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ABSTRACT

The Devensian Lateglacial and early Flandrian stratigraphy of southern Snowdonia,

North Wales has been examined using pollen analytical, radiocarbon dating and geomorphological

mapping techniques. These techniques were used to reconstruct the effects and timing of

environmental changes on the Lateglacial and early Flandrian vegetation and landscape.

Detailed geomorphological mapping enabled the reconstruction of former "cwm" glaciers

and snowpatches of inferred Loch Lomond (Younger Dryas) Stadial age. These former glaciers were

small and extremely localised, their distribution being influenced by altitude, aspect and snowdrift A

local equilibrium fim line of 600 m OD was estimated from former glaciers on Cader Idris and used

to infer a mean July temperature of 8.5 ' C at sea-level during the Stadial. Pollen analyses of three

mire sites located outside the former ice limits and three upland lake sites from inside the limits

helped to corroborate a Loch Lomond (Younger Dryas) Stadial age for the "cwm" glaciation.

Logistical problems of sampling upland lake sites were overcome by the innovative use of sub-aqua

divers.

An exceptionally thick sequence of Lateglacial and early Flandrian organic-rich

sediments was discovered at Llyn Gweman and provided a particularly high degree of stratigraphic

resolution for radiocarbon dating vegetational changes and other environmental events. Late

Devensian ice was shown to have abandoned the Llyn Gwernan site before ca.13,200 BP at which

time the landscape was rapidly colonised by a pioneer vegetation in which Rumex was prominent.

Juniper spread into the area at ca.13,000 BP and was succeeded by the expansion of birch woodland

at ca.12,100 BP. Gradual climatic deterioration was inferred from this time onward, culminating in

the revertence to a tundra-like environment during the Loch Lomond (Younger Dryas) Stadial, hereby

dated to between ca.11,200 BP and 10,000 BP. The climate improved at around 10,000 B? and

vegetational succession progressed from herb-rich grassland, through expansion phases for juniper,

willow, birch and eventually hazel at ca.9,100 B?.
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CHAPTER 1

INTRODUCTION

1.1 Aims

This thesis examines the Devensian Lateglacial* and early Flandrian stratigraphy of

southern Snowdonia, North Wales (Figure 1.1). A detailed stratigraphical record of Lateglacial and

early Flandrian events is preserved in the pollen assemblages of lake sediments and in the glacial

landforins which characterise the landscape of this mountainous region. Pollen analyses and

radiocarbon dating of lake sediments are combined with geomorphological mapping of former glacier

limits to reconstruct the effect and timing of environmentali change on the Lateglacial and early

Flandrian vegetation and landscape.

The aims of this study are:

(i) to map the former extent and distribution of possible Loch Lomond Stadial glacier and

snowpatch limits throughout southern Snowdonia and to derive climatic inferences from

such distributions;

(ii) to use pollen stratigraphy to establish the relative age of the mapped former glacier and

snowpatch limits;

(iii) to obtain radiocarbon dates from significant lithostratigraphical and pollen stratigraphical

horizons in order to provide a chronology of Lateglacial and early Flandrian events; and

(iv) to use pollen stratigraphy for assessing vegetational history and associated environmental

changes throughout the Lateglacial and early Flandrian periods.

* throughout this thesis, the term "Lateglacial" is used solely in reference to the Devensian Lateglacial period

1.



Figure 1.1 Relief and drainage of the study area.
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These aims are addressed in the following chapters. Geomorphological evidence of

former glacier and snowpatch limits is described in CHAPTER 2 and is illustrated by a series of

maps. Some paleoclimatic inferences are made from the former glacier distributions. CHAPTER 3

describes the pollen stratigraphies from three sites located within the mapped limits of former glaciers

and CHAPTER 4 describes the pollen stratigraphies of three sites located outside former glacier

limits. The stratigraphical significance of the different pollen sites is discussed in relation to proposed

Loch Lomond Stadial glacier limits. A radiocarbon chronology derived from a full Lateglacial and

early Flandrian pollen sequence is presented in CHAPTER 5 and provides a time framework for

subsequent discussions on palaeoenvironmental history. CHAPTER 6 synthesizes the stratigraphical

information of the previous chapters and focusses on some key aspects of Lateglacial and early

Flandrian palaeoenvironmental change. Conclusions are presented in CHAPTER 7. Pollen

analytical techniques are described in the Appendices.

1.2	 Lateglacial stratigraphical characteristics and definitions

The Lateglacial period in the British Isles is dated as approximately 14,000 to 10,000

BP** (Lowe and Gray, 1980). Although this period represents a short interval of geological time it

was characterised by rapid and major palaeoenvironmental changes.

The Lateglacial period followed the decay of the last major British ice-sheet (Late

Devensian) and was initially characterised by a phase of equable climate. However, during its latter

part, a pronounced climatic cooling occurred which resulted in the return of glacial conditions and

widespread periglacial activity throughout highland Britain. This period of severely cold climate was

itself short-lived and climatic amelioration shortly before 10,000 BP led to the more temperate

conditions of the early Flandrian.

Lateglacial terminology and definition has been the subject of considerable debate

(Pennington, 1975; Coope and Pennington, 1977; Gray and Lowe, 1977; Lowe and Gray, 1980).

** the Lateglacial radiocarbon timescale is not a true calendar timescale (Pilcher. 1991; Bard and Broecker, 1992) and
throughout this thesis, all age estimates should be regarded as "uncorrected" radiocarbon years before present.
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Lowe and Gray (1980) emphasize the unique nature of the Lateglacial stratigraphical record and the

problems which are posed by standard methods of stratigraphical subdivision. Because many

Lateglacial environmental changes are time transgressive, chronostratigraphical subdivision (sensu

Mangerud et al., 1974) is difficult to apply,*** whilst problems with radiocarbon activity

interpretation and application have precluded accurate and precise definition of Lateglacial stratotype

boundaries (e.g. Lowe, 1991; Pilcher, 1991).

However, a unifying theme in Lateglacial research is the agreement on the broad pattern

of climatic fluctuations which characterised the Lateglacial period. Climatic inferences based upon

bio-, litho- and geomorphological evidence indicate that the Lateglacial period was characterised in

N.W. Europe by an interstadial phase followed by a stadial phase (Pennington, 1977a; Coope 1977;

Sissons, 1979c). This marked climatic fluctuation is also well represented in the marine

stratigraphical record of the North Atlantic (Ruddiman and McIntyre, 1973, 1981; Ruddiman et a!.,

1977; Duplessy eta!., 1981; Rind eta!., 1986; Bard etal., 1987) and is manifest in Greenland ice

cores (Dansgaard eta!., 1982). A growing body of evidence also indicates contemporaneous climatic

change in the maritime provinces of eastern Canada (Mott, 1985; Mott eta!., 1986; Stea and Mott,

1989; Mayle et a!., 1993) and in the northeastern USA (Peteet et al., 1990). The widespread

recognition of Lateglacial climatic phenonema enable definition of the Lateglacial period in terms of

climatostratigraphy. Mangerud et a!., (1974 p.133) define a climatostratigraphic unit as,

"a stratigraphical unit with the boundaries defined by geological indicators of climatic

changes".

This definition recognizes that climatostratigraphic unit boundaries may be time-transgressive.

Climatostratigraphy was adopted by Gray and Lowe (1977) for subdivision of the

Lateglacial in Scotland and later modified for application to N.W. Europe (Lowe and Gray, 1980). In

this latter scheme they introduced a number of transitional zones to reflect the uncertainty in present

dating techniques and to enable the recognition of time-transgressive events. Lowe and Gray (1980

p.174) argue that such a scheme has,

" chronozone boundaries are by definition isochronous surfaces (Hedberg. 1976).

4.



"the desirable qualities of flexibility, simplicity and accuracy in reflecting the uncertainty

of present knowledge" and

"any strict stratigraphic framework for N.W. Europe introduces a false precision to our

real knowledge of Lateglacial stratigraphy."

The terminology adopted throughout this study follows the climatostratigraphic scheme

of Lowe and Gray (1980). This scheme is illustrated in Table 1.1 and is defined as follows:

LATEGLACIAL INTERSTADIAL - The body of rock (sediment) strata formed between

the marked thermal improvement that occurred between about 14,000 and 13,000 years

B.P. and the thermal decline that took place between about 12,000 and 11,000 years B.P.

LOCH LOMOND (YOUNGER DRYAS) STADIAL - The body of rock (sediment) strata

formed between the thermal decline that took place between about 12,000 and 11,000

years B.P. and the marked thermal improvement that took place between about 10,500

and 10,000 years B.P.

LATEGLACIAL - The body of rock (sediment) strata formed between the start of the

LATEGLACIAL INTERSTADIAL and the end of the LOCH LOMOND (YOUNGER

DRYAS) STADIAL.

1.3 Field area description

The field area of this study encompasses the southern part of the Snowdonia National

Park, covering an area of approximately 1500 km2 (Figure 1.1) and herein informally referred to as

southern Snowdonia. The major geological and topographical characteristics of this area, together

with its climate, vegetation and soils are briefly described in this section.
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TABLE 1.1

Radiocarbon
years BP	 Climatostratigraphic Units

FLANDRIAN INTERGLACIAL

10,000	 -------------------------

transition

10,500

LOCH LOMOND
(YOUNGER DRYAS) STADIAL

11,000

transition

12,000

LATEGLACIAL INTERSTADIAL

13,000

transition

14,000

LATE DEVENSIAN

Climatostratigraphic subdivision and terminology for the Lateglacial
of N.W. Europe (after Lowe and Gray, 1980)
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1.3.1 Geology and topography

Southern Snowdonia contains the Moelwyn, Arenig, Rhinog, Aran and Cader Idris

mountain groups. The Arenig and Aran mountains form a major watershead; dividing the rivers Dee

and Conwy from the westward flowing rivers of the Dwryd, Mawddach and Dyfi (Figure 1.1). The

area consists wholly of Lower Palaeozoic rocks (Figure 1.2) whose varied lithologies and structural

elements influence topography throughout the area (Smith and George, 1961).

The major plunging anticline of the Harlech Dome separates the Snowdon and Central

Wales synclines and forms the north-south orientation of the Rhinog mountains (Matley and Wilson,

1946). These mountains contain thick beds of Cambrian gritstones, conglomerates and turbidites

which form the block-like peaks of Diffwys (75Dm), Y Llcihr (754 m), Rhinog Fach (711 m) and

Rhinog Fawr (720 m).

The Cambrian strata of the Harlech Dome are flanked by a variety of Ordovician

sedimentary and igneous lithologies. Of these lithologies the igneous rocks are most resistant to

erosion and form the peaks of Moelwyn Mawr (770 m), Arenig Fawr (854 m), Aran Fawddwy (907

m) and Cader Idris (893 m).

The Ordovician volcanics are in turn bounded to the east and south by less resistant

Upper Ordovician and Silurian mudstones which form an extensive lower lying dissected plateau

characterised by gentle curves and few prominances. Wells and Kirkcaldy (1966) describe the

topographic contrast between the volcanics and mudstones of this area as the most striking in the

country.
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Figure 1.2 Geology of the study area.
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1.3.2 Climate

Local climates vary sharply over the area as a function of altitude and distance from the

sea. West-facing slopes of the coastlands experience a mild oceanic climate, whereas mountain

summits of the interior endure sub-arctic conditions throughout the winter. Similarly, rainfall at the

coast is less than 1000 mm/annum, but rises eastward into the mountain interior to over 1500

mm/annum (Meteorological Office, 1952). Localised rainfall values can exceed 3000 mm/annum on

the higher mountain summits. The Climatological Atlas of the British Isles (Meteorological Office,

1952) shows that the Cader Idris area experiences more than 262 rain days per annum (>2.5 mm) and

more than 75 wet days per annum (>10 mm). Rainfall is evenly distributed throughout the year. The

mean annual number of days with snow lying at 900 m varies from about 45-60 days (Manley, 1949),

but longer lasting snow-beds may locally develop in north-east facing gullies.

Daily mean temperatures on the Snowdonian coast are 5.1°C for January and 15.8°C for

July. However, on summit areas, mean minimum temperatures can fall below freezing point between

September and April (Edgell, 1968). During anticyclonic weather in summer, air temperatures on

summits may occasionally rise about 21°C (Oliver, 1964) and the rate of temperature decrease with

altitude may be much reduced and even temporarily reversed.

1.3.3 Vegetation and Soils

Detailed descriptions of upland vegetation on Cader Idris (Evans, 1932; Edgell, 1967,

1968) and the Carneddau (Ratcliffe, 1954, 1959) are applicable to Snowdonia as a whole. Grasslands,

heaths and bogs are the predominant vegetation types.

The grasslands form a complex of communities with Nardus stricta, Agrostis tenuis,

Festuca ovina and Molinia caerulea being most abundant. Heath vegetation is dominated by

Vaccinium myrtillus and Calluna vulgaris, but extensive sheep grazing has restricted much of this

vegetation to slopes which are too steep and rocky to be grazed. Rock ledges also form refugia for a

rich variety of tall herb and arctic-alpine species such as Silene acaulis, Oxyria digyna, Lloydia

serotina and several members of the Saxifragaceae.
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Blanket bog vegetation covers large areas of flat or gently sloping terrain and often

intergrades with grasslands and heaths. Dominant species of the wetter areas include Sphagnum

papillosum, S. cuspidatum, S. nereum, Eriophorum angustfo1ium and Trichophorum caespitosum,

whereas drier areas are dominated by Juncus squarrosus, E. vaginaturn, V. myrtillus, F. ovina,

Deschampsia flexuosa and Polytrichum commune. Mires and springs occu ring at the base of steep

slopes are often characterised by Juncus effusus, I. acut f1orus and Molinia caerulea.

Native woodland of sessile oak (Quercus petraea) is restricted to sheltered valleys and

coastal areas, but Betula pubescens, Ulmus glabra, Fraxinus excelsior, Sorbus aucuparia and

Crataegus monogyna are common in most valleys. However, Forestry Commission plantations

dominated by spruce and larch have in recent years become the dominant woodlands.

Soil types vary considerably throughout the region, responding to variations in bedrock,

topography and drainage. In general the upland soils tend to be shallow and immature and are

dominated by variants of peaty gleyed podsols (Ball, 1959). In the lowlands a mosaic of brown earths

and gleyed soils is characteristic. Brown earths of low base status are developed locally on basic tuffs

and dole rite lithologies (Ball et al., 1969).
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CHAPTER 2

THE LOCH LOMOND STADIAL GLACIATION IN SOUTHERN

SNOWDONIA

2.1	 Introduction

Geomorphological mapping of Loch Lomond Stadial glacier limits in the British Isles

during the last two decades has been detailed and extensive (e.g. Gray and Brooks, 1972; Sissons

1972, 1974a, 1977a, 1977b, 1979a, 1979b, 1890a; Sissons and Grant, 1972; Sissons and Sutherland,

1976; Thompson, 1972; Gray, 1975, 1982; Robinson, 1977; Shaw, 1977; Ballantyne and Wain-

Hobson, 1980; Colhoun and Synge, 1980; Comish, 1981; Thorp, 1981, 1984, 1986; Sutherland, 1984;

Robertson, 1988; Ballantyne, 1989; Mitchell, 1991). The standardised mapping methods of Sissons

et al., have enabled meaningful comparisons of former glacier development from many regions of the

British Isles. The geomorphological evidence used for defining these former glacier limits is

reviewed by Gray and Coxon (1991) and includes the recognition of end moraines; lateral moraines;

hummocky moraines; boulder limits, drift limits and weathering contrasts of bedrock surfaces and

boulder suites.

During the Loch Lomond Stadial a large ice-cap with numerous outlet valley glaciers was

situated over the western Scottish Highlands. At other locations in the Scottish Highlands and the

Inner Hebrides over two hundred former ice masses have been mapped, largely comprising cirque

and valley glaciers (Sutherland, 1984). Elsewhere in the mountains of southern Scotland, northern

England, Wales and Ireland, former Loch Lomond Stadial glaciers were of limited size and

distribution. In these areas of limited glacier development, semi-permanent snow-beds were common

features, as evidenced by protalus ramparts (Lewis, 1966, 1970; Unwin, 1975; Ellis-Gruffydd, 1977;

Watson and Watson, 1977; Sissons, 1979a, 1980a; Colhoun, 1981; Gray, 1982; Ballantyne and

Kirkbride, 1985; Robertson, 1988). Fossil rock glaciers have also been recognised in areas of limited
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glaciation (Dawson, 1977; Letzer, 1978; Sissons, 1975, 1979a, 1980a; Chattopadhyay, 1984;

Mitchell, 1991).

The detailed mapping of Loch Lomond Stadial glacier limits enables the reconstruction

of former glacier dimensions and distributions and thus provides the basic data for the calculation of

regional fim line altitudes sensu Sissons (1974a). Palaeo-fim line altitude data can in turn be used for

estimating Loch Lomond Stadial climatic conditions, usually July mean temperatures and the former

distribution of precipitation (Sissons, 1974a, 1977a, 1979b, 1980b; Sissons and Sutherland, 1976).

In this Chapter, geomorphological evidence is presented for the former extent and

distribution of Loch Lomond Stadial glacier and snow-bed limits in southern Snowdonia. The

evidence of former glacier and snow-bed distribution is described and illustrated in Section 2.6 by a

series of maps (Figures 2.2-2.11) and plates (Plates 2.1-2.7). The geomorphological evidence is then

used to reconstruct former glacier dimensions and to calculate former equilibrium firn line altitudes

(Section 2.8). The climatic significance of these firn line altitudes and other glacier and snow-bed

parameters are then assessed in Section 2.9.

2.2 Previous studies

Few detailed attempts have been made to systematically map the distribution of moraines

in the cwms of upland Wales. Moraines and protalus ramparts have been mapped in the Brecon

Beacons (Lewis, 1966; Ellis-Gruffydd, 1972, 1977; Robertson, 1988) and in the northern part of the

Snowdonia National Park (Seddon, 1957; Unwin, 1970; Gray, 1982). In Snowdonia, only Gray's

1982 study provides sufficient detail to enable meaningful comparisons with similar studies from

elsewhere in Britain. Gray (1982) presented evidence from northern Snowdonia of thirty-five former

"cwm" glaciers and sixteen former semi-permanent snow-beds which he assigned to the Loch

Lomond Advance. Detailed glacier reconstructions and surface contouring of former ice masses

enabled regional firn line altitudes to be calculated for northern Snowdonia and provided the basis for

palaeoclimatic inferences.
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In contrast to the northern part of the Snowdonia National Park, the cwm moraines of

southern Snowdonia have received little previous attention. However, cwm moraines in the Cader

Idris area of southern Snowdonia have long been recognised and indeed interpreted as bclonging to a

phase of local glaciation, distinct from earlier ice-sheet glaciation as Cox and Wells (1927, p.3 14)

observed:

"It is doubtful if any parts of Wales excels the Dolgelley district in its wealth of features

attributable to the Pleistocene glaciation. The features observed must, however, be

referred to more than one phase of glaciation; there is evidence of a regional as distinct

from a local glaciation, when the ice was restricted to the valleys and latterly to the

corries."

This important observation was incidental to Cox and Well main objective to map the

Palaeozoic geology of the Dolgellau district and the geomorphological evidence for glaciation was

not stated.

A few examples of cwm moraines have subsequently been briefly described in the Cader

Idris area (Watson, 1960; Watson and Watson, 1977) and in the Arenig mountains (Rowlands, 1970).

Foster (1968) examined the glacial deposits of the Harlech Dome (Rhinog mountains), but did not

record any evidence of former localised glacier development. The relatively few previous studies thus

provide only scant evidence for the former distribution of cwm glaciers in southern Snowdonia.

Detailed and systematic mapping of the geomorphological evidence for former glacier and snow-bed

limits throughout southern Snowdonia was therefore undertaken in order to increase our

understanding of former glacier development in North Wales and enable meaningful comparison with

similar studies from elsewhere in Britain.
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2.3 Study area

The area of field mapping focussed on the Cader Idris, Aran, Arenig, Moelwyn and

Rhinog mountain groups described in Section 1.3 (Figure 1.1). The adjacent mountain groups of the

Berwyns to the east and Plynlimon to the south were also examined, but no evidence of former glacier

development was found in these areas.

2.4 Mapping methods

Stereoscopic examination (xlO magnification) of vertical aerial photographs (1:15,000

scale) was initially used to locate geomorphological evidence of former glacier limits believed to be

associated with the Loch Lomond Stadial glaciation. This was followed by detailed

geomorphological field mapping of glacial landforms at scales ranging from 1:10,000 to 1:4,000.

Geomorphological maps and detailed descriptions of individual former glacier and snow-bed sites are

presented in Section 2.6.

Many former glacier limits in southern Snowdonia are marked by end moraines of

morphologically "fresh" appearance and their former lateral extents are often defined by lateral

moraines and boulder limits. However, difficulties may arise with the interpretation of ridge forms

situated at the base of cliffs, because these ridges may have accumulated at the foot of permanent

snow-beds rather than at the margins of true glaciers. These problems are discussed in the following

section.
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2.5 Protalus ramparts and problems of their identification

A protalus rampart is an arcuate or linear ridge which forms by frost-riven debris falling

onto and sliding down the surface of a perennial snowpatch to accumulate at its foot. Features thus

formed are often similar in appearance to moraine ridges of glacial origin, but their correct

identification is desirable because their altitudes should not be included in the calculation of glacier

firn line altitudes.

Protalus ramparts have been reported from south Wales (Lewis, 1970; Ellis-Gruffydd,

1977; Robertson, 1988), mid Wales (Watson, 1967, 1977; Watson and Watson, 1977) and north

Snowdonia (Unwin, 1975; Gray, 1982). They are also widespread throughout the Lake District

(Sissons, 1980a) and the Scottish Highlands (Sissons, 1976a, l979a; Ballantyne, 1984). Field

evidence suggests that most of the ridges are relict features from the Loch Lomond Stadial

(Ballantyne and Kirkbride, 1985).

Several criteria have been proposed for assigning fossil ridge forms into the categories of

protalus rampart or glacial moraine. These criteria are discussed below.

Ridge sediments: Few studies have been made on the sedimentological characteristics

of protalus ramparts. Ballantyne and Kirkbride (1985) examined the size, sorting, angularity and

form of clasts from unequivocal examples of protalus ramparts and moraines developed on the same

lithologies. They concluded that protalus ramparts are normally openwork deposits containing a

variable infill of fines; whereas the clasts in moraines tend to be embedded in a true matrix of fines.

Clast size and sorting appear to be strongly influenced by lithology and were not considered to be

reliable discriminants of protalus ramparts and moraines. However, for any particular lithology,

clasts tended to be consistently more angular and "slabbier" in ramparts than in moraines.

The process of debris transport over the surface of a small glacier with high surface

gradient may differ little from that over a snowpatch and the sedimentological differences between

the resultant ridge forms are likely to be small or even indistinguishable; both will be similarly
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composed of little modified, highly angular and poorly sorted debris. This situation occurs in the

Cader Idris area of the present study where well jointed and highly angular clasts of igneous

lithologies often give rise to the same predominantly openwork deposits in ridges of both nival and

unequivocal glacial origin.

Ridge morphology: Lewis (1966) suggested that protalus ramparts are normally linear

in plan, whereas glacial moraines are usually arcuate. However, Sissons (l980a) and Ballantyne and

Kirkbride (1985) record protalus ramparts with both linear and arcuate morphology. Linear protalus

ramparts are commonly formed beneath continuous cliff faces whereas arcuate protalus ramparts

typically occur beneath less extensive cliffs. Ballantyne and Kirkbride conclude that protalus

ramparts may be linear or arcuate in plan; rarely exceed 300 m in length and are normally represented

by a single ridge only. However, such descriptions can similarly apply to moraines and ridge

morphology alone is often insufficient to differentiate between ridges of nival and glacial origin.

Ridge location: A ridge's distance from a headwall and an estimate of the former

snowpatch or glacier surface gradient provide a basis for assessing the approximate depth of fim

which accumulated behind a ridge. Although the rate and depth at which snow is transferred through

firn into ice can be variable [being largely dependent upon compression, temperature and the presence

of meitwater (Paterson, 1969)] it is generally accepted that about 30 m of firn is normally sufficient

for the formation of glacier ice (Embleton and King, 1975, p.143).

The 30 m threshold for firn/ice transformation thus provides an approximation for

differentiating between ridges of nival and glacier origin and also provides a consistent measure for

comparing ridge sites both within and between regions. Thus Gray 1982 used this methodology in

northern Snowdonia and concluded that of fifty-one studied ridge locations, thirty-five were formed

by former glaciers and sixteen were formed by former snow-patches. The 30 m critical threshold is

also adopted in this study for assessing the most likely origins of the various ridges.

Each ridge site in the present study was surveyed by abney level, ranging rods and tape.

