Pleistocene ice sheets which covered much of
North America and north-west Europe are known to have contained deformable sediment. The
Irish Sea Basin itself seems a potentially likely site to promote the scenario of Late Devensian
ice sheet flow by means of a subglacial deforming substrate. This is based upon the assumption
that prior to the Devensian expansion, the Irish Sea Basin was underlain, as now, by a thick
sequence of soft glacial and interglacial marine sediments (Thomas, 1985). It has therefore
been suggested by Thomas (1985) that the Irish Sea ice sheet would most likely have
maintained a much lower equilibrium profile than predicted by the outcome of the rigid-bed
model. The construction of a ‘minimum’ model for Late Devensian ice geometry in the Irish
Sea Basin has therefore been documented by Thomas (1985) in which three components are

identified with respect to the physiographic setting of the ice sheet.

Over the upland region of south-west Scotland and much or Ireland the ice sheet is envisaged
by Thomas (1985) to have had a gradient and thickness commensurate with the source-area,
rigid-bed analogue. The magnitude of ice thickness over the northern part of the northern Irish
Sea Basin was therefore possibly in excess of 1500 m (Thomas, 1985). However, as the ice
passed south into the basin proper, a lower-gradient thin ice sheet developed as a function of

movement over the base of unconsolidated deformable sediment. Fisher ef al. (1985), in
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modelling the effects of possible deforming beds on a Laurentide ice sheet reconstruction, infer
a situation akin to this whereby flow lines crossing from a hard bed to a deformable bed cause
the surface slope to change by a factor (T,,/Th.g) ~ '/ to '/;and the direction of the flow lines to
change dramatically. In low t," areas ice flow is thought by Fisher et al. (1985) to be sensitive
to topography and is more readily diverted to low areas or around uplands whereas, in hard bed

areas, the basal topography is thought only to partially control ice flow direction.

The deformable beds of the Irish Sea Basin, into which ice flowed from the peripheral upland
masses, may therefore have induced relatively low surface slopes and promoted remarkable
abrupt ice flow direction changes particularly in the transition zone between the potential
unconsolidated basinal sediment and hard elevated bedrock. Thomas (1977) suggests that
Devensian Irish Sea ice rose no higher than 180 m onto the margins of the Isle of Man.
Therefore from this height, a very low gradient” of approximately 100 m in 300 km is indicated
for the proposed limit of Devensian Irish Sea ice in Pembrokeshire and south-east Ireland
(Thomas, 1977). This is an order of magnitude or more lower than the observed gradients of the
Greenland ice cap (Paterson, 1969) and the reconstruction of both the Scandinavian (Flint,
1970) and the Laurentide ice sheets (Andrews, 1973). It is also below the anomalously low
gradients reported by Mathews (1974) on some margins of the Laurentide ice sheet. At the
southern end of the Irish Sea Basin the third component of the ice sheet identified by Thomas
(1985) has been approximated to a thin flat sheet which questionably may have passed into a

eustatically lowered sea level as a floating ice-shelf.

2.4.2: Ice dynamics in south-west Scotland

For an insight into the nature of Late Devensian ice dynamics in south-west Scotland attention
has to be turned to the pioneering work of Charlesworth (1926a) for it is solely this
investigation into ‘The glacial phenomena of the Southern Uplands of Scotland’ (Charlesworth,
1926a, p. 1) which bears any detailed reference upon the subject. In stating this, however, it
would be correct to acknowledge that the direction of Charlesworth’s work was most probably
guided by the foundation work of Geikie in whose text ‘The Scenery of Scotland’ (1901) is
included a generalised map showing the direction of ice flow in the Southern Uplands (Figure
2.12). Similarly influential were the contributions provided by Professor J.W. Gregory (1925),

which are summarised in Section 1.4.

* 1, = yield shear stress (Nm™).

* This gradient estimate ignores a relative reduction in current altitudinal differences caused by a normal,
but unknown, amount of isostatic depression at the time of maximum glaciation, an effect that might
lower the gradients considerably (Thomas, 1977).
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