The line of each survey measured the slope angles from the base of the distal ridges slope angles to
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the top of the adjacent headwall. This line was taken across the widest section (normally near the

midpoint of the ridge). These slope profiles enabled the estimation of the thickness of fim which

accumulated within the proximal confines of each ridge. An example of these measurements from a

typical protalus rampart profile is illustrated in Figure 2.1. This ridge lies in close proximity to a cliff

face on the south shore of Llyn Aran in the Cader Idris area (Figures 2.3 and 2.5, Plate 2.5) and is

described in Section 2.6.11 (snowpatch h).

Figure 2.1 shows that accurate estimates of former fimfice thicknesses are hindered by

uncertainties relating to the former upsiope extent of the snowpatch/ice mass and the unknown

thickness of postglacial talus accumulation. For ridges lying in close proximity to cliff faces, the

former snowpatch/ice mass surfaces were assumed to have extended from the ridge crest up to 2/3 of

the headwall height (often approximately coincident with the present day upper limit of talus

accumulation). Extension of the former snowpatch surface from the ridge crest to the top of the

headwall is considered unrealistic because, under such conditions, frost riven debris would not have

been supplied to the snowpatch foot. Furthermore Figure 2.1 shows that by taking the extreme

example of extending the former snowpatch surface upsiope, the maximum firn thickness is only

increased by a further 8 m.

The thickness of postglacial talus accumulation behind ridges is often difficult to

estimate, but in the present study is unlikely to have exceeded 10 m. Throughout this study, the

estimated former depth of firn accumulation at each site probably represents a minimum figure, but

nevertheless provides a useful means of assessing the likely origin of each ridge. Thus on the basis

of former fim thickness estimates, nine of the sixteen ridges measured in this study were categorised

as protalus ramparts (estimated fim thicknesses ranging between 10 m and 30 m). The remaining

seven ridges were interpreted as true glacial moraines (estimated firn/ice thicknesses ranging between

50 m and 160 m). Information on former firn/ice thicknesses for each studied location is pmvided in

Tables 2.1 and 2.2.
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2.6 Former glacier and snowpatch limits

In this section the geomorphological evidence for former glacier and snowpatch limits is

presented. The evidence is illustrated by maps (Figures 2.2-2.11) and photographs (Plates 2.1-2.7)

and is described as follows:

2.6.1 Snowpatch a

The former limit of snowpatch a is defined by a blocky rampart perched on a rock bench

on the backwall of Cwm Cyn at SH6601 17 (Figures 2.3 and 2.5, Plates 4.7 and 4.8). The ridge lies at

466 m O.D., but the cwm floor at 360 m O.D. is devoid of moraines or protalus ramparts.

The feature is 100 m long, 2 m high and curves up the hillside at its eastern end. A gap in

the western end of the ridge marks the former emergence of a meltwater channel. Approximately 27

m of fim is estimated to have formerly accumulated behind this ridge which is interpreted as a

protalus rampart. The proximal confines of the ridge are boulder strewn and two smaller ridges

within this area mark successive stable positions of the snowpatch as it retreated from its maximum

extent.

2.6.2 Snowpatch b

The former limit of snowpatch b is defined by an arcuate ridge at SH667 124 (Figures 2.3

and 2.5). This site lies 0.5 km to the north-east of former snowpatch a and occurs below crags of

similar aspect at 496 m O.D. The ridge is 200 m long and has a subdued appearance, with few

boulders on its surface and a depression on its proximal side. Approximately 26 m of firn is

estimated to have formerly accumulated behind this ridge which is interpreted as a protalus rampart.
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Figure 2.2 Areas of field mapping in southern Snowdonja with locations of

Figures 2.3-2.11.
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- -500-

Terminal moraine, lateral moraine
or protalus rampart.

Moraine ridges and mounds.

Boulder deposits.

Meitwater channel.

Kettle holes
(Figure 2.7 only)

Talus cone
(Figure 2.7 only)

Inferred limit of former glacier
or snowpatch with interpreted former contours.

Lake.

Pollen site.

Steep cliffs.

Contour (m).

Ref.no. of former glacier.

Ref.letter of former snowpatch

Figure 2.4 Geomorphological mapping key to Figures 2.5-2.10.
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2.6.3 Snowpatch c

The former limit of snowpatch c is defined by an arcurate ridge atSH679l38 (Figures 2.3

and 2.5). This ridge is 150 m long, 4 m high and is perched on a rock bench bclow the north facing

crags of Craig las at 457 m O.D. The proximal confines of the ridge are completely boulder strewn

and 22 m of firn is estimated to have formerly accumulated behind this feature which is interpreted as

a protalus rampart.

2.6.4 Snowpatch d

The former limit of snowpatch d is defined by an arcuate ridge at SH7071 17 (Figures 2.3

and 2.6). The ridge is 60 m long1 2 m high and lies in the north-west corner of Cwm Amarch, Cader

Idris at 550 m O.D. Approximately 14 m of fim is estimated to have formerly accumulated behind

this ridge which is interpreted as a protalus rampart.

Watson (1967) describes extensive slope deposits on the eastern side of Cwm Am arch

consistent with former snowbed accumulations, but no reference is made to this protalus rampart.

2.6.5 Glacier 1

The former limit of glacier I is marked by moraine ridges on the rock-lip entrance to

Cwm Cau, Cader Idris at SH718 124 (Figures 2.3 and 2.6). These moraines terminate on the lip of a

rock-step at 457 m O.D. which steeply falls for Ca. 50 m before levelling out on a lower valley floor.

Because moraines are absent from the lower valley floor, it is likely that the former glacier snout did

not extend beyond the rock-step; although calved ice and boulders may occasionally have avalanched

over the edge of the rock step. A maximum ice thickness of 160 m is estimated to have existed whilst

the former glacier was at its maximum extent and therefore represents the thickest local ice-mass to

have developed in this area during the Loch Lomond Stadial (Fable 2.1).
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Figure 2.6 Details of former glacier and snowpatch limits on Cader Idris.
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A sediment core was obtained from within this infeed former glacier limit by sub-aqua

divers from the bed of Llyn Cau (Figure 3.5, Plate 3.8). A detailed description of the

lithostratigraphy, pollen-stratigraphy and interpretation of this core is given in CHAPTER 3 (Section

3.6).

2.6.6 Glacier 2

The former limit of glacier 2 is defined by an arcuate end moraine which dams Llyn y

Gadair on the north facing cwm of Cader Idris at SH707137 (Figures 2.3 and 2.6, Plates 2.1, 2.2 and

2.3). This end moraine is 600 m long, 8-10 m high and lies on the lip of the cwm. The end moraine

merges westwards into a sharply defined boulder limit which extends 400 m beyond the cwm and

terminates in a lobe of arcuate and lateral moraines (Figure 2.7, Plate 2.3).

The proximal confines of this former glacier are mantled by angular, columnar-jointed

blocks of granophyre (individual blocks are typically 1-3 m long). Within the "western lobe", the

boulder strewn terrain is largely unvegetated and forms a poorly sorted chaotic mass with openwork

texture. The western lobe is also characterised by an abundance of steep sided enclosed depressions,

each one being typically 2-4 m deep and 3-5 m wide.

The surface morphology of the western lobe has several features which are characteristic

of rock glaciers sensu Wahrhaftig and Cox (1959); Potter(1972) and Johnson (1980). Both "active"

and "fossil" rock glaciers have been extensively described from arctic and alpine environments

worldwide (Outcalt and Benedict, 1965; Corte, 1976; White, 1976; Scrrat, 1980). Rock glaciers are

known to originate in many different ways, but typically form where large amounts of debris

accumulate over an active glacier surface, thus effecting its ablation and flow characteristics

(Whalley, 1974). Within the British Isles, fossil rock glaciers have been described from Wester Ross

(Sissons, 1975), the Isle of Jura (Dawson, 1977), the Caimgorms (Sissons, l979a; Chattopadhyay,

1984) and the Lake District (Sissons, 1980).
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The feature mapped in this study is inferred to have formed by the accumulation of a

considerable volume of rock debris over the terminal extension of the former glacicr. The precipitous

cliffs of Cyfrwy (the saddle) rise 250 m above this feature and the columner jointed granophyre of the

cliff face provided the source of this rock debris. Indeed postglacial talus accumulation from these

cliffs has remained active as testified by six coalescing talus cones sensu Rapp (1960). The largest of

these talus cones eminates from a fault controlled gulley in the cliff face (Figure 2.7).

The presence of about forty steep sided pits are a conspicuous feature of the surface

morphology of the western lobe (Figure 2.7, Plate 2.3) and similar features arc often common on

active rock glacier surfaces. Vernon and Hughes (1966) consider that "conical" or "steep-sided

collapse pits" are a diagnostic feature of ice-cored rock glaciers. Similarly Wahrhaftig and Cox

(1959) describe irregular rows of conical pits which generally extend down-valley from the point of

meltwater discharge from the glacier. Wahrhaftig and Cox also mention that meitwater may flow on

the surface as far as the uppermost pit into which it then disappears. They consider that conical pits

are formed by thawing of ice and removal of fines by water which descends into the rock glacier.

It is perhaps significant that in this Cader Idris example, a former rncltwater channel

emerges in the area from where the first downslope concentrations of steep-sided pits occur. This is

also coincident with the discontinuation of the limit defined by the arcuate end moraine and its

westward continuation as a boulder limit. It is speculated that this once represented a transition in

facies from an area of active relatively clean ice into an ice-cored rock glacier.

The debris cover of ice-cored rock glaciers protects the underlying ice from ablation and

they are therefore able to exist under conditions in which glaciers not so covered, undergo

downwasting. Indeed, Johnson (1980) states that many ice-cored rock glaciers in the south-west

Yukon of Canada still exhibit considerable terminus advances, even though their true glacier

counterparts have retreated back into the cirques. In the present study, it is not known for how much

longer the ice-core of the rock glacier survived in relation to relatively cleaner ice within the cwm, but

it is possible that stagnant ice at least may have lingered below the rock glacier surface even after the

final disappearance of ice from the cwm.
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The mapped limits of this former glacier/rock complex did not contain any deposits on its

land surface suitable for pollen analyses and subsequent dating of ice disappearance. However, a

sediment core was obtained by sub-aqua divers from the bed of Llyn y Gadair, (Figure 2.7, Plate 3.6).

A detailed description of the lithostratigraphy, pollen stratigraphy and interpretation of this core is

given in CHAPTER 3, (Section 3.5).

2.6.7 Snowpatch e

The former limit of snowpatch e is defined by an arcuate ridge at SH713 135 (Figures 2.3

and 2.6). The ridge is 40 m long, I m high and is partly buried by postglacial talus, particularly where

it merges into the hillside. It lies at 550 m O.D. and is situated 200 m east of the end moraine

described in the previous section. Approximately 10 m of firn is estimated to have formerly

accumulated behind this ridge which is interpreted as a protalus rampart.

2.6.8 Snowpatch f

The former limit of snowpatch f is defined by an arcuate ridge at SH716135 (Figures 2.3

and 2.6). The ridge is 80 m long, I m high and lies at 530 m O.D. The proximal confines of the ridge

are boulder strewn and 18 m of firn is estimated to have formerly accumulated behind this ridge

which is interpreted as a protalus rampart.

2.6.9 Snowpatch g

The former limit of snowpatch g is defined by an arcuate ridge at SH718137 (Figures 2.3

and 2.6, Plate 2.4). The ridge is 200 m long, 2-3 m high and lies at 520 m O.D. A shallow depression

occurs within the proximal confines of the ridge and 30 m of fim is estimated to have formerly

accumulated behind the ridge which is intepreted as a protalus rampart.
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2.6.10 Glacier 3

The former limit of glacier 3 is defined by an arcuate end moraine lying below the north-

east face of Twr Du at SH721 136 (Figures 2.3 and 2.6). The moraine is 300 m long and 3-5 m high

with an extensive former ice contact slope which merges into a large boulder strewn depression. A

few small ridges (less than 1 metre high) occur close to the headwail and are partly buried by

coaiding talus cones. Watson (1967) described this feature as a "protalus moraine". However,

approximately 60 m of firn is estimated to have formerly accumulated behind this ridge which is

therefore intepreted as a moraine which formed at the terminus of a former small glacier.

2.6.11 Snowpatch h

The former limit of snowpatch h is defined by a linear ridge situated east of Mynydd

Moel on the southern shore of Llyn Aran at SH735138 (Figures 2.3 and 2.6, Plate 2.5). The ridge is

200 m long, 10 m high and lies at 485 m O.D. Approximately 20 m of fim is estimated to have

formerly accumulated behind this ridge which is intepreted as a protalus rampart. The ridge merges

eastwards into an area of indistinct mounds and boulder strewn terrain which suggest that the former

snowpatch may have been less stable at its eastern end.

This feature is used as an example for illustrating how former thicknesses of firn

accumulation are estimated (Figure 2.1).
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2.6.12 Snowpatch i

The former limit of snowpatch i is defined by an arcuate ridge situated at the head of

Bwlch Llyn Bach below the north-west facing cliffs of Craig y Liam at SH757 137 (Figures 2.3 and

2.4). The ridge is 200 m long, 20 m high and has been described in detail by Watson (1977) as an

example of a protalus rampart. In this study approximately 25 m of firn is estimated to have formerly

accumulated behind this ridge and is therefore in agreement with Watson's interpretation of this ridge

being a protalus rampart. This protalus rampart lies at 275 m O.D. which is the lowest altitude for a

protalus rampart in this study area (Table 2.2).

2.6.13 Glacier 4

The former limit of glacier 4 is defined by an end moraine on the eastern shore of Llyn

Lliwbran at SH878254 (Figure 2.8). This end moraine is 100 m long, 4 m high and is incised by a

former meltwater channel at its southern end. A lateral moraine composed chic fly of large boulders

up to 3 m high can be traced along the northern hillside of the cwm. However a less distinct line of

smaller boulders occurs some 30-40 m beyond the distal slope of this lateral moraine and probably

marks the maximum lateral limit of the former glacier.

2.6.14 Glacier 5

The former limit of glacier 5 is defined by a large end moraine on the eastern shore of

Llyn Arenig Fach at SH82941 8 (Figure 2.9). The end moraine is 400 m long, 100 m wide and 10 m

high and comprises four major ridge crests. The distal edge of this moraine is exceptionally well-

defined along its southern half, but an area of boulder strewn terrain extends for Ca. 100 m beyond the

end moraine in its central area and appears to coincide with a former emergent mcliwater channel.
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This moraine was described by Fearnsides (1905) who considered it to be a lateral

moraine of a valley glacier which formerly occupied the Farthew Valley. More recently, Rowlands

(1970, 1978) reinterpreted this feature as a locally derived block moraine representing the most recent

glacial deposits within the region.

Lateral moraines to the north and south of Llyn Arenig Fach indicate that the end moraine

was derived locally from a former "cwm" glacier which lay beneath the eastern cliff face of Arenig

Fach. The maximum lateral extent of the former glacier and successive stages of retreat are marked

on the south side of the lake by a series of indistinct lateral moraines. On the northern side of the lake

lateral moraines are discontinuous, but are of "fresh" appearance.

The former glacier limit at Arenig Fach is in agreement with that proposed by Rowlands

(1970) with the exception of the northern limit, which Rowlands maps as extending 300 m north of

the limit proposed in this study. Rowlands proposed limit appears to be based on the recognition of a

topographicaUy elevated area and it is difficult to assess how much of this topography is bedrock

controlled. The former limit mapped in this study (Figure 2.9) is based on the recognition of

moraines of "fresh" morphological appearance and is considered to be a more accurate reconstruction

of the former glacier limit.

During conditions of low water, fine grained volcaniclastic bedrock surfaces are exposed

on the western side of the lake which exhibit abundant striations and crescentic fractures. These small

scale glacial erosional features are similar to those described by Gray and Lowe (1982) from Llyn

Llydaw and Marchlyn Mawr in northern Snowdonia. No detailed measurements were made of these

features at the time of their discovery and subsequent visits to the lake found them to be submerged.

The mapped limits of this former glacier did not contain any deposits on its land surface

suitable for pollen analyses and subsequent dating of ice disappearance. However, two sediment

cores were obtained by sub-aqua divers from the bed of Llyn Arenig Fach (Figure 2.9). Detailed

descriptions of the lithostratigraphy, pollen stratigraphy and interpretation of these cores are given in

CHAPTER 3 (Section 3.4).
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2.6.15 Glacier 6

The former limit of glacier 6 is defined by a mass of boulder strewn lobes which

terminate abruptly some 30 m south of a derelict chapel at SH673465 (Figure 2.10). A large moraine

emanates from the cliff face of Foel Ddu at SH671463, but owing to the lack of geomorphological

evidence, the western limit is conjectural. The lower limit of the former glacier at 350 m O.D. is the

lowest altitude recorded for a former glacier in the study area.

2.6.16 Glacier 7

The former lateral limits of glacier 7 are exceptionally well dclined by lateral moraines

emanating from the north facing cwm on Moelwyn Mawr at SH6545 (Figures 2.10 and 2.11, Plates

2.6 and 2.7). These lateral moraines are 200 m long and 10 m high, but the castemmost lateral

moraine may have been partly destroyed by the building of a track and slate tip. The proximal

confines of these lateral moraines comprise an elevated area of boulder strewn terrain (chiefly of

dolerites and slates) which form a "staircase" of scarps and ridges which trend at right angles to the

lateral moraines. A few conical pits occur high in the western corner of the cwm.

The feature as a whole is 450 m long, 200 m wide and falls from hcadwall talus slopes at

Ca. 700 m O.D. to 400 m O.D. where it terminates on the edge of the steep sided glacial trough of

Cwm Croesor. The large volume of boulder accumulations in the central mass of the feature coupled

with the well-developed lateral moraines are characteristic of fossil rock glaciers (Johnson, 1980). A

relative sequence of events may be inferred to account for this fossil rock glacier morphology and is

described below and illustrated in Figure 2.12.
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Figure 2.11 Details of fossil rock glacier at Moelwyn Mawr.
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The well developed lateral moraines suggest that an active glacier must have existed in an

equilibrium state for a substantial period of time (Figure 2.12, Stage A). A phase of ice recession

away from the lateral moraines, accompanied by some downwasting is then likely to have occurred

before the central mass was deposited (Figure 2.12, Stage B). This is suggested by the clear

separation of the central mass from the lateral moraines, particularly on the western side where a gap

of relatively boulder free terrain, up to 40 m wide separates the two.

Shortly after, or accompanying the reduction in glacier surface area and ice thickness, a

debris cover must have developed over the whole glacier and hence fundamentally altered its

glaciological behaviour. The ablation rate of the ice would be greatly reduced beneath its acquired

debris cover and transverse flow structures developed, probably as a response to ice deformation by

increased loading or even by normal glacier activity throughout the whole length of the ice-core

(Johnson, 1980). The system at this stage would conform to the description of an active icc-cored

rock glacier (Figure 2.12, Stage C).

It is probable that the ice-core existed beneath its protective cover of rock debris for some

time after the disappearance of "normal" glaciers from the surrounding area. The final disappearance

of the ice-core resulted in the distinctive morphology of the fossil rock glacier essentially as seen at

the present day.

2.7 Limitations of the evidence

The distribution of the inferred former glacier and perennial snowpatch limits is strongly

influenced by relief, being restricted to the mountain areas developed mainly on Ordovician igneous

lithologies. Evidence of former localised glaciers is however lacking in the Rhinog Mountains and

thmughout much of the Arenig mountain region (Figure 1.1). Indeed there are a number of locations

in which glaciers might be expected to have existed contemporaneously with those which have been

mapped. Several peaks in the Rhinog Mountains exceed 700 m in altitude and contain east facing
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cwms which are devoid of glacial depositional landforms. Likewise on Arcnig Fawr (854 m), several

east and north facing localities do not contain evidence for local glacier deposition, despite the fact

that a former glacier flourished below the east facing crags of Arenig Fach (689 m) lying only 4 km to

the north.

Although the absence of former glaciers from certain areas may be of local climatic

significance, it is important to recognise the limitations of such negative evidence. As Sissons

(1974b, p.319) has pointed out:

"Glaciers do not always leave readily identifiable evidence of their former limits, while

evidence that they have left may be subsequently dcstmyed or concealed."

The north facing cwm on Maesglasau at Ca. 600 m (SH818152) provides an example of a favourable

location for glacier development but the steep gradient of the cwm floor would have precluded the

development of stable moraine landforms. Fossil debris fans are exceptionally well developed on the

valley bottom below such locations (SH8 16162). A somewhat enigmatic situation exists in the

comparison of two neighbouring cwms located in the Aran mountains. The cwm floor containing the

lake of Craiglyn Dyfi (SH866225) at an altitude of 600 m is devoid of glacial depositional landforms,

whereas the neighbouring cwm containing Llyn Lliwbran (SH875255), lying 3 km to the north and

some 150 m lower in altitude contains abundant evidence of having contained a former glacier

(Figure 2.8). The implications of this evidence are discussed in Section 2.9, but presently serves to

illustrate the equivocal and sometimes fragmentary nature of the evidence used in attempting to

reconstruct former glacier limits, especially in areas which were marginal for glacier development.

2.8 Glacier reconstruction, assumptions and methods

Data for 7 former glaciers and 9 perennial snowpatch limits are summarised in Tables 2.1

and 2.2. The hypothesis that these features of similar morphologically fresh appearance originated
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during the same phase of a glacier advance, namely the Loch Lomond Advance is tested by pollen

stratigraphic methods described in Chapters 3 and 4.

The majority of the field evidence enabled the delimitation of equilibrium snout positions

for former glaciers to a considerable degree of accuracy and precision. This accuracy cannot be

claimed for the limits drawn below cwm headwalls where evidence is normally lacking (Gray, 1982).

In these circumstances, limits have been drawn to 30 m below the top of the headwall (sensu Sissons,

1980a; Gray, 1982). However, the areal constraints imposed on a localised glacier within a cwm are

such that any areal margins of error are likely to be minimal.

The accurate reconstruction of former glacier surfaces is a necessary prerequisite for

determining equilibrium fim line altitudes which, in turn, provide a basic parameter for pa1aeoclimae

inference and enable comparison of different glaciers. A "fim line" is the position on a glacier surface

where the net accumulation and ablation are exactly balanced and when a glacier attains its maximum

extent and achieves equilibrium, the tim line may be termed the "equilibrium tim line". The method

of equilibrium tim line determination described by Sissons (1974) has been widely employed as a

standard technique for calculating former tim lines on Loch Lomond Stadial glaciers throughout

Britain (Sissons and Sutherland, 1976; Comish, 1980; Sissons, 1980a; Gray, 1982). It is based on the

assumption that ablation and accumulation gradients are each linearly related to altitude and the tim

line altitude is therefore dependent only on the altitudinal distribution of the glacier surface. The

method therefore requires the measurement of glacier areas within various altitudinal limits which is

achieved by the reconstruction of contours over the glacier surface (Figures 2.5, 2.8, 2.9 and 2.10).

Contours are drawn at 50 m intervals and by analogue with modern glaciers exhibit up-valley

concavity towards their snouts, tend to be straight in their middle parts and become convex up-valley

on their highest portions. Glacier areas may then be measured within various altitudinal limits by

using a grid of squares with sides equivalent to 25 m. The equilibrium firn line may then be

calculated using the linear generalisation of accumulation and ablation gradients as proposed by

Sissons (1974 p.109) i.e.,
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A .h.
1 =0 1 1

A.1 =0 1

where x = altitude of the fim line in metres,

A1 = area of the glacier surface at contour interval i expressed in km2,

= altitude of the mid point of contour interval i, and

n+1 = number of contour intervals.

The resulting equilibrium fim line altitudes calculated by this method arc given in Table 2.1.

2.9 Glacier/snowpatch parameters and their climatic significance

The paucity of data points (7 former glaciers) limits meaningful statistical comparisons

between individual former glaciers and precludes the reconstruction of a regional fim line. Climatic

inferences from these data are therefore similarly limited. The two largest former glaciers which

occurred on Cader Idris had areas of 0.51 km2 and 0.52 km2 respectively and arc of average area for

those mapped in Snowdonia (Gray, 1982). However, the seven glaciers as a whole contributed an

area totalling a mere 1.88 km 2 with an average glacier size of 0.27 km 2. Some basic comparisons are

made with similar data published from the Lake District (Sissons, 1980a) Snowdonia (Gray, 1982)

and South Wales (Robertson, 1988) in Table 2.3.

The local fim line of ca. 600 m indicated by the three former glaciers on Cader Idris

equates with the average calculated by Gray (1982) for former Loch Lomond Advance glaciers in

Snowdonia. Since present day precipitation values for Cader Idris and Snowdonia are similar (ca.

3000-3500 mm/annum) the temperature values estimated by Gray from Liestol's curve (published in

Sissons, 1979b) also apply i.e. the evidence suggests a July mean of ca. 8.5°C at sea-level during the

period when the glaciers were at equilibrium positions. This value is in accordance with an

equivalent temperature of 8°C derived from Loch Lomond Stadial equilibrium urn lines from the

Lake District (Sissons, 1980a) and 9°C for central England and North Wales based on data from

Coleoptera (Coope, 1977).
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Within southern Snowdonia, differences are clearly demonstrated between features

inferred to be of snowpatch origin and those of true glacier origin (Tables 2.1 and 2.2). The average

estimated depths of former snowpatches is 21 m whilst the comparable value for former glaciers is 84

m. Differences in the angles of elevation are similarly demonstrated with 280 for snowpatches and

160 for glaciers. These values confirm the usefulness of the two basic criteria used for differentiating

between fossil ridges of similar morphology, i.e. estimated maximum depth of firn accumulation and

angle of the former ice/fim surface. Comparative figures have unfortunately not been published for

similar examples from Snowdonia and the Lake District.

Because the mountains of southern Snowdonia represented a marginal environment for

glaciation the effects of aspect, altitude and transfer of snow on glacier development are often clearly

demonstrable. All of the former glaciers and snowpatches had aspects between NNW and ESE,

largely due to increased protection from direct solar radiation resulting in relatively less ablation. It

may be argued that this grouping is a reflection of pre-existing cwm orientations, but examples occur

where ridge orientation is clearly independent of cwm orientation, as for example snowpatch d

(Figure 2.6).

The effects of aspect on glacier and snowpatch development are particularly well-

exemplified in the Cader Idris area (Figures 2.3, 2.5 and 2.6). There is no evidence to suggest that

local glacier ice has existed in the two west-facing cwms of Cader Idris in spite of the fact that their

potential accumulation areas both exceed 600 m in altitude (Figure 2.6). The south-facing Cwm

Amarch similarly lacks evidence of former ice occupation but was able to nourish a small snowpatch

high in its north-west corner. It may be inferred that this former snowbed was able to survive in this

situation as a result of the steep east facing cliffs of the cwm which afforded some protection from

direct solar insolation. This clearly represents a marginal case for snowpatch development in which

the snowpatch orientation was substantially different from that of the cwm 's orientation. In the east

facing Cwm Cau and on the north face of Cader Idris glaciers and snowpatches clearly flourished and

were able to survive at altitudes of 500 m.
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Differences in aspect may help to explain an apparent anomaly of glacier development in

the Aran mountains. The cwm containing the lake of Craiglyn Dyfi has its floor at an altitude of

about 600 m and although it is flanked by the steep east facing cliffs of Aran Fawddwy (907 m), the

axis of the cwm is due south. It is perhaps significant that there is no evidence to suggest that this

cwm has contained a former local glacier. This situation contrasts with that of the cwm containing

Llyn Lliwbran, which lies 3 km to the north with its floor being some 150 m lower in altitude. There

is abundant evidence to indicate the former existence of a local glacier in this cwm (Figure 2.8), but

the axis of the cwm in this case is due east and the former glacier would have been surrounded by

steep slopes on three sides. It is therefore probable that favourable N-NE aspects for glacier

development may locally have lowered firn line altitudes considerably.

The relationship of aspect with glacier dimensions and altitudes have revealed some

significant trends for former Loch Lomond Stadial glaciers in Scotland (Sissons, 1977b, 1979b,

1980b). Sissons observed that former south facing glaciers were often larger than north facing ones

and that glaciers often occurred at lower altitudes on the southern sides of mountain groups. Because

these observations oppose the influence of direct solar insolation, they suggest that some factor was

overriding this. Sissons (1977a) therefore invoked heavier snowfall for the southern sides of

individual upland areas and suggested that the principal snow bearing air streams approached from

southerly directions. However, these observations cannot be substantiated in the field area of this

study because south facing locations were clearly unfavourable for glacier or indeed snowpatch

development. Similarly evidence from the Southern Uplands (Comish, 1981), the Lake District

(Sissons, 1980a), and Snowdonia (Gray, 1982) do not indicate any regional trends to suggest the

predominance of snow bearing southerly air streams. This is not to suggest that southerly air streams

were unimportant for supplying precipitation, rather the amount of precipitation which they supplied

was not high enough to survive the effects of direct solar insolation in southerly locations.

Related to aspect are the effects of shading which due to the amplitude of relief on Cader

Idris may locally have attained major importance for snowpatch or glacier development. The near

vertical north facing cliffs of Cyffry attain 250 m in height, whilst cliffs in the south west corner of

Cwm Cau exceed 300 m in height (Figure 2.6). Because the glaciers and snowpatches which
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developed were relatively small (0.02 km 2-0.52 km2) the effects of shading and the resultant

reduction of solar radiation incident on their surfaces are likely to have been proportionally greater

than such effects on larger valley glaciers. Although the effects of shading have not been quantified

in this study, the "insolation factors" (sensu Sissons and Sutherland, 1976) also do not take this factor

into account and such values may be potentially misleading in mountain areas with high amplitude of

relief.

The effect of altitude on glacier and snowpatch development may be illustrated with

reference to the cwms in the Caderldris range such as Cwm Cyri (SH6511) and Cwm y Gadair

(SH7013) (Figure 2.6). These cwms have identical north facing aspects, exhibit similar dimensions

and essentially only differ by their altitudes. The floor of Cwm Cyri lies at 360 m, some 200 m lower

than that of Cwm y Gadair. Cwm y Gadair contained a former glacier with an equilibrium fim line of

620 m and with moraines extending down to 500 m. The floor of Cwm Cyri however, lacks evidence

of having contained a glacier, but there is evidence to indicate that a perennial snowpatch existed on

the backwall of the cwm at an altitude of 466 m. Cwm Cyri therefore represents yet another example

of a marginal situation for perennial snowpatch development and lends further evidence to suggest

that glaciers were confined in their distribution to the higher cwms. The stratigraphic significance of

Cwm Cyri gained even more importance with the discovery of a very thick succession of lake

sediments from a mire site at the eastern end of Llyn Cyri. Details of the lithostratigraphy and pollen

stratigraphy of sediment cores obtained from this basin are presented in CHAPTER 4.

The lowering of fim lines due to accumulation of drifting snow has long been recognised

and Manley (1959) considered that about one third and possibly more, of the snow falling on an

exposed windswept summit is likely to be transferred under the lee of adjacent crags. In the Brecon

Beacons of South Wales, Robertson (1988) demonstrated that low equilibrium firn line altitudes for

individual Loch Lomond Stadial glaciers appear to have been the result of snowdrift from adjacent

plateaux carried by southerly winds. Mitchell (1991) similarly inferred that low equilibrium firn line

altitudes for two former Loch Lomond Stadial glaciers in the western Pennines were associated with

drifting snow from large plateaux areas and south-westerly winds. None of the former glaciers

mapped in this study had areas of extensive plateaux on their windward (probably SW) sides, but if
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gentle uphill gradients are considered and the possiblity that snow may be blown uphill, then the two

largest glaciers which formed on Cader Idris may have received a considerable amount of transferred

snow associated with westerly and south-westerly winds.
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CHAPTER 3

POLLEN STRATIGRAPHIES FROM WITHIN FORMER GLACIER LIMITS

3.1 Introduction

Pollen-stratigraphical investigations of infihled basins located inside the former limits of

inferred Loch Lomond Advance ice-masses have been extensively undertaken throughout the British

Isles, as for example in the Grampian Highlands of Scotland (Walker, 1975b; Lowe and Walker,

1977; Lowe, 1977, 1978; Walker and Lowe, 1977, 1979, 1981), the Western Isles of Scotland (Vasari,

1977; Walker and Lowe, 1982, 1985; Lowe and Walker, 1986; Walker eta!., 1988), south-west

Scotland (Moar, 1969), the English Lake District (Pennington, 1978), North Wales (Godwin, 1955;

Walker, 1977, 1978; Evans and Walker, 1977; Ince, 1981, 1983) and South Wales (Walker, 1982b;

Robertson, 1988). The basal pollen assemblages identified in each of the above studies clearly

demonstrate the absence of Lateglacial Interstadial sediments and indicate that the oldest sediments

represent the late part of the Loch Lomond Stadial and the early Flandrian. This pollen-

stratigraphical evidence suggests that the inferred former glacier limits associated with the above

examples are assignable to the Loch Lomond Advance and not to the Late Devensian ice-sheet.

Radiocarbon dates from the oldest organic basal sediments generally date the disappearance of the

Loch Lomond Advance glaciers to between 10,500 - 10,000 BP (Lowe and Gray, 1980).

The geomorphological evidence of former glacier and snowpatch limits presented in

CHAPTER 2 is inferred to belong to a single morphostratigraphical unit assignable to the Loch

Lomond Advance. In order to test the hypothesis that the mapped former glacier and snowpatch

limits of this study belong to the Loch Lomond Advance, pollen-stratigraphical investigations were

undertaken and are described in this chapter.

In southern Snowdonia, the area previously covered by former "cwm" glaciers was small,

with an average glacier area of 0.27 km 2 and the seven glaciers having a total area of only 1.88 km2

(Table 2.3). Furthermore, most of these former ice limits contain areas composed chiefly of exposed
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bedrock, blocky till and postglacial talus. These conditions have not been conducive to the

development of infilled basins which might contain suitable deposits for pollen stratigraphical

investigation and a detailed examination of all of the locations mapped in CHAPTER 2 revealed an

absence of such infilled basins from inside the former glacier limits.

Having established the absence of infilied basins suitable for pollen-stratigraphical

investigations, the beds of present-day lakes were considered to be worthy of investigation. Present-

day lakes occur within former glacier limits in the Cader Idris area (Section 2.6.5. and Section 2.6.6)

and in the Arenig Fach area (Section 2.6.14). At each of these locations, sub-aqua divers were used to

establish the occurrence of lake-bed sediments and the subsequent sampling of these sediments is

detailed in Section 3.3.

Pollen stratigraphies were investigated from Llyn Arenig Fach (SH8241) in the Arenig

mountains (Figure 2.9) and Llyn y Gadair (SH7013) and Llyn Cau (SH7I 12) on Cader Idris (Figure

2.5). Detailed descriptions of these sites are provided in Sections 3.4, 3.5 and 3.6 of this chapter and

include descriptions of the lithostratigraphy, pollen stratigraphy, and vegetational history for each

site. The stratigraphical significance of each of these sites in relation to the timing of deglaciation is

discussed in Section 3.7.

3.2 Previous studies

Throughout the field area of southern Snowdonia, no previous studies have been

undertaken of pollen stratigraphies from sites critically located within "cwm moraine" limits.

However, pollen stratigraphies from within such limits have been investigated in northern Snowdonia

(Godwin, 1955; Walker, 1977, 1978; Evans and Walker, 1977; Ince, 1981, 1983) and from the Brecon

Beacons of South Wales (Walker, 1982b; Robertson, 1988). Most of these sites (Figure 3.1) reveal

that deglaciation occurred during the latter part of the Loch Lomond Stadial, being represented by

basal clays containing pollen of pioneer herb and grassland communities with taxa indicative of

disturbed ground. These basal clays are typically overlain by early Flandrian organic lake muds.
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M, Melynilyn (Walker, 1977); MM, Marchlyn Mawr (Walker, 1977); CC,
Cwm Cywion, LL, Llyn Llydaw (Ince, 1981, 1983); LC, Llyn Clyd, LG, Llyn
Glas (Walker 1977, Evans and Walker, 1977); LI, Llyn ldwal (Godwin,
1955); LAF, Llyn Arenig Fach, LYG, Llyn y Gadair, LC, Llyn Cau (this
study); CCG, Craig Cerrig-gleisiad, CYF, Craig-y-Fro (Walker
1980,1982b); CM, Cwm Milan, MYF, Maes y Fin (Robertson, 1988).

Figure 3.1 Locations of pollen sites from within former cwm glacier
limits of upland Wales.
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The pollen spectra of these lake muds record a succession from juniper scrub through to birch

woodland, followed by the eventual invasion of hazel.

Early Flandrian lake muds directly overlying the basal clays have been radiocarbon dated

at Llyn Uydaw and Cwm Cywion in Snowdonia (Ince, 1981, 1983) and at Craig-y-Fro in the Brecon

Beacons (Walker, 1980) and show remarkable uniformity in their respective ages of 9,930 ± 120 BP,

10,030 ± 130 BP and 10,030 ± 100 BP. Robertson (1988) also obtained radiocarbon dates from

similar stratigraphical horizons at Maes y Fin in the Abergavenny Black Mountains (10,050 ± 120

BP) and at Cwm Milan in the Brecon Beacons (9,620 ± 100 BP). A radiocarbon date of 10,860 ± 70

BP obtained from a similar horizon at Craig Cerrig-gleisiad in the Brecon Beacons is thought to be in

error (Walker, 1980, 1982b). These radiocarbon dates suggest that cwm glaciers had disappeared

from upland Wales by about 10,000 BP and initial deglaciation may have started a few centuries

earlier.

3.3 Coring techniques at lake sites

Lake-bed sediments are conventionally cored from floating rafts or by devices such as the

Mackereth corer (Mackereth, 1958). Both of these methods involve the use of heavy and specialised

equipment which is most suitably employed in accessible lakes where continuous cored sequences are

required for study. However, all of the proposed lake sites in this study lay in remote areas with

difficult access. Furthermore, the water depth and the occurrence or absence of sediments in these

lakes was largely unknown. For these reasons and because a core of only the basal sediments was

required, rather than a continuous Mackereth core, a different approach was adopted.

A pilot study was undertaken by two experienced sub-aqua divers from the City of

London Polytechnic Sub-Aqua Club to establish the occurrence or absence of sediments from Llyn y

Gadair on Cader Idris (Section 3.5). This study revealed the presence of sediments on the lake floor,

but also proved that such deposits could be readily sampled by divers using "plexiglass" tubing and

the Russian corer (Jowsey, 1966). Indeed, sampling by sub-aqua divers has several advantages over

more conventional lake coring methods:
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Plate 3.1 Sub-aqua diver using probing rod to determine sediment
thickness at Llyn y Gadair, Cader Idris.
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Plate 3.2 Sub-aqua divers at Uyn y Gadair, Cader Idns with
2 m long plexiglass corer.
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(i) it supplies information on the distribution and thickness of sediments on the lake floor,

(ii) it enables coring of depocentres away from potentially unstable slope areas;

(iii) it ensures that the thickest sediments are located and that the corer is vertically

inserted;

(iv) it is possible to establish if the corer is halted by bedrock, gravel or fine sediment (by

feel and sound);

(v) the method is fast and enables immediate inspection of cores on the lake shore; and

(vi) the equipment is relatively lightweight and portable.

Consequently a sub-aqua diver coring programme was designed for coring the remaining lakes.

Prior to coring, divers ran transects along the lake-beds using probing rods to test

sediment thickness and hence locate the area of deepest sediment accumulation (Plate 3.1). Coring

was generally undertaken in the deepest parts of the lakes ranging between 10 m and 17 m below lake

surface. However, at Llyn Cau on Cader Idris, the maximum water depth was known to be about 45

m (Howe and Yates, 1954) and for safety reasons a core was taken instead from a water depth of 20

m. In lakes where sediment thickness was less than 2 rn, cores were taken with plexiglass tubing

(Plate 3.2). Whenever sediment thickness exceeded 2 m, cores were taken from the basal sections

using a 0.5 m chambered Russian corer with the appropriate length of coring rods.

The plexiglass corer used in this study is 2 m long, 6 cm in diameter and has a wall

thickness of 3 mm. The rim of the cutting edge is slightly bevelled. Cores were taken underwater

simply by forcing the plexiglass tubing into areas of the thickest sediments until bedrock was struck.

Before removal from the sediment, a tight fitting rubber bung was inserted into the head of the tube

and the depth of penetration was noted. The bottom of the tube was capped on its emergence from
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the sediment. On return to the lake shore, the tube was sawn through at the sediment-water interface

and sealed with adhesive film. No discrepancies were observed between the depth of tube penetration

in the sediment and the actual length of core sediment retained in the tube. The transparency of

plexiglass enabled major lithostratigraphic changes to be observed in the field. In the laboratory, the

plexiglass tubing was sectioned lengthwise with a hot blade. Sediments could therefore be described

and sampled in situ without the potentially distorting and compressional effects of extrusion. Cores

taken with plexiglass tubing exhibited excellent preservation with no evidence of sediment

disturbance.

Similar coring methods were applied at lake sites where sediment thickness exceeded 2

m, but a 0.5 m chambered Russian corer was used instead of plexiglass tubing. The Russian corer

was operated underwater in much the same way as it would be used at a bog site, but with the

emphasis on obtaining basal sediment cores only. The sub-aqua divers experienced little difficulty in

pushing the Russian core chamber down to bedrock and obtaining basal sediment cores, even when

the lake muds and clays exceeded 5 m in thickness. The Russian corer chamber is always closed on

sampling and therefore prevents sediment loss on extraction from the sediments (a potential problem

with open-ended cores). However, owing to the presence of a 10 cm long nose piece on the end of

the Russian corer chamber, the basal 10 cm of sediments are not sampled. This inability to sample

the bottom-most 10 cm of sediment is potentially a major disadvantage in the application of the

technique, for it is difficult to effectively compare the relative patterns of deglaciation between sites

with this important section missing. In spite of this problem, the systematic sampling techniques

described in this section have provided several undisturbed cores containing significant pollen-

stratigraphical information. Detailed descriptions of the cored sediments and pollen stratigraphies

obtained from each lake site are presented in the following sections.
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3.4 Llyn Arenig Fach

3.4.1 Site description

Llyn Arenig Fach is an oligotrophic lake situated on the east facing flank of the mountain

Arenig Fach (SH8241). The lake lies at 457 m O.D. and is dammed by a large end moraine along its

eastern shore. The detailed glacial geomorphology of this locality is described in Section 2.6.14 and

illustrated in Figure 2.9.

The lake is 550 m long, 400 m wide and 0.12 km 2 in area and has a maximum depth of

16 m. Its catchment area is 0.4 km2 and is mostly covered in till. The headwall of Arenig Fach on

the western shore of the lake rises precipitously to over 200 m above the lake. The catchment

bedmck consists entirely of Ordovician volcaniclastic lithologies (Feamsides, 1905).

Llyn Arenig Fach received attention in the late nineteenth century when "diatomaceous

deposits" were discovered and reported upon by Lowe (1880) and Stolterforth (1880). Lowe and

Stolterforth visited the lake together in October 1879 and reported that the lake waters had been

temporarily lowered by a man-made trench in the north-east corner of the lake (related to pipe laying

to supply the town of Bala with water). Lowe (1880) reports that the lake level was lowered some

twenty feet, but Stolterforth (1880) estimated a lowering of about twelve feet which resulted in about

one third of the lake bed becoming sub-aerially exposed. Both authors describe a small stream at the

south end of the lake which had incised the lake bed deposits to expose a one foot layer of peat,

overlying a one foot layer of diatomaceous material. The boundary between these deposits was

described as being sharp, with the diatomite lying directly over a bed of angular pebbles (Lowe,

1880).

Stolterforth (1880) listed the occurrence of diatoms (17 genera, including 48 species)

from the peat, diatomite and the lake waters and stated that the abundance of this flora,
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"point to the fact, that a long quiet age has passed since the lake was formed. How long,

as yet no man can say."

Although the popularisation and wider acceptance of glacial theory in Britain had only

occurred some twenty years before Stolterforth's study (Ramsey, 1860), it is likely that Stolterforth

and Lowe probably regarded the deposits as "post-glacial" sensu law, since Lowe (1880) makes

passing reference to a low ridge on the east side of the lake which he correctly interpreted as a

moraine. Stolterforth (1880) concludes his paper thus,

"This spring (1880) I have again visited the spot with the hope of making a more careful

examination, but alas! I found the lake again full, and all the wonderous deposit at least

ten feet below the surface, and unless something goes wrong with the Bala water-works,

there is little chance that human eye will again rest on what may be termed one of the

secrets of the deep."

In the present study, examination of the lake floor by sub-aqua divers revealed an

extensive development of lake muds. A 50 cm long Russian corer was used to obtain basal sediments

from the thickest deposits (4-5 m thick) located in the middle of the lake in a water depth of 16 m.

Two cores (labelled A and B) were obtained from the locations marked in Figure 2.9. Both cores

contained basal clays overlain by organic lake muds. A photograph of Core B is provided in Plate

3.3. The lithologies of both of these cores are described below using the notation of Troels-Smith

(1955).
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3.4.2 Lithostratigraphy

Depths are measured in centimetres below the sediment-water interface.

Core A

460-471	 Grey silty detritus mud. Nig 1, strf 3, elas 2, humo 1; Dh 2, Dg 2, Lso+, Ga+. Moss

fragments common at 468.

471-510	 Grey clay. Nig 1, strf 3, elas 0, sicc 2, humo 0; As 4, Ag+ Ga+.

Core B

	370-386	 Fine detritus brown mud. Nig 2, strf 2, elas 2, sicc 3, humo 2; Ld 3 2, Dg 1, Dh 1, Lso+.

Diffuse boundary.

	

386-398	 Fine detritus dark brown mud. Nig 3, strf 2, elas 2, sicc 3, humo 1; Ld 2 3, Dg 1, Dh 1,

Lso+. Rare clay mottles between 398 and 396. Very sharp boundary.

398-407	 Light grey clay. Nig 0, strf 3, elas 0, sicc 1, humo 0; As 4, Ag+.

407-420 Grey clay. Nig 1, strf 3, elas 0, sicc 2, humo 0; As 4, Ag+ Ga+.

3.4.3 Pollen stratigraphy

The pollen diagrams for the Llyn Arenig Fach cores A and B are presented in Figures 3.2

and 3.3 respectively. The following local pollen assemblage zones are recognised in each core

(percentages are calculated for a total land pollen sum of at least 300 per sample).
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Core A

Zone LAF/A-1 (510 -470 cm)

Artemisia-Cyperaceae-Gramjneae pollen assemblage zone

This zone is characterised by abundant herb pollen (>70%) and is dominated by

Artemisia (15-20%), Cyperaceae (25-30%) and Gramineae (15%). Betula and Pinus pollen values

average 20% and 10% respectively. Pollen of Rwnex, Caryophyllaceae and Thalictrum occur in low

amounts (<5%) whilst taxa with values <1% include Chenopodiaceae, Compositae Ligul{florae, C.

Tubuljflorae, Cruciferae, Epilobium, Helianthemum, Plantago lanceolata, Ranunuculaceae, Saxifraga

nivalis, Thalictrum, Umbelliferae and Valeriana. Spores of Cryptogramma, Dryopteris, Lycopodium

annotinum and Lycopodium selago are also present in low amounts.

Zone LAF/A-2 (470 - 464 cm)

Rumex-Gramineae pollen assemblage zone

This zone is characterised by a pronounced peak in pollen of Rumex which attains a

maximum value of 15% and is accompanied by high frequencies of Gram ineae pollen (35%).

Cyperaceae pollen values decline from the underlying zone to less than 10%. Juniperus and

Filipendula pollen values rise throughout the zone and attain 15% and 10% respectively at the upper

boundary of the zone. Betula (10%), Pinus (10%) and Salix (5%) occur consistently throughout the

zone whilst Empetrum attains a peak of 5%.

Zone LAF/A-3 (464 - 460 cm)

Juniperus pollen assemblage zone

This zone is characterised by a peak in Juniperus pollen (35%). Overall assemblage

characteristics are similar to the underlying zone, but with relatively lower frequencies of herb pollen,

particularly in Rumex and Cyperaceae. Spores of Dryopteris attain 8% throughout the zone and

Isoeres attain 12% in the uppermost sample of the zone.
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Core B

Zone LAF/B-1 (420 - 397 cm)

Artemisia-Cyperaceae-Gramineae pollen assemblage zone

This zone has a very similar assemblage composition to that of LAF/A-1, being

dominated by pollen of Artemisia (10-20%), Cyperaceae (20%) and Gramineae (20%). Herb taxa

dominate the zone and pollen of Rumex, Caryophyllaceae, Ranunculaceae and Thalictrum

consistently occur throughout the zone at frequencies of 1-5%. The remainder of the herb pollen

assemblage includes those taxa listed for LAF/A-l.

In contrast to Zone LAF/A-1, the uppermost 7 cm of Zone LAF/B-I contains abundant

pollen of Pinus (30%) with Quercus (10%), Corylus (5%) and traces of Ulmus (<1%). Spores of

Isoetes attain 86% at the top of this zone.

Zone LAF/B-2 (397 - 370 cm)

Pinus-Quercus-Corvius pollen assemblage zone

This zone is characterised by abundant tree and shrub pollen, with Pinus (55%), Quercus

(20%) and Corylus (15%) predominating. Berula pollen frequencies are generally <5% and Ulmus

consistently occurs at <3%. Single pollen grains of Alnus occur throughout the zone. Spores of

Isoetes are abundant and attain frequencies of between 100-170% TLP.

3.4.4 Vegetational history

The basal clays of cores A and B from Llyn Arenig Fach are characterised by an

Arremisia-Cyperaceae-Gramineae P.A.Z. (Figures 3.2 and 3.3). The Russian corer at both of the

sampling locations was halted by bedrock and the basal clays are therefore interpreted as the first

sediments to be deposited as the sites became deglaciated.
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The composition of the Artemisia-Cyperaceae-Gramineae P.A.Z. from Llyn Arenig Fach

suggests that during the final stages of deglaciation (or shortly after), the vegetation must have

resembled that of arctic or alpine areas of the present day. The pollen assemblage indicates that

herbaceous plant communities were dominant and characterised by Gramineae, Cyperaceae,

Chenopodiaceae, Compositae, Ranunculaceae, Cruci ferae, Umbelli ferae, Rumex and Thalictrum.

Extensive areas of bare ground probably existed with associations typical of ciyoturbated soils, most

notably those dominated by Artemisia and Caryophyllaceae (Pennington, 1980). Of the woody

plants, only dwarf willows and birches would have been present at this time.

In core A from Llyn Arenig Fach the Artemisia-Cyperaceae-Gramineae P.A.Z. is overlain

by a Rumex-Gramineae P.A.Z. (Figure 3.2). This boundary represents a change towards increased

soil stability and a reduction of minerogenic in-washing into the lake. Species-rich grassland

communities in which Rumex was prominent would have played an important role in the stabilisation

and development of the soils at this time. This diverse herbaceous assemblage contains pollen of

Epilobium, Filipendula, Galium, Helianthemum, Plantago maritima, Plantago lanceolata,

Polemonium caerulewn, Polygonum aviculare, Potentilla type, Saxfraga nivalis, Thalictrum, Urtica,

Valeriana, Compositae. Ranunculaceae, Gramineae and Cyperaceae. Filipendula-Polemonium tall

herb associations may have been established in the catchment occupying natural meadows on damp

soils around the lake margins. The drier well drained slopes would have favoured short turf

associations of Galium, Compositae, Potentilla and Lycopodium selago. The relatively base rich

nature of the soils at this time is reflected by the presence of Helianthemum and Polemonium pollen.

The presence of Empetrum and Salix in the Rumex-Gramineae P.A.Z. and a rising curve

for Juniperus indicates that dwarf shrub heath was interspersed throughout the early grassland

communities. Traces of Typha latfolia pollen indicate the presence of marginal readswamp and

suggest that climatic amelioration was taking place.

The Rumex-Gramineae P.A.Z. of core A is in turn overlain by a Juniperus P.A.Z. High

values for Juniperus pollen in this overlying zone record the expansion and subsequent proliferation

of juniper scrub in the surrounding catchment following the earlier phase of grassland communities.

72.



The topmost part of core A contains high percentage values for Juniperus pollen, but suggests that it

may have started to fall from its maximum representation.

The basal sediments of cores A and B from Llyn Arenig Fach are identical in respect of

their clay lithologies and their Artemisia-Gramineae-Cyperaceae P.A.Z. However, cores A and B

differ in respect of the sediments and pollen assemblages which overlie the basal clay. The organic

deposits which directly overlie the basal clay in core A are grey, silty detritus muds, which differ

markedly from the dark brown fine detritus muds, which overlie the basal clay in core B (Section

3.4.2). Furthermore, the pollen stratigraphy of core A shows that the Arte,nisia-Gramineae-

Cyperaceae P.A.Z. is conformably overlain by a Rumex-Gramineae P.A.Z. and a Juniperus P.A.Z.,

whilst in core B, the Artemisia-Gramineae-Cyperaceae P.A.Z. is unconformably overlain by a Pinus-

Quercus-Corylus-Ulmus P.A.Z. (Section 3.4.3). The stratigraphic significance of these differences

are discussed in detail in Section 3.7.

The Pinus-Quercus-Corylus-Ulmus P.A.Z. in core B (Figure 3.3) represents a phase of

forest climax vegetation whose presence is well documented in many Welsh Flandrian pollen profiles

(Seddon, 1962; Moore and Chater, 1969; Moore, 1972, 1978; Handa and Moore, 1976; Walker,

1982b; Ince, 1983). Radiocarbon dates from Nant Ffrancon suggest that the phase of mixed

woodland prevailed in Snowdonia between Ca. 8500-7000 BP (Hibbert and Switsur, 1976). Pinus,

Quercus and Corylus probably formed the main woodland components around Llyn Arenig Fach at

that time. Of these taxa, the high values of Pinus pollen (45-55%) suggest that pine may have been

locally present on the drier mire surfaces surrounding the site. The relatively high altitude of the site

(ca. 450 m O.D.) and its exposure, is likely to have favoured the expansion of pine over deciduous

trees. Pinus probably formed the regional tree line along with scattered copses of birch in more open

conditions and with localised stands of willow in damper areas.

Hazel was also a common component on the thin upland soils, whilst oak and elm were

probably more prevalent on lower slopes and sheltered valleys below the cwm, where by occupied

deeper soils. Traces of Alnus pollen in Zone LAF/B .2 are interpreted as being transported from

coastal lowland sites (Chambers and Price, 1985). The high counts of isoeres spores reflect the
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growth of reedbeeds along sandy bottomed lake margins and suggest oligotrophic conditions

(Vuorela, 1980).

3.5 LIyn y Gadair

3.5.1 Site description

Llyn y Gadair is an oligotropic lake situated in a north facing cwm beneath the summit of

Cader Idris (SH7013). The lake lies at 560 m O.D. and is dammed by a large arcuate end moraine

which curves around its northern shore. The glacial geomorphology of this locality is described in

detail in Section 2.6.6 and illustrated in Figures 2.5 and 2.6.

The lake is 300 m long, 150 m wide, and 0.04 km 2 in area and has a maximum depth of

10 m (Plate 3.4). Its catchment area is 0.04 km2 which is characterised by boulder strewn terrain,

scree slopes and precipitous bare rock surfaces. The backwall of the cwm rises to over 300 m above

the lake and greatly limits the amount of direct solar radiation available to the lake. There are no

permanent streams feeding the lake and outflow is normally through groundwater percolation.

During periods of high water level, the lake overflows through a former meitwater channel which cuts

through the central part of the moraine (Figure 2.6).

Precipitation is high in this locality; the summit of Cader Idris experiences about 2500

mm/annum with the majority falling as rain in the summer months. Snow may lie in the catchment

between 30-50 days/annum, whilst longer lasting snow beds may develop in some of the north-east

facing gullies (Meteorological Office, 1952). Average daily temperatures at 686 m on Cader Idris are

1.1°C for January and 11.6°C for July (Edgell, 1968).
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Most of the catchment bedrock is granophyre which weathers along columner joints to

form most of the angular, blocky scree and the material in the surrounding moraines. Minor outcrops

of Ordovician mudstones, dolorite and slate occur in the south-eastern part of the cwms backwall

(Davies, 1959).

Soil development is limited on the granophyre substrate to highly leached, acidic, base

deficient, "ranker-like" soils. Localised pockets of peaty podsols occur in areas of impeded drainage.

Vegetation surrounding the lake is dominated by Vacciniunz heath and Festuca ovina

sociations (Edgell, 1968). Although the active talus slopes of the catchment are almost devoid of

vegetation, more stable slopes contain an abundance of Rhacomiirium lanuginosum and

Cryptogramma crispa (Evans, 1932). Many of the ungrazed cliff ledges are dominated by Calluna

vulgaris and Vaccinium myrtillus. The lake is devoid of higher aquatic plants.

Examination of the lake floor by sub-aqua divers revealed an irregular topography of

blocky till and lake muds which were confined to localised shallow depressions only (Plate 3.5). A 6

cm diameter plexiglass tube was used to core sediments from one of the thickest deposits. A single

core was taken in a water depth of 10 m situated 40 m from the mid point cf the eastern shore (Figure

2.6, Plate 3.4).

The core contains varied lithologies ranging from light and dark brown coloured fine

detritus muds through to olive coloured algal gels (gyttjas). Three distinct layers of light coloured

diatomite are also present. A photograph of the lower Section of the core is provided in Plate 3.6.

The lithology of the core is described below using the notation of Troels-Smith (1955).
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3.5.2 Lithostratigraphy

Depths are measured in centimetres below the sediment-water interface.

0-11

11-13.5

13.5- 15

15-19

19-20.5

20.5-22.5

22.5-24

24-26.5

26.5-30.5

30.5-36

Brown fine detritus mud. Nig 3, strf 3, elas 2, humo 3; Ld 2, Dh 2, As+, Ag+, 0.1

cm silt layers at 10.9, 9.8, 6.4,4.3. Mosses at 8.0.

Light brown fine detritus mud. Nig 2, strf 1, elas 3, humo 3; Ld 4, Dh^, As+.

Dark brown course detritus mud. Nig 3, sErf 1, elas 3, humo 3; Ld 2, Dh 1, Dg 1,

As+, Ag+.

Brown fine detritus mud. Nig 3, strf 3, elas 2, humo 2; Ld2 4, As+.

Brownish yellow diatomite. Nig 1, strf 4, elas 0, humo 0; Lso 4.

Olive gyttja. Nig 3, strf 3, elas 3, sicc 3, humo 1; Ld° 4, Dg+.

Very pale brown diatomite. Nig 1, strf 4, elas 0, humo 0; Lso 4.

Olive grey gyttja. Nig 2, strf 1, elas 3, sicc 3, Ld° 3, Lso 1.

White diatomite. Nig 0, strf 4, elas 0, sicc 3, humo 0; Lso 4.

Olive grey fine detritus gyttja. Nig 2, strf 0, elas 3, sicc 3, humo 0; Ld° 4.

3.53 Pollen stratigraphy

The pollen diagram of the Llyn y Gadair core is presented in Figure 3.4. The following

local pollen assemblage zones are recognised (percentages are calculated for a total land pollen sum

of at least 300 per sample).
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Zone LYG-1 (36-32 cm)

Pinus-Quercus-Corylus-Ulmus pollen assemblage zone

This zone is characterised by pollen of Pinus (30%), Quercus (20-30%), Corylus (20-

30%) and Ulmus (10%). Betula attains 10%. Alnus, Salix, Ericaceae and Filicales occur in trace

amounts.

Zone LYG-2 (32-25 cm)

Quercus-Alnus-Ulmus-Corylus pollen assemblage zone

A marked rise in pollen of Alnus distinguishes this zone from the underlying one. Ulmus

attains 10% but abruptiy declines at the upper boundary. Pinus gradually declines from 25% at the

base of the zone to less than 10% at the top. Quercus and Corylus each attain 30% whilst Betula is

reduced to less than 10%.

Zone LYG-3 (25-18 cm)

Quercus-Alnus-Cor,'lus pollen assemblage zone

This zone is dominated by pollen of Quercus (30%), Alnus (20%) and Corylus (25-40%).

Pinus and Ulmus, common in the underlying zone are now rare. Ericaceae and Gramineae steadily

increase toward the upper boundary. Betula, Salix and Cyperaceae are present in small numbers.

Zone LYG-4 (18-4 cm)

Ericacae-Gramineae-Alnus-Corylus pollen assemblage zone

This zone is dominated by pollen of Ericaceae (40%), Gramineae (30-40%) and Corylus

(30-40%). Except for Alnus (10%), tree pollen is rare. Cyperaceae typically attain 5-10% and traces

of herb pollen and bryophyte spores are more common than in the underlying zones.
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3.5.4 Vegetational history

The basal part of the core from Llyn y Gadair contains olive-grey fine detritus gyttja

(Section 3.5.2) with a Pinus-Quercus-Corylus-Ulmus P.A.Z. (Zone LYG-1 of Section 3.5.3). The

occurrence of this pollen assemblage zone in the bottom part of this core indicates that sediments

dating from the period immediately following deglaciation (as recorded from Llyn Arenig Fach in

Section 3.4.3) are absent The plexiglass corer at the sampling location was halted by bedrock and no

sediments were observed to have been lost during the coring process i.e., the depth of core penetration

as noted by sub-aqua divers on the lake bed was the same as the sediment thickness retained in the

corer. The stratigraphical significance of these findings	 discussed in detail in Section 3.7.

The LYG-1 P.A.Z. from the lowermost sediments of the Llyn y Gadair core (Figure 3.4)

reflects the occurrence of mixed woodland around the site during the latter part of the early Flaridrian.

High Pinus pollen values (Ca. 30%) suggest that pine trees may have been locally abundant around

this high altitude site (560 m O.D.). Together with scattered copses of birch and hazel, pine is likely

to have been prevalent on the upper slopes and sheltered cwms of Cader Idris, with pines attaining

dominance on the more dry mire surfaces. Oak and elm probably assumed dominance on the lower

slopes and sheltered valley floors, with elm preferentially occupying the more base-rich habitats.

Zone LYG-2 records a major increase in Alnus pollen values and reflects the arrival of

alder in the Cader Idris uplands. This expansion has been dated at several Welsh sites to ca. 7,000 BP

(Walker, 1982b), although in coastal lowland and valley mire habitats, aIder may have expanded

much earlier (Chambers and Price, 1985). Pine decreases throughout this zone, possibly as a result of

increasingly wet conditions leading to the gradual waterlogging of mire sites. Following the decline

in pine, elm shows an abrupt decrease at the LYG-2/LYG-3 zone boundary and has been dated at

5050 P5 BP at Nant Ffrancon (Hibbert and Switsur, 1976). Throughout zone LYG-3 the hillsides of

Cader Idris probably contained a mosaic of oak and alder, with alder occupying habitats along

watercourses and areas of impeded drainage. Oak is likely to have favoured drier, but increasingly

more acid habitats. Towards the top of zone LYG-3, Betula shows an increase in pollen values which

might reflect a recolonisation of mire sites previously occupied by pine.

82.



Zone LYG-4 records a major decrease in Quercus pollen and represents the demise of oak

woodland. Ericaceae pollen (mostly Calluna) exceed 30% and high values of Gramineae and

Cyperaceae, together with a variety of open habitat herb taxa, reflect the development of heath and

grassland communities. Moore (1973) records similar trends in Mid-Wales and attributes such

retrogressive vegetation processes to deteriorating climate, soil leaching and human interference,

commencing in Neolithic times and progressing throughout the Prehistoric period.

3.6 Llyn Cau

3.6.1 Site description

Llyn Cau is an oligotrophic lake situated in an east facing cwm below the summit of

Cader Idris (SH71 12). This lake lies to the south of Llyn y Gadair from which it is separated by the

summit ridge of Penygadair (893 m). Llyn Cau lies at 473 m O.D. in what Lewis (1938) describes as

one of the finest examples of a cirque in the British Isles. It is dammed at its eastern end by a rock

step which is mantled by a series of moraines. The detailed glacial geomorphology of this locality is

described in Section 2.6.5 and illustrated in Figure 2.5.

The lake is 600 in long, 240 m wide, and 0.14 km 2 in area and has a maximum depth of

50 m (Howe and Yates, 1954). Its surrounding catchment area is 0.84 sq km and is dominated by

scree slopes and precipitous bare rock surfaces (Plates 3.7 and 3.8). These rock surfaces surround the

lake on three sides and rise up to 400 m above the lake surface. The amount of direct solar radiation

available to the lake is thus severely limited. A small stream drains the lake from its north eastern

corner.
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Plate 3.7 Llyn Cau pollen site. Coring location marked P.
View north-westward with moraines in the foreground.

Plate 3.8 Llyn Cau pollen site. Coring location marked P.
View southward.
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The catchment contains a variety of Ordovician volcaniclastics and slaty mudstones

which dip steeply to the south. The strongly cleaved Llyn Cau mudstones occupy much of the cwm

floor and these have formed a major line of weakness along which the cwm has been excavated by

glacial erosion. Rock walls on the north side of the cwm follow the dip of the Upper Basic Group of

volcanics and are less precipitous than the cliffs on the south side.

Llyn Cau is situated in the neighbouring cwm which backs onto Llyn y Gadair, and the

climate, vegetation and soil development of these two sites is broadly similar. These features are

described for Llyn y Gadair in Section 3.5.1 and equally apply to the description of Llyn Cau.

Examination of the lake floor by sub-aqua divers was limited to its eastemmost area.

According to the bathymetric map of Howe and Yates (1954) this area of the lake floor contains the

most gentle gradients and presumably the most stable deposits (Figure 3.5). For practical and safety

reasons the deepest areas of the lake were not examined. The eastern part of the lake floor contains

extensive areas of lake muds and a 6 cm diameter plexiglass tube was used to core the thickest

deposits. The coring location is in a water depth of 22 m and is situated some 120 m from the mid

point of the eastern shore (Figure 3.5, Plates 3.6 and 3.7). The core contains varied lithologies

ranging from light and dark brown coloured fine detritus muds to black, silty, coarse detritus muds.

Two layers of light coloured diatomite are also present. The lithology of the core is described below

using the notation of Troels-Smith (1955).

3.6.2 Lithostratigraphy

Depths are in centimetres below the sediment-water interface.

0-4	 Silty, fine detritus mud. Black. Nig 4, strf 2, elas 2, sicc 2, humo 3; j43 2, Dg 1,

Ag I, Dh+, Ga+. Lower boundary sharp.

4-7	 Light yellowish brown diatomite. Nig 0, strf 4, elas 0, sicc 2, humo 1; Lso 3, Ag

1, Dg+.
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7-11	 Silty, coarse detritus mud. Black. Nig 4, strf 2, elas 2, sicc 3, humo 3; Ld 3 2, Dg

1, Dh 1, Ag-s. , Ga-s..

11-13	 Olive yellow diatomite. Nig I, strf 4, elas 0, sicc 2, humo 1; Lso 0 4, As-s..

13-25	 Brown fine detritus mud. Nig 2, strf 3, elas 2, sicc 2, humo 2; Ld 2 3, Dg 1, Dh+.

0.5 cm diatomite layers at 13.5, 18.0 and 20.5. Inwashed moss layer at 14.5.

25-40	 Dark brown fine detritus mud. Nig 3, strf 3, elas 3, sicc 3, humo 3; Ld 3 2, Dli,

Dh 1. Remains of bark and twigs at 26 and 29.

40-59	 Light brown fine detritus mud. Nig 2, strf 2, elas 2, sicc 3, humo 2; Ld3 4, Dg+.

59-70	 Light grey-white diatomite. Nig 0, strf 4, elas 0, sicc 3, humo 1; Lso 4, Dg+.

3.6.3 Pollen stratigraphy

The pollen diagram of the Llyn Cau core is presented in Figure 3.6. The following local

pollen assemblage zones are recognised (percentages are calculated for a total land pollen sum of at

least 300 per sample).

Zone LC-1 (70-60 cm)

Pinus-Quercus-co'lus-U1mus pollen assemblage zone

This zone is characterised by pollen of Pinus (25-35%), Quercus (30%), Corylus (20%)

and Ul,nus (10%). Betula and Filicales attain 10%.

Zone LC-2 (60-45 cm)

Quercus-A lnus-Ulmus-Corylus pollen assemblage zone

This zone is characterised by a marked rise in pollen of Alnus from the underlying zone.

Pinus pollen is still relatively high in the lower part of this zone but declines towards the top. Ulmus

attains 10% but abruptly declines at the upper boundary. Quercus attains 30%, Corylus 20% and

Betula 15%. A small number of Isoetes spores also occur (3%).
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Zone LC-3 (45-30 cm)

Quercus-Alnus-Corvius pollen assemblage zone

Pollen of Quercus, Alnus and Corylus each attain 25% in this zone. Pinus and Ulmus,

common in the underlying zone are now practically absent. Ericaceae and Gramineae steadily

increase towards the upper boundary. Betula attains a peak of 20% and Isoetes is common (40%).

Salix and Cyperaceae occur as traces.

Zone LC-4 (30-0 cm)

Ericaceae-Gramineae-Alnus-Corylus pollen assemblage zone

This zone is dominated by pollen of Ericaceae (40%), Gramineae (20-35%), Alnus (15-

25%) and Corylus (20%). Betula and Quercus are both present at <5%. Filicales peak at 25% and

traces of herb pollen are more common than in the underlying zones.

3.6.4 Vegetational history

The basal part of the core from Llyn Cau is composed entirely of light grey-white

diatomite (Section 3.6.2) and contains a Pinus-Quercus-Corylus-Ulmus P.A.Z. (Zone LC-1). The

occurrence of this local pollen assemblage zone within the bottom part of this core is identical to that

recorded in the neighbouring site of Llyn y Gadair (3.5.4) and indicates that sediments dating from

the period immediately following deglaciation are absent here also. As was found at Llyn y Gadair,

the plexiglass corer was halted by bedrock and no sediments appear to have been lost during coring.

The stratigraphical significance of these findings are discussed in detail in Section 3.7.

Llyn Cau contains a very similar pollen profile to the neighbouring site of Llyn y Gadair

which reflects the same broad regional trends in vegetational development. Slight variations in the

pollen spectra between the two sites probably reflect local vegetational responses, related to

differences in aspect and altitude (Llyn Cau faces east at 433 m O.D., Llyn y Gadair faces north at
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560 m O.D.). Although the same pollen assemblage zones are recorded at both sites, these are

developed throughout 70 cm of sediment at Llyn Cau as opposed to a much more condensed section

at Llyn y Gadair (36 cm). Diatomite horizons recorded at both sites appear to represent purely local

events and have no time correlative value between the sites.

The LC-1 P.A.Z. from the lowennost sediments of the Llyn Cau core (Figure 3.6) reflects

the occurrence of mixed woodland around the site during the latter part of the early Flandrian. Pine,

birch and hazel are likely to have occupied the upper slopes of the catchment at this time, with oak

and elm probably favouring the lower slopes and the sheltered valley floor to the east of the cwm.

Zone LC-2 records the arrival of alder in the uplands of Cader Idris at a time when pine

was beginning to decrease. This same relationship is recognised at Llyn y Gadair where the decrease

in pine pollen values are thought to reflect the increasingly wet conditions which led to the gradual

waterlogging of mire sites occupied by pine stands. Pollen of elm also shows a marked decline

shortly before the final disappearance of pine.

The overlying zone LC-3 indicates that oak, alder and hazel dominated the woodlands at

this time, whilst birch shows a marked rise in pollen values which might reflect the recolonisation of

mire sites previously occupied by pine. Relative to Llyn y Gadair, birch development at Llyn Cau

appears to have been more common throughout the Flandrian and probably reflects more favourable

habitats for birch in Llyn Cau's lower altitude and more sheltered location. A marked increase in

Isoetes spores also indicates that reed beds colonised the margins of Llyn Cau at this time (aquatic

pollen was absent from the entire Llyn y Gadair profile).

Zone LC-4 reveals a major decrease in the importance of oak and its replacement by the

widespread development of heath and grassland communities dominated by Ericaceae (mostly

Calluna), Gramineae and Cyperaceae with a variety of open habitat herb taxa. This phase of

vegetational revertence probably reflects a combination of influences from climatic deterioration, soil

leaching and human interference which commenced in Neolithic times (Moore, 1973).
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3.7 Stratigraphical interpretation

The pollen- and inferred chrono-stratigraphical characteristics of the basal cores from

Llyn Arenig Fach, Llyn y Gadair and Llyn Cau are summarised in Figure 3.7. Pollen-stratigraphical

investigations show that the oldest sampled sediments are those from Llyn Arenig Fach where a basal

clay contains an Artemisia-Cyperaceae-Gramineae P.A.Z. in cores A and B (Figures 3.2 and 3.3).

Sediments which immediately post-date the Artemisia-Cyperaceae-G ram ineae P.A .Z. have been

radiocarbon dated in Snowdonia to Ca. 10,000 BP (Lowe, 1981; Ince, 1981, 1983). Similar dates

have been obtained from South Wales (Walker, 1980, 1982b; Robertson, 1988), whilst in the English

Lake District, Pennington (1978) interprets basal clays with Artemisia pollen assemblages as evidence

for relatively early deglaciation of sites during the later part of the Loch Lomond Stadial (i.e. before

the end of active periglacial soil disturbance).

Whether the Artemisia-Cyperaceae-Gramineae P.A.Z. at Llyn Arenig Fach represents

pollen recruitment into a proglacial lake as glacier ice was receding towards the headwall of the cwm,

or alternatively, is representative of sedimentation immediately following total deglaciation of the site

catchment, is uncertain. Although the duration of time represented by the Artemisia-Cyperaceae-

Gramineae P.A.Z. at Llyn Arenig Fach cannot be readily assessed, the homogenous nature of this

pollen assemblage throughout 39 cm of clay in core A, tentatively suggests that clay deposition may

have been relatively rapid. The boundary between Artemisia-Cyperaceae-Gramineae P.A.Z. and the

overlying Rwnex-Gramineae P.A.Z. in core A, coincides with the onset of organic sedimentation and

a probable slowing down in sedimentation rate following the cessation of active solifluction processes

and/or proglacial sedimentation.

The basal stratigraphy of core A from Llyn Arenig Fach is interpreted as dating from the

closing stages of the Loch Lomond Stadial and is conformably overlain by early Flandrian deposits

where pollen assemblages reflect the development from pioneer herb communities to species-rich

grassland and juniper scrub (Section 3.4.4). Early Flandrian vegetational successions reflect both

rapid and marked changes in regional environment primarily as a response to climatic amelioration

and improved soil conditions. The absence of pre-Loch Lomond Stadial sediments from Llyn Arenig

Fach suggest that the last glacier to have occupied this site dates from the Loch Lomond Stadial and

not from an earlier period of glaciation.
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Significant litho-and pollen-stratigraphical differences exist bctween cores A and B from

Llyn Arenig Fach (Sections 3.4.2 and 3.4.3). The stratigraphical significance of these differences is

summarised in Figure 3.7. The pollen stratigraphy of core A reveals a conformable succession of

pollen assemblage zones which date from the latter part of the Loch Lomond Stadial and the

beginning of the early Flandrian. In contrast, the pollen strati graphy of core B reveals the presence of

a stratigraphical break between the Loch Lomond Stadial clays and the overlying Flandrian muds

where approximately 1,500 years of sedimentation is not represented in the deposits. Such a

stratigraphical break may result from a period of non-deposition, erosion or faulting.

The interpretation of the stratigraphical break in core B as resulting from a period of non-

deposition requires explanation as to why an apparently conformable sequence (at least in the earliest

part of the Flandrian) occurs only 20 m away in core A (Figure 2.9). Localised sediment focussing,

possibly related to topographic irregularities on the early Flandrian lake bed might account for the

differences between the two cores (the clay-mud contact in core A is 64 cm deeper than the contact in

core B). However, in the absence of more coring points it is not possible to establish whether or not

this is likely to be the case.

The close proximity of the two cores is also a major factor to consider if erosion is to be

invoked as the cause of the stratigraphical break, for erosive processes would also need to be localised

and selective. Studies of upland tarns in the English Lake District (Pcnnington, 1964) have shown

that lowering of lake levels can lead to the erosion and resuspension of lake marginal deposits by

wave action. However, core B was taken from the middle and deepest part of Llyn Arenig Fach (16

m water depth) and is unlikely to have been effected by a lowering of the erosive wave base.

Although a partial lowering of the lake waters and wave base would not directly erode sediments in

the lake depocentre, it could nevertheless be responsible for the triggering of faulting and sub-aqueous

slumping of lake marginal deposits. Such marginal deposits accumulating along the upper parts of

unstable lake floor slopes are particularly susceptible to gravity displacement processes which include

low and high density turbidity currents, liquified cohesionlcss-particle flows, sub-aqueous slumps and

sub-aqueous debris flows (Gould, 1960a, 1960b; DoLt, 1963; Hampton, 1972; Friedman and

Saunders, 1978).
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Several stratigraphical features of core B suggest that sub-aqueous slump processes may

have been operative and have been responsible for causing the stratigraphical break in core B.

Friedman and Saunders (1978; p 519), define sub-aqueous slumping as:

"the downslope translocation of a body of sediment along a curved surface of

displacement that might be considered to be a fault."

The downslope edges of sub-aqueous slumps often merge into sub-aqueous debris flows which

exhibit a chaotic mixing of sediments and lack interval cohesion. Sub-aqueous slumps that retain

their stratification are referred to as coherht slumps (Friedman and Saunders, 1978).

Features of core B which support an interpretation of sub-aqueous slumping are examined

below:

(i) The boundary between the basal clay and the overlying brown mud is sharp (Plate 3.3)

and represents a major stratigraphical break with at least 1,500 years of early Flandrian

sedimentation being absent. This boundary is difficult to explain by non-deposition or

wave erosion, but can be explained by sub-aqueous slumping whereby a coherant body of

sediment slumped down a lake floor slope and eroded sediments in its path before finally

coming to rest to form an unconformable contact with the underlying sediments.

(ii) Pollen analyses reveal considerable intermixing and redeposition of pollen assemblages

directly above and below the stratigraphical break (Figure 3.3). The upper part of the in

situ Artemisia-Cyperaceae-Gramineae P.A.Z. below the stratigraphical break contains

abundant pollen and spores from the overlying Pinus-Quercus-Corylus-Ulmus P.A.Z.

Redeposited pollen and spore taxa are represented here by Pinus (30%), Quercus (10%),

Corylus (5%), Ulmus (<1%) and Isoetes (85%). Similarly the lower part of the Pinus-

Quercus-Corylus-Ulmus P.A.Z. lying above the stratigraphical break contains several

herb pollen taxa from the underlying Artemisia-Cyperaceae-Gramineae P.A.Z.
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Redeposited pollen taxa are represented here by Rumex (2%), Arremisia (2%),

Caryophyllaceae (1%), Epilobium (<1 %), Helianthemum (<1 %) and Thalictrum (<1%),

with some possible redeposition of Gramineae and Betula pollen. These redeposited

pollen taxa within the Pinus-Quercus-Corylus-Ulmus P.A.Z. are poorly represented in

relative percentage terms owing to the higher concentrations of arboreal pollen in this

zone.

The abundance of intermixed pollen assemblages restricted to sediments in close contact

with the stratigraphical break is clear evidence for a plane of severe sediment disturbance.

Using the sub-aqueous slump hypothesis, this zone of restricted sediment disturbance

may have resulted from the entrainment of sediments along a strongly sheed sediment

contact or from turbulent flow processes as the brown muds were thrusted over the clays.

(iii) Close examination of the lithologies in core B also reveal sediment disturbance and

reworking directly above and below the stratigraphical break. The lowermost 2 cm of the

brown mud contains several small discrete clumps of the underlying clay (individual

clumps are <3 mm) whilst the uppermost 9 cm of the basal clay appear to have undergone

disturbance; being highly thixotropic and lighter in colour than the underlying clay.

Lithological evidence therefore supports the palynological evidence for sediment

disturbance possibly associated with a sub-aqueous slump thrust plane.

(iv) Apart from the obvious sediment intermixing associated with the stratigraphical break of

core B, the brown mud does not show any other signs of disturbance. Indeed, the brown

mud contains a remarkably homogenous Pinus-Quercus-Corylus-Ulmus P.A.Z. with a

great abundance of Isoetes spores (Figure 3.3). Pennington (1964) recorded high

percentages of Isoetes spores from late Boreal marginal deposits of Devoke Water in the

English Lake District and demonstrated that contemporoneous deposits in the lake centre

lacked such spores. These findings suggest that high percentages of Isoetes are probably

indicative of in situ deposition within a shallow, lake marginal, rcedswamp environment.

If this is the case, then it is likely that the brown mud and Pin us-Quercus-Corylus-Ulmus
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P.A.Z. of core B represents a sub-aqueous coherant slumped mass of marginal deposits

which become detached from the upper part of an unstable lake floor slope before being

redeposited deeper in the lake.

(v) The brown mud in core B is stratified at an angle of 150 relative to the horizontal clay-

mud contact and the underlying clay. In cases where the surface of displacement is steep

and the strata cut by it are close to the horizontal, slumping can result in the translocated

sediment mass coming to rest at angles of up to 900 relative to the underlying sediments

(Friedman and Sanders, 1978). Differences in the angle of dip between the brown mud

and the underlying clay therefore lend further support to the sub-aqueous slump

interpretation.

(vi) The final line of evidence for sub-aqueous slumping concerns the lake bed position of

core B relative to core A. Although both cores were taken from the deepest part of the

present day lake, core B was taken 25 m due east of core A, in closer proximity to the

extensive lake floor slopes of the eastern area of the lake (as observed by sub-aqua

divers). The relatively closer proximity of core B to areas of potential sub-aqueous

slumping may account for the sedimentary disturbance of core B, whilst core A, in a

more distal location, remained unaffected by marginal slump processes.

The timing of slumping cannot be reliably assessed except that it post-dates the

deposition of the Pinus-Quercus-Corylus-Ulmus P.A.Z. during the latter part of the early Flandrian.

However, if the sub-aqueous slumping was activated by the lowering of the lake level, then it is most

likely to have occurred during one of two possible phases, viz, during the dry climate of the late

Boreal period (Godwin, 1956), or alternatively during recent historical times when the lake was

artificially lowered for waterworks operations which resulted in one third of the lake floor becoming

sub-aerially exposed (Stolterforth, 1880).
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Sediment cores obtained from Llyn y Gadair and Llyn Cau in the Cader Idris mountain

group lacked the stratigraphical complexities exhibited from Llyn Arenig Fach, and also revealed

major stratigraphical differences from Llyn Arenig Fach (Figure 3.7).

The pollen- and litho-stratigraphical successions at Llyn y Gadair and Llyn Cau are very

similar; cores from both sites reveal a notable absence of earliest Flandrian and Loch Lomond

(Younger Dryas) Stadial deposits from their basal sections. Basal clays are absent from the cores

obtained, with the lowermost deposits being represented by olive grey fine detritus gytjja at Llyn y

Gadair (Section 3.5.2) and by light grey-white diatomite at Llyn Cau (Section 3.6.2). These basal

sediments both contain a Pinus-Quercus-Corylus-Ulmus pollen assemblage zone (Sections 3.5.3,

3.6.3) representing a mixed woodland vegetation which prevailed in Snowdonia between Ca. 8,500-

7,000 BP (Hibbert and Switsur, 1976).

The possible reasons for the absence of Loch Lomond (Younger Dryas) Stadial and

earliest Flandrian sediments at Llyn y Gadair and Llyn Cau are examined below; particularly the

likely effects of (i) sampling errors, (ii) sampling locations, (iii) erosive processes, (iv) late ice-melt

and (v) non-deposition of sediments.

(i) Sampling errors might be responsible for the observed stratigraphies; either by

the insufficient penetration of the corer through sediments to bedrock, or by

sediment loss from the plexiglass corer during its extraction from the lake bed

sediments. However, considerable care was taken by the sub-aqua divers to

ensure that full penetration of the sediment down to bedrock was achieved at all

of the sites examined (Section 3.3). Furthermore it is unlikely that significant

sediment loss could have occurred during removal of the corer from the sediment

because the plexiglass corer was capped immediately after its emergence from

the sediment. As a precautionary check against potential sediment loss, the depth

of core penetration and the actual length of cored sediment retained in the tube

were measured at each site and no discrepancies were observed. Sampling errors

are therefore unlikely to have been the reason for the absence of Loch Lomond
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(Younger Dryas) Stadial and earliest Flandrian sediments at Llyn y Gadair and

LlynCau.

(ii) The sampling locations at Llyn y Gadair and Llyn Cau (only one core was

obtained from each lake) may not have been in the optimum location for

recovering the oldest deposits. The deposits in the deepest part of Llyn Cau (and

possible the oldest deposits) were not sampled by the sub-aqua divers owing to

safety considerations (Section 3.3). However, this was less likely to have been

the case at Llyn y Gadair where very little sediment cover was observed and the

sub-aqua divers were confident that the deepest sediments had been sampled.

(iii) The absence of earliest Flandrian deposits from core B at Llyn Arenig Fach was

previously attributed to sub-aqueous erosive slump processes. This interpretation

was supported by several litho- and pollen-stratigraphical features which revealed

an unconformable contact with "late" early Flandrian muds overlying Loch

Lomond (Younger Dryas) Stadial clays. However, at Llyn y Gadair and Llyn

Cau the "late" early Flandrian basal sediments directly overlie bedrock with no

evidence of the sediments having been disturbed by erosion. At both of these

sites, a relatively condensed, but conformable sequence of Flandrian lake muds

are preserved and erosive contacts are absent.

(iv) Pollen- and chronostratigraphical evidence from Wales indicate regional

deglaciation of cwms during the end of the Loch Lomond (Younger Dryas)

Stadial and the beginning of the early Flandrian (Ince, 1981, 1983; Walker, 1980,

1982b). However, the details of deglacial chronology at different sites may have

varied as a result of aspect, altitude and glacier volume. Furthermore, studies of

newly deglaciated terrains have shown that postglacial sedimentation in some

basins may be delayed by several hundred years as a result of residual ice

remaining deeply buried in kettle holes (Porter and Carson, 1971; Post, 1976).

The phenomenon of late ice-melt is difficult to demonstrate by radiocarbon
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dating of basal stratigraphies owing to potential errors associated with newly

deglaciated terrains (Sutherland, 1980). However, relative rates of time

transgressive retreat for former Loch Lomond (Younger Dryas) Stadial glaciers

have been inferred from the study of basal regional pollen assemblage zones from

the Lake District (Pennington, 1978); the Grampian highlands of Scotland (Lowe

and Walker, 1981) and the Isle of Mull (Walker and Lowe, 1985). Sites within

former cwm glacier limits at Llyn Llydaw and Llyn Cywion in Snowdonia

demonstrate deglaciation towards the end of the Loch Lomond (Younger Dryas)

Stadial with basal pollen spectra being represented by a Gramineae-Rumex pollen

assemblage zone (Ince, 1981; 1983). Significantly younger deposits were

recorded by Walker (1977) from the basal sediments of Llyn Clyd (a

neighbouring cwm toLlyn Cywion of Ince, 1981; 1983).

Walker (1977) obtained three Mackereth cores from Llyn Clyd; each core

contained brown mud only and basal clays were absent. Furthermore, pollen

analyses of the basal part of these cores revealed a Pinus-Quercus-Ulmus-Corylus

pollen assemblage zone. This regional pollen assemblage zone therefore dated

the basal core as belonging to the "late" early Flandrian (late Boreal)

approximately 1,500 years younger than basal deposits recorded in neighbouring

cwms. Walker (1977) interpreted this "relatively young" pollen assemblage zone

as evidence for late ice-melt and suggested that a snowbed or small glacier

occurred for a longer period at this site relative to other sites. However, it is

difficult to envisage how a localised glacier could have lingered on for almost

1,500 years after the main regional deglaciation and persisted under a climate

which favoured the regional development of warmth demanding trees such as elm

and oak. The fact that the earliest pollen zone represented in the Llyn Clyd

deposits corresponds with the same pollen zone recognised at Llyn y Gadair and

Llyn Cau may have some other regional environmental significance rather than

being a late ice melt phoenomenon.
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(v) Pennington's (1964) study of Flandrian deposits from upland Earns in the Lake

District provide useful comparative data for LIyn y Gadair and LIyn Cau and lend

support to the argument that depocentres of upland lakes were sediment starved

during the early Flandrian (resulting in little or no sedimentation i.e., a

sedimentary hiatus). Pennington (1964 p.30) described the characteristics of

early Flandrian sedimentation in upland Earns as follows:

"Once solifluction has ceased it seems that little allochthonous material, either

organic or inorganic, was deposited in the lakes in these early post-Glacial zones;

this supposition agrees with the known dry climate of the Boreal period, and

corresponds with Mackereth's period of minimum erosion and rapid leaching of

soluble bases."

Pennington also observed that diatomites make up the bulk of the early Flandrian

deposits and at Goatswater the sediments of this age were so thin that it was impossible to distinguish

clear pollen zone boundaries.

Such observations are corroborated in the present study. Diatomites and true algal gels

(fine detritus gyttja) make up the basal deposits at Llyn Cau and Llyn y Gadair. The absence of

earliest Flandrian deposits at both of these high altitude lakes can therefore be explained in terms of

little or no terrigenous input during those times. Given these conditions, the first "postglacial"

sediments to accumulate at Llyn Cau and Llyn y Gadair were those composed entirely of the siliceous

tests of diatoms and algal detritus during the late Borcal (contemporaneous with similar deposition at

Llyn Clyd [Walker, 1977]).

In conclusion, this study of upland lake sites has revealed several stratigraphical

complexities which have hitherto received relatively little attention in the literature. Despite

stratigraphical complexities arising from erosional processes (inferred at Llyn Arenig Fach) and

delayed postglacial sedimentation (inferred at Llyn Cau and Llyn y Gadair), it is concluded that the

pollen- and litho-stratigraphical evidence from inside the former cwm glacier limits suggest that the
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last glaciers to have occupied the cwms did so during the Loch Lomond (Younger Dryas) Stadial. No

evidence of pre-Loch Lomond (Younger Dryas) Stadial sediments was observed at any of the Sites.

This hypothesis will be tested further in the following chapter, which examines the stratigraphies

obtained from sites located outside the former cwm glacier limits.
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CHAPTER 4

POLLEN STRATIGRAPHIES FROM OUTSIDE FORMER GLACIER

LIMITS

4.1 Introduction

Pollen stratigraphical investigations of sites critically located outside former glacier limits

have played a key role in determining the relative age and former extent of Loch Lomond (Younger

Dryas) Stadial ice limits throughout the British Isles (e.g. Seddon, 1962; Walker, 1975a, 1975c, 1977,

1980, 1982a; Lowe, 1977, 1978; Ince, 1981; Walker and Lowe, 1982, 1990; Tipping, 1984;

Robertson, 1988; Lowe and Walker, 1986; Walker et al., 1988). The method relies on our ability to

compare and contrast stratigraphies located immediately outside the former glacier limits with those

obtained from inside such limits. Thus in situations where sites from inside the former glacier limits

reveal Flandrian stratigraphies only, whilst neighbouring outside sites reveal Flandrian and

Lateglacial stratigraphies, we may then infer that the former glacier limits are likely to be of Loch

Lomond (Younger Dryas) Stadial age.

This chapter describes the pollen stratigraphical investigations of three sites located

outside of, but in close proximity to, the former glacier limits as defined in CHAPTER 2. Two of

these sites, Llyn Gwernan and Llyn Cyri lie on the northern flank of the Cader Idris mountain group

(Figure 2.3). A third site, Rhyd-y-fen, lies within the Arenig mountains (Figure 4.7).

The Llyn Gwernan pollen site is located 2 km due north of the glacier/rock glacier

complex described in Section 2.6.6 which contains the Llyn y Gadair pollen site (Section 3.6.6,

Figure 2.6). The Llyn Cyri pollen sites lies 7 km south-west of Llyn Gwernan on the floor of the

western-most cwm of Cader Idris (Figure 2.4). This pollen site is located immediately outside a

protalus rampart which defines the former limit of snowpatch "a" (Section 2.6.1). The

geomorphological evidence described in Section 2.6 indicates that at least three former glaciers and
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nine former permanent snowpatches once flourished along the cliff walls and higher cwms of Cader

Idris (Figure 2.3). The pollen site of Rhyd-y-fen lies on the floor of a glacially scoured trough which

dissects the mountains of Arenig Fawr and Arenig Fach (Figure 4.7). This pollen site is located 2 km

due south of the moraine limit which defines the former extent of glacier "5" (Section 2.6.14) and

encompasses the Arenig Fach pollen site (Section 3.4 Figure 2.9).

Details of the Llyn Gwernan, Llyn Cyri and Rhyd-y-fen pollen sites are provided in

Sections 4.5, 4.6 and 4.7 respectively. Each of these sections include descriptions of the

lithostratigraphy, pollen stratigraphy and inferred vegetational history for each site. The

stratigraphical significance of each of these sites in relation to the glacial history of the area is

discussed in Section 4.7.

4.2 Previous studies

The foundations of Lateglacial pollen analyses in the British Isles were first laid down by

Jessen and Farrington (1938) in their classic study of a tripartite sequence at Ballybetagh, Co. Dublin.

However, this study and subsequent work by Jessen (1949) and Mitchell (1951, 1954) concentrated

mainly on the stratigraphical descriptions of Lateglacial sites and detailed macrofossil analyses with

only rudimentary pollen analyses. It was not until the late 1950s and early 60s that more detailed and

widespread Lateglacial pollen studies were undertaken (Godwin, 1956, 1959; Bartley, 1960, 1962;

Smith, 1961; Seddon, 1962; Kirk and Godwin, 1963; Watts, 1963). Since that time a large number of

Lateglacial pollen diagrams has been published; particularly from western Britain (Moar, 1969;

Moore, 1970; Pennington and Bonny, 1970; Crabtree, 1972; Pennington er al. 1972; Birks, 1973;

Simpkins, 1974; Pennington, 1975, 1977a; Walker, 1975a, 1975b, 1977, 1982a; Brown, 1977; Lowe,

1977, 1978; Watts, 1977; Craig, 1978; Beales, 1980; Caseldine, 1980; Ince, 1981; Tipping, 1984;

Lowe and Walker, 1986; Robertson, 1988; Walker and Lowe, 1990). Such pollen analytical studies

have formed the basis of much of our current knowledge of Lateglacial vegetational history and

paleoenvironmental change.
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Relatively few studies of Welsh Lateglacial sites have been undertaken for the purpose of

primarily constraining the limits of former cwm" glaciation. Seddon (1962) noted significant

stratigraphical differences between those sites located outside cwm moraine limits and those sites

from inside such limits. Thus Seddon used pollen- and litho-stratigraphical evidence from the Nant

Ffrancon and Llyn Dwythwch sites (lying outside the limits of former cwm glaciation) to demonstrate

the occurrence of Lateglacial deposits. In contrast, similar studies from the Cwm Idwal and Cwm

Cynghorion sites (lying inside the limits of former cwm glaciation) demonstrated the occurrence of

Flandrian deposits only. Seddon (1962, p.479) concluded that these differences in stratigraphies

indicated that;

"The last cwm glaciation of the district is thus referred to zone

III of the pollen-analytical sequence,"

i.e. approximately equivalent to the Loch Lomond (Younger Dryas) Stadial as defined in the present

study (Section 1.2).

Subsequent pollen stratigraphical investigations of northern Snowdonian sites by Ince

(1981) and sites in the Brecon Beacons of South Wales by Walker (1980, 1982b) and Robertson

(1988) have corroborated Seddon's earlier observations and reinforced his conclusions on the age of

the last cwm glaciation. In addition to these studies, several other Lateglacial pollen profiles have

been published from northern Snowdonia (Crabtree, 1972), the Lleyn peninsula (Simpkins, 1974), the

Cardiganshire coast (Taylor, 1973), mid Wales (Bartley, 1960, Moore, 1970) and South Wales

(Trotman, 1963; Walker and Harkness, 1990) - Figure 4.1. Most of these sites are not of crucial

importance for delimiting the former extent of cwm glaciers because they occur at a considerable

distance away from former glaciated areas. Nevertheless they provide useful data for comparing

lithological and regional vegetational developments throughout the Lateglacial period in Wales and

will be referred to in the following chapters which deal with the timing and impact of Lateglacial

environmental change.
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NF, Nant francon, LD, Llyn Dwythwch (Seddon, 1962); L, Liewesig, CG,
Cors Geuallt (Crabtree, 1972); LG, Llyn Goddionduon, C, Clogwyngarreg
(Ince, 1981); G, Glanhlynnau (Simpkins, 1974); RYF, Rhyd-y-fen, LGW,
Llyn Gwernan, LC, Llyn Cyri (this study); C, Clarach (Heyworth, Kidson
and Wilks, 1985); EV, Elan Valley (Moore, 1970); T, Tregaron Bog
(Hibbert and Switsur, 1976); RC, Rhosgoch Common (Bartley, 1960); TM,
Traeth Mawr (Walker, 1982a); BG, Bryniau Gleision (Robertson, 1988);
LN, Lianitid (Walker and Harkness, 1990).

Figure 4.1 Locations of Lalcglacial poUcn sites in Wales referred to in
the Lcxt
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4.3 Coring techniques at bog sites

The deepest accessible part of each basin was located by probing rods prior to coring. At

the site of Llyn Gweman (Section 4.4), the basin was probed on a 10 m grid basis to provide a map of

interpolated basement contours (Figure 4.3). This coring always took place in the deepest accessible

part of each basin and bedrock was reached at each site.

Sediments for pollen analyses were obtained using 0.5 m and 1 0 m length Russian corers

(Jowsey, 1966). Soft organic-rich muds and finely laminated clays were perfectly preserved with

these sampling devices. Sampling was undertaken from two closely spaced boreholes (50 cm apart)

with each alternate core being successively overlapped by 20 cm and accurately levelled into an

arbitrary datum by a Watts Quickset level. Particular care was taken to ensure that the boring rods

and chamber were pushed vertically into the sediments. These techniques enabled the sampling of

continuous stratigraphical sequences at each of the sites sampled.

At Llyn Gwernan samples were taken for radiocarbon dating using a modified

Livingstone sampler (5 cm diameter, im long chamber) and sediments from selected pollen-

stratigraphical and lithostratigraphical horizons were bulked from adjacent cores to obtain dates with

low standard deviations on thin, precisely defined sediment slices. Full details of this method are

given in Section 5.3.

Sediment cores extracted in the field were placed in lengthwise sectioned 2" diameter

plastic drainpipes and the main lithological characteristics of the cores were noted before being

wrapped in airtight strong adhesive film. Detailed sediment description in the laboratory was

performed as soon as possible on returning from the field using the notation of Troels-Smith (1955)

and 1 cm3 samples of sediment were carefully removed from the centre of the cores at various

sampling intervals for subsequent chemical pretreatment and pollen analyses. Cores were stored in a

darkroom at 2°C for future use. Detailed descriptions of the cored sediments and the pollen

stratigraphies obtained from each bog site are presented in the following sections.
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4.4 LIyn Gwernan

4.4.1 Site description

Llyn Gweman is a small freshwater lake situated on the northern flank of Cader Idris, 3

km south-west of Dolgellau at grid reference SH703 159 (Figure 4.2). The lake lies at an altitude of

165 m O.D. in a steep sided SW-NE trending rock basin, formed along the line of the Dolgelly fault

(Cox and Wells, 1927). The local bedrock consists of Upper Cambrian and Lower Ordovician

mudstones, slates and rhyolites intruded by igneous complexes of Ordovician dolerite and granophyre

(Cox and Wells, 1921).

Dolerite intrusions form prominent scarps to the north and west of the lake, whilst slopes

to the south gradually rise up to the north facing escarpment of Cader Idris; culminating in the summit

of Penygadair (893 m). The geomorphological mapping described in CHAPTER 2 suggests that

seven permanent snow-beds and two glaciers flourished along this north facing escarpment during the

Loch Lomond Stadial (Figure 2.3). Llyn Gweman lies 2 km north of the former glacier/rock glacier

complex described in Section 2.6.6 which contains the Llyn y Gadair pollen site (Section 3.5).

Geological, geomorphological and topographic controls in the vicinity of Llyn Gweman

must therefore have provided a wide range of vegetational habitats during the Lateglacial and have

supported an equally diverse flora.

The lake is 450 m long and 120 m wide with a surrounding catchment area of 0.27 km2

(Plate 4.1). It receives little water from permanent streams and is drained by a narrow ditch at its

south-western margin. Sediments have accumulated at the south western margin of the lake, such that

a gradual succession of plant communities across this mull have raised the bog level above that of the

general lake level (Plate 4.2). The bog surface is periodically flooded and supports a vegetation

dominated by grasses and sedges (mainly Nardus, Juncus and Carex) and bog myrtle (Myrica gale)

(Plates 4.3 and 4.4).
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Figure 4.2 Llyn Gweman pollen site location.
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The thickness of this basin infihl was established by pushing probing rods down to the

bedrock on a 10 x 10 m grid. A level mounted at the side of the site was used to provide a common

datum for each test bore. In this way, forty-one points were used to construct the bedrock contours

illustrated in Figure 4.3.

Sediment cores for pollen analyses (Plate 4.5) were removed from the deepest accessible

part of the bog infill using a 1 metre long Russian corer (point S of Figure 4.3). Sediment for

radiocarbon dating was obtained by piston corer using multiple shot sampling techniques (point R of

Figure 4.3). These coring methods are described in Sections 4.3 and 5.3. The lithological succession

obtained from the Llyn Gweman site is described below, using the notation of Troels-Smith (1955).

4.4.2 Lithostratigraphy

Depths are in centimetres below the bog surfaces.

930-968	 Dark brown fine detritus mud. Nig 3, strf 2, elas 2, sicc 3, humo 2; Ld 3 3, Dg 1,

Dh-i-. Lower boundary sharp.

968-1003	 Dark brown fine detritus mud, with increasing clay content towards base. Nig 3,

strf 3, elas 1, sicc 3, humo 1; u 2, Dg 1, As I, Dh+. Lower boundary sharp.

1003-1032	 Light grey clay. Nig 1, strf 2, elas 0, sicc 3, humo 0; As 3, Ag 1. Angular "drop

stones" at 1008 and 1030 (long axes 1.5 cm). Thin layers of highly degraded,

bryophyte remains between 1017 and 1022. Lowermost 2 cm pure white clay

only. Lower boundary sharp.

1032-1090	 Black fine detritus clay mud. Nig 3, strf 3, elas 1, sicc 3, humo 1; Ld2 1, Dg 1, As

2. Layers of highly degraded bryophyte remains at 1059, 1068, 1075 and 1079.

Wood twig at 1052. Lower boundary gradual.
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Figure 4.3 LIyn Gwernan pollen site sediment thickness and coring
locations
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1090-1220	 Black fine detritus mud. Nig 3, strf 2, elas 1, sicc 3, humo 2; Ld 2 3, Dg I, Dh+

As+. Layers of degraded bryophyte remains at 1152, 1170, 1178, 1214, 1219 and

1220. Occasional seeds throughout. Lower boundary gradual over 3 cm.

1220-1270	 Black fine detritus clay mud. Nig 3, strf 3, elas 1, sicc 3, humo 1; Ld 2 2, Dg 1, As

1, Dh+, Ag+. Lower boundary sharp.

1270-1282	 Finely laminated grey clay. Nig 1, strf 3, elas 0, sicc 3, humo 0; As 4, Ag+.

Common chloritic layers and thin sideritic layer at 1276.

1282-1415	 Grey clay. Nig 1, strf 0, elas 0, sicc 2, humo; As 4, Ag+. Occasional chioritic

layers.

4.4.3 Pollen stratigraphy

Pollen concentration, percentage and preservation data for the Llyn Gwernan site are

described in Lowe and Lowe (1989). The following is a detailed account of the relative pollen

diagram as presented in Figure 4.4. The following local pollen assemblage zones are recognised

(percentages are calculated for a total land pollen sum of at least 300 per sample).

Zone GW-1 (1290-1282 cm)

Secondary pollen - pre-Quatemary spore assemblage zone

This zone is characterised by high percentages of Pinus pollen (50-60%) and pre-

Quatemary spores (20-35%). Betula pollen attains values of 12% and low percentages of Alnus (5%)

and Quercus (2%) are present. Non-arboreal pollen (N.A.P.) values are low with Artemisia and

Gramineae pollen both attaining maxima of 8%. The upper boundary of this zone is placed where

pollen of Gramineae, Cyperaceae and Artemisia rise markedly to percentage dominance.
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Zone GW-2 (1282-1270 cm)

Gramineae-Artemisia-Cyperaceae pollen assemblage zone

N.A.P. predominates throughout, with values for Gramineae, Artemisia and Cyperaceae

attaining up to 30%, 22% and 13% respectively. Pollen of Pinus (10-15%) and Betula ( 10%) still

persist. A wide variety of herbaceous pollen types are present, notably Caryophyllaceae, Compositae

Liguliflorae and Cruciferae. Percentage values of 2-3% in Helianthemum pollen are noteworthy since

such values are restricted to this zone. Salix pollen is present in low amounts towards the upper zone

boundary of the zone. The upper boundary of this zone corresponds with a decline in percentages of

Artemisia pollen and a distinct rise in values for pollen of Rumex.

Zone GW-3 (1270-1245 cm)

Rumex-Gramineae pollen assemblage zone

Within the dominant N.A.P., Rumex is the major pollen type with values of up to 45%.

Gramineae values vary between 15-25% and Cyperaceac vary between 10-15%. Salix pollen is

present with percentage values of 10%. Artemisia persists at 5% and Galium gradually increases to

9% at the upper boundary of the zone. Aquatic pollen of Myriophyllum alternWorum, Potamogeton

and Typha angustifolia are characteristic of this zone, though never exceed 10%. Spores of

Thelypteris attain 2% and are mainly restricted to this zone. The upper boundary of the zone is drawn

at the rise in Juniperus percentages.

Zone GW4 (1245-1 193 cm)

Juniperus-Gramineae-Rumex pollen assemblage zone

This zone is characterised by Juniperus pollen values of circa 15% which rise to a brief

but pronounced peak (35%) towards the upper boundary of the zone. Salix pollen values also attain

14% prior to the Juniperus peak. (Jramineae values remain stable at circa 20% whilst percentages of

Rumex pollen are initially high (20%), but gradually decline through the zone to 3%. Betula pollen

percentages rise markedly from 5% to over 30% towards the upper boundary of the zone and are
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accompanied by the appearance of Filipendula pollen (6%). High percentage values for Thalictrum

are restricted to this zone and form a distinct peak rising to 13%. Galium maintains values of up to

7% and Artemisia persists at values of 4%. Empetrum tetrads (2%) and single occurrences of

Hippophae rhamnoides pollen are mainly concentrated within this zone. Aquatic pollen is much

reduced from the underlying zone. The upper boundary of this zone corresponds with the sharp

decline in Juniperus pollen percentages.

Zone GW-5 (1193-1100 cm)

Betula-Gramineae-Filipendula pollen assemblage zone

Betula (30-40%) and Gramineae (25-30%) dominate the pollen assemblage of this zone,

followed by Cyperaceae (10%) and Filipendula (5-10%). Percentages of Juniperus pollen sharply

decline to 5% at the lower boundary and never exceed this value throughout the zone. Salix pollen

also rarely exceeds 5%. Herbaceous pollen types are much reduced in percentage values from the

underlying zones but many persist as a continuous trace. The upper boundary of this zone is placed

where Juniperus pollen percentage values begin to rise.

Zone GW-6 (1100-1046 cm)

Betula-Gramineae-Juniperus-Filipendula pollen assemblage zone

This zone is dominated by pollen of Betula (20-45%), Gramineae (17-35%) and

Juniperus (4-18%) and is characterised by highly fluctuating percentage values within these pollen

spectra. Pollen of Cyperaceae (10%) and Filipendula (7%) are also present. The upper boundary of

this zone is defined by the sharp rise in percentages of Cyperaceae pollen, with declining values for

Betula and Juniperus pollen.
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Zone GW-7 (1046-1024 cm)

Cyperaceae; Rumex-Artemisia pollen assemblage zone

Betula, Juniperus, Gramineae and Filipendula pollen percentage values all record varying

degrees of decline. Cyperaceae and Rumex form pollen percentage peaks of 25% and 20%

respectively, whilst Artemisia gradually rises to 28% at the upper boundary of the zone. A wide

variety of herb pollen is present with increased abundance particularly in Caryophyllaceae,

Compositae Tubuliflorae, Cruciferae, Epilobium, Ranunculaceae and Thalictrum. Athyrium (5%) and

undifferentiated Filicales (10%) are the most common spore types. The upper boundary of this zone

is placed at the decline in Rumex pollen with a corresponding rise in Cyperaceae pollen values.

Zone (3W-8 (1024-1004 cm)

Cyperaceae-Artemisia pollen assemblage zone

Cyperaceae are the dominant pollen type (28%) whilst Artemisia gradually declines from

its peak of 28% at the lower boundary of the zone, but still maintains values >15% throughout.

Rumex values are low (5%) having diminished considerably from the underlying zone. Gramineae

values are initially low (10%), but rise to 20% at the upper boundary of the zone. The wide variety of

herb pollen and spores of low percentage frequency arc similar to those of the underlying zone.

Although characterised by N.A.P. dominance, Betula values occasionally attain 20% whilst Salix

remains constant at Ca. 7%. The upper boundary of the zone corresponds to a marked increase in

Rumex pollen percentages.

Zone GW-9 (1004-994 cm)

Gramineae-Rumex-Cyperaceae pollen assemblage zone

Gramineae, Rumex and Empetrum form distinct pollen percentage peaks with maximum

values of 24%, 15% and 5% respectively. Values for Cyperaceae decline throughout but remain

>15% and Artemisia gradually declines to 3%. Many open habitat herbs are still present. Juniperus,

Salix and Filipendula percentages increase towards the top of the zone, but Betula values are low
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(<10%). The upper boundary of the zone is placed at the decline in Cyperaceae and Rumex pollen

corresponding to an increase in Juniperus pollen.

Zone GW-I0 (994-978 cm)

Juniperus-Salix-Betula-Filipendula pollen assemblage zone

Shrub pollen is the major component of this zone, with characteristic peaks in Juniperus

(47%) and Salix (20%). Betula pollen values rise throughout from 10% to >40% towards the upper

boundary of the zone. Filipendula pollen (6%) is consistently represented. Gramineae is the only

other major herb pollen type present declining to 7%. Undifferentiated Filicales spores attain

maximum percentage values of almost 90% towards the upper boundary of the zone, with only a

further 5% being identified as Dryopteris spores. The upper boundary of the zone corresponds to the

marked decline in Juniperus pollen percentages.

Zone OW-Il (978-960 cm)

Betula-Salix pollen assemblage zone

Betula is the major pollen type with values of 60-70%. Salix pollen remains aboundant at

10-15%. Gramineae pollen values diminish to 4% and Filipendula persists at 5%. Filicales spores

have values of 40-70% but decline abruptly to 10% at the upper boundary of the zone. The upper

boundary of the zone is defined by a marked increase in pollen of Corylus/Myrica.

Zone GW-12 (960-930 cm)

Betula-Corylus pollen assemblage zone

Betula pollen predominates (50-60%) followed by Corylus/Myrica (15-35%). Ulmus

pollen occurs in percentages of up to 3% and are followed higher in the zone by the appearance of

Quercus(3-7%) and a trace of Alnus pollen. Filicales are present at up to 10%.

119.



4.5 Llyn Cyri

4.5.1 Site description

Llyn Cyri is a small freshwater lake situated at the western end of the Cader Idns

mountain range, 8 km south west of Dolgellau at grid reference SH 657117 (Figure 4.5). The lake

lies at an altitude of 360 m O.D. in Cwm Cyri; the western-most north facing cwm on Cader Idris.

The lake is 200 m long, 100 m wide and 2 m deep. Its surrounding catchment area is

0.25 km2, consisting of vegetated scree slopes and precipitous bare rock surfaces of Lower

Ordovician volcaniclastic and mudstone lithologies. The headwall of Cwm Cyn on the south shore of

the lake precipitously rises to 250 m above the lake and severely limits the amount of direct solar

radiation available to the lake. Llyn Cyri is fed by local springs and is drained by a narrow ditch at its

northern end.

The geomorphological mapping described in Section 2.6.1 revealed an absence of

moraines on the floor of Cwm Cyn. However, the former limit of a permanent snowpatch is defined

by a protalus rampart perched on the back wall of the cwm at 466 m O.D. i.e., at Ca. 100 m above

Llyn Cyri (Figure 2.3 and 2.4, Plate 4.7 and 4.8). A channel at the western end of the protalus

rampart would have drained meitwater into Llyn Cyri as the former snowpatch receded.

Sediments for pollen analyses were taken from a bog site on the western margin of the

lake (Figure 4.5, Plates 4.7 and 4.8). The bog surface is periodically flooded and supports a floating

mat or "schwingmoor" succession (sensu Sinker, 1962) dominated by grasses, sedges and mosses

(mainly Nardus, Juncus, Carex and Sphagnum). Hydrocotyle vulgaris and Potentilla erecta

commonly occur on the bog surface, whilst Drosera rotundifolia is locally abundant on patches of

Sphagnum. Erica tetralix occupies the drier tussocks and the better drained margins of the bog. The

lake supports an aquatic flora dominated by Potamogeton natans and P. alpinus with Menyanthes

trfoliata colonising the lake margins.
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Figure 45 Llyn Cyri pollen site location.
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The deepest accessible part of the basin infill was located by pushing probing rods down

to the bedrock along a 10 m interval traverse. Sediment cores for pollen analyses were removed from

the deepest accessible part of the basin using a 1 metre long Russian corer employing the techniques

described in Section 4.3. The lithological succession obtained from the Llyn Cyri site is described

below, using the notation of Toels-Smith (1955).

4.5.2 Lithostratigraphy

Depths are in centimetres below the bog surface.

970-1060	 Grey green fine detritus mud. Nig 2, strf I, elas 2, sicc 3, humo 1; Ld 32, As 1, Ag I,

Dh+, As+. Lower boundary shaip.

1060-1074 Light grey clay mud mottled with black streaks. Nig I, strf 2, elas 0, sicc 3, humo 0;

As 3, Dgl,Ld3+, Dh+. Lower boundary sharp.

1074-1109	 Light grey clay. Nig 1, strf 3, elas 0, sicc 3, humo 0; As 3, Ag 1. Angular "drop

stones" (long axes typically 1-2.5 cm) at 1082. 1095 and 1100. Major lenses of highly

degraded bryophyte remains at 1077, 1083, 1087 and 1101. Chloritic banding at 1083

and 1092. Lowermost 7 cm pure clay only. Lower boundary sharp.

1109-1194	 Medium olive grey fine detritus mud. Nig 2, strf 2, elas 2, sicc 3, humo 1; Ld2 2, Dg

1, As 1, Lso+, Ag+. "Drop stone" (long axis 1.5 cm) at 1115. Layers of degraded

bryophyte remains at 1112, 1123 and 1130. Lower boundary gradual over 3 cm.

1194-1230	 Medium olive grey fine detritus clay mud. Nig 2, strf 3, elas 2, sicc 3, humo I; 142 1,

Dg 1, As 2. Lower boundary sharp.

1230-1240 Light grey clay. Nig 1, strf 1, elas 1, sicc 3, humo 0; As 3, Ag 1. Lower boundary

sharp.
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1240-1274	 Black finely laminated silty clay mud. Nig 3, strf 4, elas I, sicc 3, humo I; Ld 2 1, Dg

I, As I, Ag 1. Lower boundary sharp.

1274-1285	 Grey clay. Nig 1, strf 0, elas 0, sicc 2, humo 0; As 4, Ag+.

4.5.3 Pollen stratigraphy

The pollen diagram for Llyn Cyri is presented in Figure 4.6. The following local pollen

assemblage zones are recognised (percentages are calculated for a total land pollen sum of at least 300

per sample).

Zone CY-1 (1280-1275 cm)

Gramineae-Artemisia- Secondary pollen assemblage zone

The pollen spectra of this zone are dominated by Gramineae (25%), Pinus (20%),

Artemisia (17%) and Betula ( 12%). Pollen of Cyperaceae, Rumex, Caryophyllaceae and pre-

Quaternary spores individually attain values of 3-5% and traces of Quercus, Ulmus and Alnus are

present.

Zone CY-2 (1275-1245 cm)

Rumex-Gramineae pollen assemblage zone

Pollen of Rumex (30-35%) and Gramineae (25-30%) predominate in this zone followed

by Cyperaceae (15%). Pollen values of 5% are attained by Betula, Salix, Artemisia and Typha

angustfolia.
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Zone CY-3 (1245-1210 cm)

Juniyerus-Gramineae-Rumex pollen assemblage zone

This zone is characterised by an upward trend in pollen percentages for Juniperus of up to

22%, whilst Rumex pollen decline throughout the zone from 27% to 5%. Gramineae pollen values

attain a peak of 40% and Cyperaceae attain 12%. Betula pollen rises to 25% towards the upper

boundary of the zone and Filipendula to 5%. Salix and Artemisia pollen percentages remain

unchanged from the underlying zone (5%), but peaks in Galium (6%) and Thalictrum (8%) are

notable. Typha angustfolia pollen is absent from the upper part of this zone.

Zone CY-4 (1210-1160 cm)

Betula-Gramineae-Filipendula pollen assemblage zone

Juniperus pollen is greatly reduced from the underlying zone accounting for <5% TLP

and is replaced by high, but fluctuating percentage values for Betula (25-40%) and Filipendula (up to

10%). Values for Gramineae (30-40%) and Cyperaccac arc maintained and Salix (5%), Rumex (5-

10%) and Artemisia (<3%) persist throughout the zone.

Zone CY-5 (1160-1110cm)

Betula-Gramineae-Juniperus pollen assemblage zone

The pollen assemblage of this zone is similar to that of the underlying zone; the major

difference being the greater representation of Juniperus pollen percentages (<10%) in CY-5. The

uppennost samples of this zone are dominated by Isoetes spores which attain 100% TLP.
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Zone CY-6 (1110-1073 cm)

Artemisia-Cyperaceae-Betula pollen assemblage zone

The lower boundary of this zone is defined by a marked increase in pollen of Artemisia

which attains a peak of 28%. The zone is characterised by relatively high percentage values for

pollen of Cyperaceae (20%) and Betula (17-25%), with decreases in Gramineae to 10% and Rumex to

3%. Herb pollen attain 2-3% TLP and include Caryophyllaceae Compositae tubuliflorae,

Ranunculaceae and Thalictrum. Juniperus and Filipendula pollen are both absent from much of this

zone.

Zone CY-7 (1073-1062 cm)

Rumex-Gramineae-Filipendula pollen assemblage zone

This zone is characterised by pollen of Rumex and Gramineae which fonm distinct peaks

at 23% and 22% respectively and pollen of Filipendula which rises from <1% to 8%. Pollen of

Cyperaceae (12%) and Artemisia (3%) are greatly reduced from the underlying zone and Betula

percentages fall to a low level of 6%. A low but significant percentage of Empetrum tetrads (2%) are

also characteristic of this zone.

Zone CY-8 (1062-1040 cm)

Juniyerus-Gramineae-Betula pollen assemblage zone

Juniperus dominates the pollen spectra of this zone, culminating in a marked percentage

peak of 40%. Gramineae pollen values fluctuate between 17 and 24% and Betula pollen rises

throughout the zone from 10% to 40%. Salix pollen percentages gradually rise to 10% whilst

Flilpendula decreases to 5%. Empetrum tetrads (2-3%) accompany the rise in Juniperus pollen

percentages.
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Zone CY-9 (1040-1020 cm)

Betula-Salix-Gramineae pollen assemblage zone

Pollen of Betula (67%) and Salix (15%) attain their highest percentage values within the

diagram. Gramineae pollen gradually declines from 20% to 7% and Filipendula pollen values are

maintained at 5%. Filicales (undifferentiated) form a peak of 50% within the zone and Jsoetes spores

auain 120% liP at the upper boundary of the zone.

Zone CY-lO (1020-970 cm)

Betula-Cor,lus pollen assemblage zone

The land pollen assemblage is dominated by Betula (50%) and Corylus (10-28%). Salix,

Gramineae and Pinus constitute much of the remaining pollen spectra together with traces of Quercus

(1%) and Ulmus (3%). Spores of Isoetes attain high percentages (120-230% TLP) and Filicales attain

20% TLP.

4.6 Rhyd-y-fen

4.6.1 Site description

Rhyd-y-fen is a bog site situated on the floor of a major east-west trending glacial

through valley which divides the mountains of Arenig Fawr and Arenig Fach (Figure 4.7). It lies at

an altitude of 350 m O.D. and 1.5 km west of Llyn Celyn at grid reference SH 828397.

The bog site occupies a circular basin some 100 m in diameter on the meander plain of

the Afon Tryweryn. Although the site is presently drained by several man made ditches and lies close

to the Afon Tryweryn it probably received most of its previous drainage from the southern slopes of

Arenig Fach. The bog surface is dominated by grasses and sedges (mostly Nardus, Juncus and
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Carex) and the local bedrock Consists entirely of Lower Ordovician volcaniclastic and mudstone

lithologies (Feamsides, 1905).

The geomorphological mapping described in CHAPTER 2 revealed an absence of

evidence for former cwm glaciation on Arenig Fawr to the south of the site. However, Rhyd-y-fen

lies 2 km due south of the inferred limit of a former cwm glacier (Section 2.6.14) which contains the

Llyn Arenig Fach pollen site (Section 3.4).

The deepest part of the basin infill was located by pushing probing rods down to the

bedrock and was subsequently cored by a 1 metre long Russian corer in order to obtain sediments for

pollen analyses. Coring techniques are described in Section 4.3. The lithological succession obtained

from the Rhyd-y-fen site is described below, using the notation of Troels-Smith (1955).

4.6.2 Lithostratigraphy

Depths are in centimetres below the bog surface.

460-560 Olive green, fine detritus mud (nig 2), rapidly oxidising to dark brown on exposure to air

(nig 4), strf 1, elas 2, sicc 3, humo 2; Ld 3 2, Dgl, Dhl, Dl+, Tb+, Lso+, Ag-i-. Lower

contact sharp.

560-702	 Grey clay with some silt. Nig 2, strf 4, elas 0, sicc 2-3, humo 0; As 3, Ag 1, Ga+, Gs+,

Dg+, Dh+. Some vivianite crystals present. Major layers of fine sand at 560-563, 628-

629.5, 644-645, and 655-656.5. Angular and well-rounded "drop" stones (long axes

typically 1-2.5 cm) at 562, 606, 652 and 676. Major organic layers chiefly of degraded

bryophyte remains at 569, 571-574, 613, 635, 641, 653, 658, 669, 671-681, 684, and 688-

689. Lower contact sharp. A sediment core from the middle of this clay is illustrated in

Plate 4.6.
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Figure 4.7 Rhyd-y-fcn pollen Site location.
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702-773	 Olive green, fine detritus mud (no colour change on exposure to air). Nig 2, strf 1, elas 2,

sicc 3, humo 3; Ld 3, Dg 1 Dg+, As+, Ag^. Well-rounded drop stones ("a" axes 0.5-2.2

cm) between 707-712, 716, 733. Thin layer of bryophyte remains at 706.5 and layer of

clay between 734-736. Lower contact gradual.

773-783	 Olive grey detritus mud. Nig 2, strf 4, elas 0, sicc 3, humo 2; Ld 2 1, Dg 1, Dh 1, As 1,

Ag+, Lf+. Gradual increase in detritus toward upper boundary. Bryophyte remains at

774 and 781. Lower boundary diffuse.

783-800	 Grey clay with dark mottling increasing toward upper boundary. Nig 2, strf 3, elas 0, sicc

3, humo 1; As 4, Ag+, Ga+, Dg+. Lower boundary gradual.

800-811	 Grey silty clay. Nig I, strf I, elas 0, sicc 2, humo 0; As 3, Ag 1, Ga+, Gs+. Fine sand

layers at 806-808 and 811.

8 11-820	 Grey clay. Nig 1, strf 0, elas 0, sicc 2, humo 0, As 4, Ag+.

4.6.3 Pollen stratigraphy

The pollen diagram for Rhyd-y-fen is presented in Figure 4.8. The following local pollen

assemblage zones are recognised (percentages are calculated for a total land pollen sum of at least 300

per sample).

Zone RYF-1 (8 10-800 cm)

Gramineae-Cyperaceae-Artemisia pollen assembl ae zones

This zone is characterised by high percentage values of N.A.P. predominantly of

Gramineae (26%), Cyperaceae (18%) and Artemisia (12%). Pollen of Caryophyllaceae,

Chenopodiaceae and Compositae Liguliflorae each attain values of 2-3%. Pinus pollen attain 25%,
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Betula 10%, and pre-Quaternary spores 5%. Traces of Quercus. Alnus and Tilia although <1% are

also characteristic of this zone.

Zone RYF-2 (800-775 cm)

Ru,nex-Grarnineae pollen assemblage zone

The lower boundary of this zone is defined by a marked percentage increase in pollen of

Rwnex, with values ranging between 30-40% throughout the zone. Gramineae values vary between

25-35% and Cyperaceae between 8-12%. Salix is the dominant shrub pollen and attains 12%.

Artemisia pollen percentages decline to <2% whilst Compositae Tubuliflorae, Galium and

Ranunculaceae form a significant component, but individually do not exceed 2-3%. Betuta pollen

values are low (7%) whilst Pinus pollen and pre-Quatemary spores show considerable percentage

reduction from the underlying zone. Aquatic pollen of Myriophyllum alterniflorum (1-4%),

Potarnogeton (1-11%) and Typha angustifolia (1-6%) are particularly characLeristic of this zone.

Zone RYF-3 (775-725 cm)

Juniperus-Gramineae-Rumex pollen assemhlaze ione

This zone is characterised by a marked upward trend in Juniperus pollen to a peak of

27% whilst values for Rumex gradually decline throughout the zone from 35% to 7%. Gramineae

pollen values attain a maximum of 42%. Betula, Salix and Cyperaccae individually do not exceed

10%. Galiwn, Thalictrum, Artemisia and Ranunculaceae have values from 2-5% throughout the zone

and Filipendula (2%) is present at the upper boundary of this zone. Aquatic pollen is much reduced

from the underlying zone. Myriophyllum alterniflorum (up to 8%) persists throughout the zone but

Typha angustfolia and Potamogeton are absent from much of the upper half of the zone.
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Zone RYF-4 (725-700 cm)

Betula-Juniperus-Gramineae-Filipendula pollen assemblage zone

The lower boundary of this zone is defined by a marked upward trend in pollen

percentages of Betula which rise to a peak of 32%. Juniperus pollen values remain constant at 15-

17%, whilst a steady decline in Gramineae pollen occurs from 40%-30%. Filipendula pollen attain a

maximum of 7%. Pollen of Salix, Cyperaceae and Rumex rarely exceed 5%. A rise in Isoetes spores

to 55% TLP in the upper half of this zone is notable, particularly in view of its absence from the rest

of the diagram.

Zone RYF-5 (700-6 10 cm)

Cyperaceae-Gramineae pollen assemblage zone

The lower boundary of this zone is defined by a marked decrease in pollen of Betula,

Juniperus, Salix and Filipendula corresponding to an increase in Cyperaceae pollen which maintains

values > 30% throughout the zone and reaches a maximum of 45%. Gramineae pollen account for

25-35% of this spectra. Herb pollen characteristic of this zone (individually <5%) include

Compositae Liguliflorae, Compositae Tubuliflorae, Caryophyll accae, Chenopodi aceae, Epilobium,

Potentilla, Thalictrum, Artemisia and Rumex.

Zone RYF-6 (610-558 cm)

Cyperaceae-Gramineae-A rtemisia pollen assemblage zone

The pollen spectra of this zone are very similar to those in the underlying zone; the

notable difference being a greater representation towards the upper zone boundary of Artemisia pollen

(up to 17%) and to a lesser extent Caryophyllaceae (8%) and Thalictrum (7%).
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Zone RYF-7 (558-535 cm)

Juniperus-Betula pollen assemblage zone

This zone is charactensed by a pronounced peak in Juniperus pollen (25%). Minor peaks

in pollen of Rumex (7%), Ranunculaceae (8%) and Empetrwn (2%) occur in the lowermost part of the

zone. Pollen of Cyperaceae and Artemisia decrease abruptly from the underlying zone but (Jramineae

persist at about 20%. Betula pollen percentage values steadily increase throughout the zone and attain

60% at the upper boundary of the zone. Pollen of Salix and Filipendula attain values of up to 12%

and 10% respectively. Aquatic pollen of Myriophyllum alternflorum occur throughout the zone at

<10% whilst Filicales rise to 15%.

Zone RYF-8 (535-5 10 cm)

Betula-Salix pollen assemblage zone

Betula pollen is dominant with values between 60-70%. Salix, Gramineae and

Filipendula pollen constitute 15%, 10% and 8% respectively. Myriophyllum altern{florum and

Filicales are also present at up to 15%.

Zone RYF-9 (510-490 cm)

Betula-Corylus pollen assemblage zone

A similar pollen assemblage to the underlying zone is present, the major difference being

the relative decline of Salix pollen corresponding to an increase in Corylus pollen which rises to 25%.

Traces of Quercus and Ulmus pollen (1-2%) are also present.

4.7	 Regional vegetational history

The local pollen assemblage zones recognised at the sites of Llyn Gwernan, Llyn Cyri

and Rhyd-y-fen exhibit great similarity in their assemblage characteristics and overall assemblage
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successions (Figures 4.4, 4.6 and 4.8). Similarity between sites is also reflected in the

lithostratigraphical successions (Figure 4.9). By comparison with other Snowdonian pollen sites

(Seddon, 1962; Crabtree, 1972; Simpkins, 1974; Ince, 1981) the stratigraphies in this part of the study

am readily interpreted as spanning the time interval from the Lateglacial to the early Flandrian.

Because the local pollen assemblage zones at each site are defined largely on the arboreal

and tall shrub components, it is likely that they reflect regional rather than local (site specific)

vegetational changes. Furthermore, it is reasonable to assume that within a relatively restricted

geographical area, the major regional vegetational changes would have been more or less synchronous

and the pollen zone boundaries can be regarded as being more or less correlative in time.

The similarities between the pollen stratigraphics in the three profiles therefore suggest

that the local pollen assemblage zones can be integrated to produce a series of regional pollen

assemblage zones (prefixed S) for Snowdonia (Table 4.1). The Lateglacial regional pollen

stratigraphic record for Snowdonia is described and defined in more detail in Section 6.4 of this study

following the verification of the age of the Llyn Gweman profile by radiocarbon dating (CHAPTER

5). In terms of vegetational developments, three distinctive stages can be identified at each of the

sites and are illustrated in Table 4.2.
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Figure 4.9 Lithostratigraphical comparison and correlation of Latcglacial
and early Flandrian deposits from LIyn Gwcrnan, Llyn Cyri and Rhyd-y-fcn.
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TABLE 4.2

Regional P.A.Z.	 Vegetational Succession

S9 Corylus-Betula

S8 Betula-Salix

S7 Juniperus-Betuta

S6 Rumex-Grarnineae

S5 Artemisia-Cyperaceae-
Gramineae

S4 Betula-Juniperus

S3 Juniperus

S2 Rumex-Gramineae

Si Artemisia-Gramineae-
Cyperaceae

Succession to hazel woodland

Revertence to
herb communities

Succession
to

birch woodland

Flandrian

Loch Lomond
Stadiai

Lateglacial

Interstadial

Pre-
Interstadial

Vegetational succession inferred from Snowdonian regional pollen
assemblage zones in the Lateglacial and early Flandrian Periods
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4.7.1 Succession to birch woodland

The basal pollen assemblage zones in each of the three sites (Artemisia-Gramineae-

Cyperaceae regional P.A.Z. [Si]) are characterised by herbaceous open habitat taxa, predominantly of

Gramineae, Cyperaceae and Artemisia, with consistent occurrences of Caryophyllaeceae,

Chenopodiaceae, Compositae Liguliflorae, Compositae Tubuliflorae, Cruciferae, Rumex and

Helianthemum (Figures 4.4, 4.6 and 4.8). These taxa reflect the local vegetational developments

during an early stage of primary succession following the decay of the Late Devensian ice-sheet. The

gradual colonisation of bare ground and skeletal, soliflucted soils was initially undertaken by grass,

sedge and pioneer herb communities in an environment largely devoid of woody taxa, except perhaps

for occasional occurrences of dwarf willows. Helianthemum was a distinctive component of this

early pioneer phase at Llyn Gwernan and is likely to have preferred the more base rich substrates,

occupying short turf communities on well drained sites (Procter and Lambert, 1961).

Pollen and spores derived by long distance transportation (particularly Pinus and pre

Quatemary spores) are also a characteristic feature of this zone and tend to be "over-represented"

relative to the low concentrations of pollen from the local vegetation at that time. These secondary

derived components are discussed in detail in Section 6.3.

A major threshold in regional vegetational developments was reached at the transition

from the Si regional P.A.Z. to the S2 (Rumex-Gramineae) regional P.A.Z. Throughout the region,

increased soil stability is reflected by a decline in minerogenic sedimentation and a reduction in

Artemisia pollen frequencies is accompanied by increasing species variety in the grassland

communities.

At all three of the studied sites, species rich grassland communities in which Rumex was

prominent played an important role in the stabilisation and development of the regional soils. At this

time, diverse herbaceous communities are reflected by the presence of various pollen types including

Armeria, Galium type, Thalictrum, Plantago lanceolata, Ranunculaceae, Dryas, Epilobium, Geum

type, Helianthemum, Potentilla type, Umbelliferae and Valeriana (Figures 4.4, 4.6 and 4.8).
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Interspersed with the early grassland communities were areas of dwarf shrub heath as reflected by the

consistent occurrence of Salix, Empetrum and occasional grains of Hippophae. Dwarf birches may

also have been established in the region at this time, although the pollen grains of birch may

alternatively have been derived by long distance transport from tree birches.

Developments in the aquatic flora are also evident at this time. At all three sites beds of

Typha angustifolia became established. At Llyn Gwernan, Myriophyllum alterniflorum and

Potamogeton colonised the lake, but were much less common or absent from the other sites. The

proliferation of the aquatic flora probably reflects significant climatic amelioration and a rich supply

of nutrients in the lake waters during the early interstadial.

This initial phase of Lateglacial plant succession to grassland communities in which

Rumex was prominent is recognised at many other sites in Snowdonia (Seddon, 1962; Crabtree, 1972;

Simpkins, 1974 and Ince, 1981) and also throughout much of western Britain and Ireland (Pennington

et al., 1972; Watts, 1977). Modem day analogues for this vegetation phase have been drawn from

pioneer herb communities on recently deglaciated terrain from Jostedalsbrae in Southern Norway

(Pennington, 1977a). Here, pioneer communities rich in Oxyria digyna and Rumex acerosa were

shown to be early colonisers of immature soils at a time when the length of snow had been reduced

and solifuction processes had become less intense. Similar conditions are envisaged for the early

Lateglacial environment of Snowdonia where the relatively fertile, yet immature soils with an open

treeless landscape favoured the development of a mosaic of pioneer herbaceous communities.

A major vegetational change is recorded at Llyn Gweman, LIyn Cyri and Rhyd-y-fen by

marked percentage increases in the Juniperus pollen curve which defines the opening of the Juniperus

regional P.A.Z. (S3). This zone is also characteriscd by increasing diversity in the pollen spectra and

relative percentage increases in several herbaceous pollen types, most notably Thalictrum, Galium

type, Ranunculaceae and towards the top of the zone Filipendula. Rumex pollen values gradually

decline throughout the zone but Gramineae and Cyperaceae percentages remain stable (Figures 4.4,

4.6 and 4.8).
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The marked increase in Juniperus pollen indicates that the open habitat conditions

previously dominated by pioneer herbaceous communities gave way gradually to a landscape

dominated by juniper scrub. Woody stands of Salix and occasional dwarf shrubs of Empetrum and

Hippophae were also spreading at this time and were interspersed with tall herb communities in

which Thalictrum was prominent.

The proliferation of such relatively thermophilous indicators such as Juniperus and

Filipendula suggest that summer temperatures may have been at their optimum during this part of the

interstadial. The sudden increase in juniper pollen within Lateglacial profiles is interpreted by

Pennington (1977a) as reflecting increased flowering as a direct response to climatic improvment.

This interpretation implies that juniper was already present in the area during the early part of the

Lateglacial, but some climatic limiting factor (possibly low mean summer temperatures) prevented its

regular flowering. Although the Rumex-Gramincae P.A.Z. (S2) contained a vegetation that is now

found only in relatively severe climates, it is not possible on pollen evidence alone to make a climatic

interpretation of this zone. As stated by Craig (1974, p.217)

"It is more likely that the character of the land vegetation was limited by

features of primary succession, involving a slow increase in biomass and

productivity of the ecosystem, and slow soil maturation."

The possibility that plant migration lagged behind climatic improvement has been

suggested by several authors (Walker and Lowe, 1977; Lowe and Gray, 1980 and Watts, 1980).

Furthermore, the coleopteran evidence of Coope (1977) and the relative productivity of aquatic

vegetation (Craig, 1974) suggest that climatic conditions prior to the proliferation of juniper were not

severely limiting.

With the exception of Lateglacial coastal sites at Glanllynnau, (Simpkins, 1974)

Aberaeron (Taylor, 1973) and Clarach (Heyworth, Kidson and Wilks, 1985) the expansion of

Juniperus during the interstadial is a well defined event throughout Wales. The subdued behaviour of

juniper in these locations might reflect local Site factors or indicate that juniper did not migrate into
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the coastal lowlands to any great extent. Throughout the rest of western Britain the juniper expansion

is well documented, though its precise timing and intensity vary widely (Pennington et al., 1972;

Pennington, 1977a; Craig, 1974). At many western sites in Ireland and Scotland, Empetrum appears

to be prevalent over Juniperus during the early Lateglacial and might reflect regional variations in

oceanic influence and mean summer temperatures.

At Llyn Gwernan and Llyn Cyri an abrupt decline in Juniperus defines the upper

boundary of the Juniperus regional P.A.Z. (S3). At these sites the fall in Juniperus pollen

corresponds with a relative increase in the pollen percentage curves for Betula. The demise of

Juniperus at these Sites can readily be interpreted as a response to the superior competitive ability of

birch, resulting in the shading out of juniper scrub. However, at Rhyd-y-fcn the arrival of birch does

not appear to have had a significant effect on the occcurrence of juniper. Furthermore, at the

neighbouring Snowdonian site of Clogwyngarrcg, Juniperus pollen percentages decline abruptly

despite the fact that birch never became fully established in the catchment (Ince, 1981). This situation

is a common feature of many Irish sites where the juniper decline cannot be directly related to the

expansion of birch woodland (Watts, 1977). Clearly at such sites the decline in juniper must be

related to some environmental control. The timing and possible cause of the juniper decline is

explored in detail in Sections 5.4.3 and 6.4.3 respectively.

At each of the sites studied a marked increase in Betula pollen values is represented by

the Betula-Juniperus regional P.A.Z. (S4) and indicates a major phase of birch woodland expansion

within the region. This phase is well represented in the Llyn Gweman pollen diagram (Figure 4.4)

which exhibits relatively stable Betula pollen values between 30-40% T.L.P. At the neighbouring but

higher site of Llyn Cyri (Llyn Cyri is 360 m O.D., Llyn Gwernan is 165 m O.D.) a similar pattern is

recognised (Figure 4.6). However, at Llyn Cyri the Betula curve exhibits greater fluctuations in

percentage occurrences and might reflect more stressed conditions at this higher site. At Rhyd-y-fen,

Betula pollen values attain 25-35% T.L.P., but this section is difficult to interpret since it is developed

within a relatively condensed sequence or alternatively is not fully represented owing to possible

erosion (Figure 4.8). With the exception of Filipendula (which probably thrived within the birch

carr) the diversity and abundance of herbaceous taxa are greatly reduced. A notable feature of the
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Llyn Gwernan and Llyn Cyri pollen diagrams is an increase in Juniperus pollen percentages towards

the top of the Betula-Juniperus regional P.A.Z. (S4) which might represent the reworking of marginal

lake deposits. This phenomenon is examined in detail in Section 6.4.3.

This study indicates that birch woodland was able to expand into several localities of

southern Snowdonia during the Lateglacial Interstadial and augments similar conclusions derived

from Lateglacial pollen diagrams in northern Snowdonia (Seddon, 1962; Crabtree, 1972 and Ince,

1981), Central Wales (Moore, 1970) and South Wales (Trotman, 1963; Walker, 1982). However,

local site factors may occasionally have prevented birch from forming woodland, as at

Clogwyngarreg in northern Snowdonia (Ince, 1981) and at Glanllynnau on the Lleyn peninsula

(Simpkins, 1974). Throughout western Britain the picture of birch expansion is more varied. Betula

was unable to form widespread closed woodland in Ireland and Watts (1977) attributed this to

unsuitable climate (severe winds, low average annual temperatures and a short growing season).

Watts also speculated that heavy browsing from large herbivores such as Megaloceros, the giant deer,

may have been a limiting factor to birch expansion. At this time birch woodland appears to have been

well established in the English Lake District (Pennington, 1970), but in the more exposed locations of

north-west Scotland appears to have played a secondary role to Empetrwn heath (Pennington, 1977b;

Pennington et a!., 1972, Walker and Lowe, 1990).

4.7.2 Revertence to herb communities

A major revertence to open habitat herb dominated communities is clearly marked in the

pollen spectra at each of the three sites studied. This revertence phase is recognised regionally in the

Ar:emisia-Cyperaceae-Gramineae P.A.Z. (S5) which occurs within the clay-rich lithologies associated

with the Loch Lomond (Younger Dryas) Stadial. The base of this pollen assemblage zone is defined

by a marked decline in the pollen of shrub and tree taxa followed by their replacement by open-

habitat herb pollen taxa. Artemisia, Cyperaceae and Gramineae pollen are the dominant elements of

the assemblage but other characteristic and consistently occurring pollen grains include

Caryophyllaceae, Chenopodiaceae, Compositae, Cruciferae, Epilobium, Helianthemum, Plantago

lanceolata, Ranunculaceae, Rwnex, Saxifragaceae, Thalictrum, Umbeliferae, Urtica and Valeriana.

144.



The pollen evidence suggests that the birch woodland and grass-sedge dominated

communities that had characterised the southern Snowdonia landscape during the latter part of the

Interstadial were replaced by a tundra vegetation dominated by grasses, sedges and taxa associated

with bare ground and frost heaved soils. Within this framework however some differences in detail

exist between the Stadial pollen records from each of the three sites.

At Llyn Gweman the Artemisia-Cyperaceae-Gramineae P.A.Z. (S5) can be subdivided

into two local pollen assemblage zones with a lower Cyperaceae-Rumex-Artemisia P.A.Z. (GW7)

being overlain by a Cyperaceae-Ar:emisia P.A.Z. (GW8). The prominence of Rumex in the lower

zone and its subsequent demise at the expense of Artemisia may reflect on initial phase of grassland

and tall herb communities which were later replaced by associations characteristic of soliflucted

ground. Support for this interpretation is provided by a comparison between litho- and pollen-

stratigraphy which shows that the initial phase of Rumex domination started shortly before the

deposition of the Loch Lomond (Younger Dryas) Stadial clay. It was not until the phase of clay

deposition (itself a reflection of severe soil disturbance and inwashing) that maximum values for

Artemisia and Caryophyllaceae were attained.

At the neighbouring site of LIyn Cyri an early phase of Rumex domination is not

discemable but it otherwise closely resembles the Llyn Gweman profile with Artemisia, Cyperaceae

and Gramineae forming the dominant components of the pollen spectra throughout the Stadial.

Relative to the other studied sites, the higher percentages of Betula pollen at Llyn Cyri may possibly

reflect some local stands of dwarf birch in more sheltered locations.

A two-fold palynological subdivision of the Loch Lomond (Younger Dryas) Stadial is

also a feature of the Rhyd-y-fen profile, a lower Cyperaceae-Gramineae P.A.Z. (RYF5) is overlain by

a Cyperaceae-Gramineae-Artemisia P.A.Z. (RYF6). The trend here is towards increased Artemisia

and Caryophyllaceae percentages during the latter part of the Stadial, again perhaps reflecting the

increased importance of solifluction processes. An alternative and more speculative explanation

could follow the interpretation of Birks and Mathews (1978), that high Artemisia pollen percentages
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are a reflection of a more arid climate. However, although a number of Artemisia species are

considered to be characteristic of xeric habitats, Moore (1980) argues that identification to genus level

alone is insufficient evidence for arid conditions. A more detailed discussion of variations and

interpretation of Artemisia pollen percentage values in Loch Lomond (Younger Dryas) Stadial

deposits is presented in Section 6.5.1.

4.73 Succession to hazel woodland

Following the tundra-like environment of the Loch Lomond (Younger Dryas) Stadial,

climatic amelioration at the beginning of the early Flandrian had a major impact on vegetational

developments. The early Flandrian pollen record from each of the three sites exhibit a remarkable

degree of similarity in their assemblage characteristics and overall succession. Regionally these are

represented by the Rumex-Gramineae P.A.Z. (S6), Juniperus-Betula P.A.Z. (S7), Betula-Salix P.A.Z.

(S8) and Corylus-Betula P.A.Z. (S9).

The Rumex-Gramineae P.A.Z. (S6) is well represented at each of the sites studied,* where

it coincides with the onset of predominantly organic sedimentation. This lithological change partly

reflects the cessation of solifluction processes and a trend towards increased soil stability. It is likely

that species-rich grassland in which Rumex was prominent would have played an important role in the

stablisation and development of soils at this time. The S6 regional pollen assemblage zone contains a

particularly diverse herb flora (Figures 4.4, 4.6 and 4.8) and although it includes many of the open-

habitat taxa from the underlying zone, the assemblage shows marked reductions in the species

characteristic of disturbed soils (Artemisia, Caryophyllaceae). Thermophilous indicators such as

Filipendula begin to appear in this zone and are likely to have formed tall herb associations favouring

the more damp meadow sites which surrounded the lake basins. At Llyn Gweman the continued

presence of Helianthemum suggests that some relatively base rich substrates still existed within the

site catchment. Even at this early stage in the plant succession, pollen of Empetrum and Salix,

* although increases in Rumex are discernable at Rhyd-y-fen. resolution of this zone is difficult owing to the particularly

condensed nature of the section between 560-556 cm (Figure 4.8).
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together with a rising curve for Juniperus suggests that dwarf shrub heath was already beginning to

make inroads into the early grassland communities. The local aquatic vegetation is poorly

represented at all of the sites studied, although small amounts of Typha and some Myriophyllum

alternflorum started to colonise the lake waters at Rhyd-y-fen and Llyn Gweman.

The arrival and proliferation of juniper in southern Snowdonia is an exceptionally well

defined event in each of the three pollen profiles examined. Juniperus pollen rapidly attains peaks of

20%, 40% and 47% at Rhyd-y-fen, Uyn Cyri and Llyn Gweman respectively and its abundance is the

dominant feature of the Juniperus-Berula regional P.A.Z. (S7). It is uncertain whether these high

percentage values for juniper pollen reflect the migration of large numbers of shrubs into the area or

alternatively record the increased flowering of foimerly stunted junipers which were unable to grow

above the seasonal snowcover and produce much pollen (Iversen, 1954). Either way, the expansion

of juniper during the early Flandrian provides a clear indication of climatic amelioration.

With the exception of the coastal site at Glanllynnau (Simpkins, 1974) early Flandrian

juniper peaks are well represented in Snowdonia pollen profiles (Seddon, 1962; Crabtree, 1972; Ince,

1981). However, elsewhere in Wales the manifestation of this juniper expansion is more varied.

Although early Flandrian juniper pollen appears to be rare or absent at several coastal sites such as

Clarach and Aberaeron on Cardigan Bay (Taylor, 1973) and Esgyrn Bottom near Fishguard (Slater

and Seymour, 1977) it is nevertheless common at other low altitude sites such as the Cledlyn pingos

(Handa and Moore, 1976). Moore (1977) pointed out that a simple altitudinal explanation for

variations in early Flandrian juniper expansion cannot be widely applied. Similar observations by

Walker (1982) led him to propose that the local distribution of juniper at this time may have been

determined as much by specific site factors as by regional climatic amelioration. Whatever factors

governed the pattern of juniper distribution, it is clear that the establishment of juniper was relatively

short-lived. A consistent pattern is again revealed in all three pollen profiles which show Juniperus

pollen percentages rapidly decreasing from their peak values, as the corresponding curves for Betula

rapidly increase (Figures 4.4, 4.6 and 4.8).
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The early Flandrian rise in Betula pollen percentages defines the lower boundary of the

Betula-Salix regional P.A.Z. (S8). The high pollen percentage values for Betula (typical maxima of

60-70% T.L.P.) suggest that birch was able to rapidly establish some woodland tracts. The light

demanding juniper shrubs were unable to effectively compete with birch at this time, being ultimately

shaded out from their previous niches. Although juniper shrubs appeared to have been decimated by

this invasion, the pollen profiles for Salix suggest that willow was able to successfully compete and it

was not until the arrival of hazel that willow showed any evidence of decline.

The arrival of hazel in the area is clearly expressed in all three pollen profiles which show

a rapid rise from zero values to peaks of about 30% T.L.P. The Corylus-Betula regional P.A.Z. (S9)

is dominated by these two taxa which favouring the mild maritime climate at this time, were able to

spread onto the thin upland soils (Moore, 1970).

4.8	 Stratigraphical interpretation

The pollen- and litho-stratigraphical evidence presented in this Chapter for Llyn

Gweman, Llyn Cyri and Rhyd-y-fen unequivocally demonstrates that a full succession of Lateglacial

and early Flandrian lake sediments are present at each site. These stratigraphies indicate that none of

the sites have been covered by Loch Lomond (Younger Dryas) Stadial glaciers and have remained ice

free since at least the retreat of the Late Devensian ice sheet. These sites therefore provide positive

evidence for constraining the limits of former Loch Lomond (Younger Dryas) Stadial glaciers in the

area and are particularly useful when they are located in close proximity to inferred ice limits based

on geomorphological evidence (e.g. Llyn Cyri).

Llyn Cyri lies in the western-most cwm of Cader Idris and unlike some of the

neighbouring cwms, it lacks geomorphological evidence of having been occupied by a glacier of

inferred Loch Lomond (Younger Dryas) Stadial age. However, because glaciers do not always leave

clear evidence of their former extent and geomorphological evidence can be subsequently concealed

or destroyed, the discovery of a Lateglacial profile in this cwm is highly significant. Although a
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small protalus rampart lies on the backwall of this cwm and indicates that a former snowpatch

flourished above the cwm floor, the pollen- and litho-stratigraphical evidence demonstrates that

environmental conditions did not allow the build up of a cwm glacier during the Stadial.

The stratigraphical significance of Lateglacial profiles can only be fully assessed in the

context of the geomorphological evidence for Stadial glaciers and the stratigraphies which are

contained within these limits. Evidence from all of these three sources are combined and presented in

Section 7.3 of this study.
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CHAPTER 5

RADIOCARBON CHRONOLOGY

5.1 Introduction

Current understanding of the Lateglacial and early Flandrian timescale has been derived

almost entirely from the radiocarbon dating technique* . Although the interpretation of many

Lateglacial and early Flandrian radiocarbon dates is fraught with difficulty (Sutherland, 1980; Lowe

and Gray, 1980; Lowe, 1991; Pilcher, 1991), the technique is likely to remain a major means of

providing a Lateglacial and early Flandrian chronostratigraphical framework; at least in the near

future. Recent technological advances in radiocarbon dating of sediments by accelerator mass

spectrometry (Fowler et al., 1986a, 1986b) hold considerable potential for future application in

Lateglacial stratigraphical studies, but many uncertainties presently surround the interpretation of

dates thus derived (Lowe eta!., 1988; Amman and Lotter, 1989; Hedges, 1991). Within this chapter

the results of liquid scintillation radiocarbon dates from the Llyn Gweman pollen site (Section 4.4)

are presented and discussed. A comparison of these data with accelerator mass spectrometry

measures of radiocarbon activity are presented in Lowe eta!., (1988) and are not repeated here.

The detailed pollen stratigraphical record and the clarity of lithostratigraphical changes

coupled with the exceptionally thick organic deposits with high total carbon content render Llyn

Gwernan an ideal site for obtaining radiocarbon dates for the Lateglacial and early Flandrian. The

combination of these factors at Llyn Gweman provide an exceptionally high degree of stratigraphical

resolution; of utmost importance for gaining the full potential from the radiocarbon dating technique

(Lowe, 1991).

* the current lack of independent calibration for the Lateglacial 14C timescale means that radiocarbon content, rather than

true age is measured. However, recent advances in extending the calibration of the timescale by dendrochronology

(Becker a al., 1991) and U-series dating (Bard et a!.. 1990) ho'd considerable potential for furthering our future

understanding of the Lateglacial in true "calendar" years
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A synthesis of previous radiocarbon dates from Welsh Lateglacial and early Flandrian

profiles is provided in Section 5.2 and followed in Section 5.3 by a description of field sampling

techniques employed for radiocarbon analyses. The results of eight radiocarbon assays from the Llyn

Gweman Lateglacial and early Flandrian profile are discussed in Section 5.4 and the implications for

future radiocarbon dating studies are discussed in Section 5.5. A brief summary of these data has

previously been published in Lowe (1981).

5.2 Previous studies

Figure 5.1 summarises radiocarbon dates from Welsh Lateglacial and early Flandrian

stratigraphies. This figure shows each radiocarbon date plotted with a symbol to depict the nature of

the dated event and is numbered for reference to the author. A one standard deviation error bar is also

plotted with each radiocarbon date and with the exception of dates based on moss remains (no. 9),

seeds (no. 33) and moss remains with seeds (no. 37), all of the dates are based on lake muds (Figure

5.1). The Llyn Owernan data of this study are also plotted in Figure 5.1 for comparison and are

discussed in detail in Section 5.4.

The majority of Welsh Lateglacial and early Flandrian radiocarbon dates, have been

obtained for major lithostratigraphical boundaries. By far the most intensively dated horizon is that

marked by the beginning of organic sedimentation at the Lateglacial/early Flandrian transition, with

seventeen radiocarbon dates having been obtained from a variety of geomorphological settings i.e.,

basal organic sediments of deglaciated basins (nos. 7,8,9,10,13,14,15,22); basal organic sediments of

pingo depressions (nos. 6,16,17,18) and Lateglacial/early Flandrian contacts from Lateglacial lake

basins (nos. 11,12,19,20,21). Despite differences in geomorphological settings, sampling techniques

and ranges of standard errors, the means of many of these dates show considerable uniformity in

clustering around 10,000-10,200 BP (Figure 5.1). These dates for the Lateglacial/early Flandrian

transition in Wales thus provide a minimum age for the deglaciation of upland cwms and the

cessation of widespread periglacial activity and solifluction processes.
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Llyn Gweman data
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In contrast to the numerous radiocarbon dates available for the Lateglacial/early Flandrian

transition, only five dates (nos. 23,24,25,26,27) are available for the Interstadial/Loch Lomond

(Younger Dryas) Stadial transition (Figure 5.1). Each of these dates was obtained on organic

sediments which directly underlie minerogenic Loch Lomond (Younger Dryas) Stadial deposits and

should therefore be a reliable age estimate for the onset of widespread solifluction and minerogenic

inwash into Lateglacial lake basins. However, the precise timing of this event is difficult to resolve

with the available data, because the standard errors on these dates range between 10,500 and 11,400

BP. The means of three of these dates (nos. 24,25,26) lie at or close to 11,000 BP (Figure 5.1).

Radiocarbon dating of basal organic sediments which relate to the Lateglacial

Interstadial/Late Devensian transition is even more problematic. The six dates obtained on such

sediments (nos. 31,32,33,34,35,36) show considerable variations in age, ranging between 11,500 and

14,000 BP (Figure 5.1). The older dates (nos. 35,36) are suspected to have possibly been affected by

hard water error (Ince, 1981) whereas the youngest date is considered by Walker (1980) to be

anomalous.

A solitary date (no. 37) was obtained from moss fragments and seeds which directly

overlay a till surface at the site of Glanllynnau (Coope and Brophy 1972), but in the absence of

similarly dated horizons, its reliability is difficult to assess.

Relatively few Lateglacial and early Flandrian radiocarbon dates exist in Wales for

precisely defined pollen stratigraphical horizons and those that are available show a considerable

spread in ages. Thus the marked and often abrupt rise in Corylus pollen percentages has been

radiocarbon dated at five Welsh sites with very different results (nos. 1,2,3,4,5). Radiocarbon dates

for the Corylus expansion range between Ca. 8,000-10,000 BP with little or no overlap in the one

standard deviation error bars associated with each date (Figure 5.1).

Within the Lategi aci al Interstadial few comparable pollen strati graphically related

radiocarbon dates are available for Wales (nos. 28,29,30). These dates are based on sediments which

contain a pollen percentage rise in Betula, coincident with a fall in Juniperus pollen percentages.
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Unfortunately, the large standard deviations associated with these radiocarbon dates (Figure 5.1)

preclude their meaningful interpretation (the pollen stratigraphical event probably lies within the

range of 11,000-12,400 BP).

More detailed discussions of the significance of individual Welsh Lateglacial and early

Flandrian radiocarbon dates are provided in Section 5.4.

5.3 Sampling techniques

Sediments for radiocarbon dating were obtained from Llyn Gwernan using a modified

Livingstone sampler of 5.0 cm internal diameter and a chamber that enabled the recovery of 1.0 m

length cores of undisturbed sediment. The precise sample location is illustrated in Figure 4.3.

Sediment cores were extruded on to semicircular plastic gutter-pipe and then sealed air-tight with

adhesive film. The cores were obtained over a three day period in the field and stored in a cold room

at 4 • C immediately on return to the laboratory. All of the samples for radiocarbon dating were

abstracted for processing within one month of the cores having been obtained, in order to minimise

deterioration in storage.

Seven radiocarbon dates were based on bulked sediment samples from significant pollen

stratigraphical and lithostratigraphical horizons, whilst an additional radiocarbon date was based on a

sample of Betula wood. The sample depths, sample thicknesses and their precise relation to pollen

stratigraphical and lithostratigraphical horizons are illustrated in Figure 5.2 and Table 5.1.

Radiocarbon analyses were undertaken on relatively thin sediment slices (3-5 cm) bulked from

between 3 and 5 adjacent cores (Figure 5.2). By using this "multiple shot" method of sampling,

radiocarbon dates with relatively low standard deviations (between ±70 and ± 130 radiocarbon years

BP) were obtained from horizons which probably represented a short timespan of deposition (at LIyn

Gweman 1 cm of sediment represented <10 years of deposilion during the Interstadial - Section 5.5).
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All of the samples were obtained from closely spaced boreholes (within 1 m of each

other), with sample depths being accurately measured by a Watts Quickset level. The clarity of the

lithostratigraphical boundaries to be dated in each core enabled the correlation and subsequent

bulking of sediments with a high degree of confidence. However, as an additional check, "skeleton"

pollen Counts of 150 grains per sample were undertaken in order to test the lithostratigraphical

correlation. In each case the pollen counts validated the contemporoneous nature of the

lithostratigraphical correlation. All of the pollen stratigraphical horizons to be radiocarbon dated were

identified on the basis of pollen counts of 300 grains per sample and compared with the master pollen

profile. The percentage fluctuations in key pollen taxa enabled the accurate identification of

significant pollen stratigraphical horizons in each core and enabled their subsequent bulking for

radiocarbon assay (Table 5.1).

Radiocarbon dating of the samples was undertaken at the NERC Radiocarbon Laboratory

of the Scottish Universities Research and Reactor Centre, East Kilbride, under the guidance of Dr

D.D. Harkness. Percentage organic carbon and & 13C values (Figure 5.2) are based upon analyses of

sub-samples of the dated material. Pretreatment of the dated material involved digestion in 2 molar

HCI at 80 • C for a minimum of 24 hours to remove any carbonate inclusions plus the more labile

organic material which might include younger contaminants. All dates were calculated on the

conventional Libby half life of 5568 years, and are given here as radiocarbon years before present

(BP).

5.4 Radiocarbon dating results and discussion

A comparison of the Llyn Gweman radiocarbon ( 14C) data with previously published

and unpublished dates from Wales is presented in Figure 5.1. The Llyn Gwernan 14C data are

illustrated in relation to lithostratigraphy and key pollen taxa in Figure 5.2. The pollen stratigraphical

significance of each 14C date is presented in Table 5.1. The significance of the individual dates will

be discussed in stratigraphical order starting from the base upwards.
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TABLE 5.1

Lab. ref. no.	 Sample depth	 Pollen-stratigraphical Significance 	 yr. BP

SRR-1698	 957-960 cm	 Expansion in Corylus pollen.	 9,070 ± 70

SRR-1699	 988-993 cm	 Peak inluniperus pollen curve.	 10,250 ± 80

SRR-1700	 1000-1003 cm	 Lateglacial/early Flandrian transition dominated 	 10,040 ± 80

by Gramineae Rumex and Cyperaceae pollen.

SRR-1702	 1005-1011cm	 Betula wood.	 10,020 ± 130

SRR-1701	 1032-1035 cm	 Opening of the Loch Lomond Stadial, rapid 	 11,160 ± 90

decline in tree and shrub pollen and expansion of

open-habitat herb communities.

SRR-1703	 1185-1190 cm	 Low percentage for Juniperus pollen following	 12,120 ± 130

Betula expansion.

SRR-1704	 1235-1240 cm	 Expansion of Juniperus in zone dominated by	 12,970 ± 130

Rumex, Gramineae and Cyperaceae.

SRR-1705	 1265-1270cm	 Base of organic sedimentary deposit. Rapid 	 13,200 ± 120

expansion of Rumex pollen.

Pollen stratigraphical significance of Llyn Gwernan radiocarbon dates
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5.4.1 Initiation of organic sedimentation

The date of 13,200 ± 120 BP (SRR-1705) marks the onset of organic sedimentation and

provides a minimum age for Late Devensian deglaciation of the Llyn Gwernan site. This level in the

profile is characterised by a marked upward percentage trend in pollen of Rumex with high percentage

values for Gramineae and Cyperaceae (GW2/GW3 local P.A.Z. boundary). Betula values are low and

Juniperus is absent (Figure 4.4).

This date agrees well with an age determination of 13,200 ± 75 BP obtained for a similar

stratigraphic horizon at Lianilid in South Wales (Walker and Harkness, 1990; Harkness and Walker,

1991). However, relatively few comparable dated horizons have been published for Wales. A date of

11,660 ± 140 BP from Traeth Mawr, South Wales is thought to be anomalous (Walker, 1980, 1982a).

Likewise, a date of 5,960 ± 270 BP from the basal Lateglacial sequence at Nant Ffrancon was

considered to be a "gross underestimate of the age, possibly resulting from contamination..."

(Burrows, 1974, p.168). At Glanllynnau, North Wales, a date of 12,556 ± 200 BP was obtained from

seeds in basal organic sediments (Coope and Brophy, 1972). The limnic deposits from which these

seeds were extracted were dated to 12,050 ± 250 BP, but were thought to have been subject to

possible contamination by modern and fossil roots (Simpkins, 1974). A further date from

Glanllynnau of 14,468 ± 300 BP was obtained for a moss-rich layer from the bottom of the basal

minerogenic limnic sediments and with the date of 12,556 ± 200 BP brackets the timing of thermal

improvement suggested by Coleoptera (Coope and Brophy, 1972). Dates of 13,670 ± 280 BP and

13,735 ± 330 BP have also been obtained by Ince (1981) for basal organic deposits at Clogwyngarreg

and Llyn (Joddionduon respectively. The above dates are plotted graphically in Figure 5.1.

The few 14C age determinations of Lateglacial basal organic deposits from Wales are

difficult to interpret. Are the age differences real or have they been affected by possible sources of

contamination? The large standard deviations associated with these dates greatly hinder their use and

the age differences of up to 1500 years** between sites with similar pollen spectra suggest that at

** excepting dates which are obviously in error such as Nant Ffrancon and Traeth Mawr.
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least some dates may be erroneous. This is not to suggest that diachroneity in the initiation of organic

sedimentation was negligible, since thresholds for organic recruitment into different basins may have

been variable and dependent on specific site factors. Rather, it is the "scale" of variation between

these dates which is suggestive of possible error sources.

Potential sources of error are well documented i.e. hard-water error, younging errors,

isotopic fractionation (Shotton, 1972; Olsson, 1974; Bowen, 1978; Worsley, 1980) and the low

carbon content of basal sediments renders them particularly prone to contamination (Olsson, 1979).

Specific problems relating to 14C dating of basal sediments from newly deglaciated terrain have been

reviewed by Sutherland (1980) who emphasised the unique chemical and biological character of the

environments in which such sediments were deposited. The magnitude of possible errors however are

often impossible to quantify reliably, particularly when limnic deposits are the only available dating

medium. Thus critical assessment of possible error sources and knowledge of precise stratigraphic

context are essential to the evaluation of	 dates on limnic sediments.

Several points relating to the Llyn Gweman basal date of 13,200 ± 120 BP are pertinent

to the discussion. The dried sediment samples underwent a standard pretreatment of digestion in 2M

HCI (80°C for 24 hours) without yielding CO2''9' and the sediment was therefore regarded as

"carbonate free" (D.D. Harkness pers. comm.). Hard-water error was thus not considered to be a

serious problem. Furthermore, the percentage carbon in the basal samples (7%) was relatively high in

comparison with similar horizons from other sites e.g. 0.5% at Nant Ffrancon (Burrows, 1974) whilst

values >5% are rarely exceeded throughout the Interstadial deposits in Northern Scotland

(Pennington, 1977a). Low concentrations of ancient carbon are therefore less likely to have

contributed a significant ageing effect than may normally be the case for deposits of this age. The

percentage carbon of the sediment is also one of the major factors influencing the analytical precision

of the 14C age determination. Hence the basal date from Llyn Gweman is somewhat more specific

than similar Welsh dates and we may compare the age of 13,200 ± 120 BP with a less specific date of

H2S however was evolved at this stage, possible indicating original deposition under anoxic conditions.
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13,735 ± 330BP from Clogwyngarreg (Ince, 1981). Whilst this in itself is not a measure of the

accuracy of a date, its precision is nonetheless important for providing the finer chronological details

of environmental change.

Therefore the interpretation of a 	 date may be limited if it represents several hundred

years of deposition and the Io confidence interval associated with the date potentially affords a

false sense of precision. The depositional time-span of a given sediment slice is therefore an

important variable but is difficult to assess reliably. A rough approximation of this can be derived if

we assume that the organic Interstadial deposits were laid down over a period of 2000 years at a

relatively constant sedimentation rate. Given this assumption, 5 cm of basal sediment from Llyn

Gwernan would therefore represent 40 years of sedimentation (Section 5.5). Although it is unlikely

that sedimentation rates were constant throughout the Interstadial and compaction of sediments may

have led to enors in this estimate, it should be noted that in comparison with many other sites this age

range is low. Basal sediment slices of <1 cm would need to be radiocarbon dated in order to obtain

this precision from many other Lateglacial sites. The mean of the Llyn Gweman basal date therefore

represents an age which should be negligibly younger than the initiation of organic sedimentation.

The onset of organic sedimentation at Ca. 13,200 BP is in agreement with much current

evidence which suggests a marked thermal improvement in N.W. Europe at 14,000-13,000 BP

(Ruddiman and McIntyre, 1973, 1981; Coope, 1977; Duplessy eta!., 1981). Deposition of organic

sediments at this time presumably represents one of several environmental responses to climatic

amelioration and development of the lacustrine ecosystem following (or possibly during) the decay of

the Late Devensian ice-sheet in Britain. Although the date provides a minimum age for deglaciation

of the site it does not necessarily represent an accurate age of actual disappearance of ice from the

site. Indeed, if the date of 14,468 ± 300 BP from Glanllynnau is correct (Coope and Brophy, 1972),

some sites may have been ice-free for ca. 1,000 years before organic sediments began to accumulate.

Lateglacial sites considered to be outside the limits of the Late Devensian ice mass (e.g. Bodmin

Moor) similarly started to accumulate organic sediments at ca. 13,000 BP (Brown, 1977) and clearly

cannot be used as evidence for ice decay at this time. More dates on organic material (mosses, seeds
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etc.) from below the basal organic sediments are required before the chronology of Late Devensian

deglaciation can be resolved.

It should be noted that the basal organic deposits at Llyn Gweman are underlain by 12 cm

of laminated silts and clays which contain a Gramineae-Artemisia-Cyperaceae pollen assemblage

zone with significant percentage values for Helianthemwn and Caryophyllaceae pollen. This in turn

is underlain by structureless grey clay with very low pollen concentrations of long-distance

transported pollen and reworked pre-Quaternary spores. The Gramineae-Artemisia-Cyperaceae

pollen assemblage zone probably represents a very early pioneer phase of vegetational succession

prior to 13,200 ± 120 BP, although its duration cannot be estimated. Stratigraphic relationships and

ecological implications of this interval (Pre-Lateglacial Interstadial) are discussed in Section 6.3.

5.4.2 Juniperus expansion

The first continuous pollen curve for Juniperus (GW3/GW4 local P.A.Z. boundary) is

dated to 12,970 ± 130 BP (SRR-1704). Although variable in occurrence and intensity, this expansion

in Juniperus pollen percentages has been widely recognised throughout western Britain; its response

having been variously attributed to "climatic" controls (Pennington, 1975) and "ecological" controls

(Craig, 1978). Thus, Pennington (1975) favoured the interpretation originally suggested by Iversen

(1954), that the expansion in the Juniperus pollen curve reflected an immediate response to improved

climate by juniper already present in the area. Alternatively Craig (1978) interpreted this

phenomenon as reflecting vegetational development throughout "primary succession" in a climate that

was relatively stable and therefore did not necessarily represent a response to initial climatic

amelioration.

The few dates which exist for this phase indicate a Juniper expansion in western Britain

between 13,000-12,000 BP (Pennington, 1977) but comparisons with many sites are hindered due to

lack of precise definition of the expansion and the differing thicknesses of samples dated.

Unfortunately there are no comparable 14C dates from Wales. At sites such as Elan Valley (Moore,

1970), Cors Geuallt and Liewesig (Crabtree, 1972) inorganic sediments were still being deposited at
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the time of the initial rise in Juniperus pollen and therefore cannot be dated. At Llyn Gwernan

however, expansion in the Juniperus pollen curve was precisely defined some 30 cm higher in the

profile from the base of the organic sediments.

The radiocarbon date SRR-1704 suggests a similar temporal scale of response in juniper

expansion to that which occurred at other North Wales sites at the opening of the Flandrian period

(Ince, 1981). Pollen assemblages and hence vegetational succession at the onset of the Lateglacial

and the beginning of the Flandrian were often so remarkably similar that it seems likely that

environmental and climatic conditions of these two periods were likewise similar in character

(Section 6.6.1).

5.4.3 Juniperus decline

The abrupt decline in the Juniperus curve following the expansion of Betula (tree birch)

is an exceptionally well-defined pollen-stratigraphical horizon (Figure 4.4) and yielded a date of

12,120 ± 130 BP (SRR 1703). This decline has been interpreted previously as signifying the

suppression of juniper scrub due to shading out by the superior competitive ability of birch

(Pennington, 1975). However, the Juniperus decline is also a feature of many Irish sites, despite the

relative absence of Betula and has been dated at 12,020 ± 180 BP (Craig, 1978). Furthermore, a

growing body of evidence indicates that the increase in Betula pollen percentages was accompanied

by the occurrence of Coleoptera indicative of cooler summers (Atkinson et a!., 1987). Causal

connection between climatic cooling and the spread of birch woodland has been invoked (Coope and

Joachim, 1980) and is suggested to have been synchronous from southern to northern England, being

dated at several sites to about 12,200 BP (Coope, 1977). Although the beetle evidence has been

interpreted as indicating a fall in mean summer temperatures at this time, its relationship to the spread

of birch woodland is far more tenuous. Pollen diagrams from western Britain suggest considerable

temporal and spatial variation in the development of birch woodland during the Lateglacial

Interstadial, with tree birch being absent from large areas of Ireland and north-west Scotland (Watts,

1977; Pennington, 1977a). The possible factors which limited the development of birch woodland

have been a matter of considerable debate and are far from being resolved.
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Unlike the expansion of Betula pollen percentages, the abrupt decline in the Juniperus

pollen curve appears to have been a well marked event at most Lateglacial pollen sites from western

Britain, and at some sites in Ireland was accompanied by renewed deposition of inorganic sediments

(Watts, 1977, p.285). A typical Lateglacial profile in this respect is Coolteen, south-east Ireland

(Craig, 1978) which is compared with the Llyn Gweman profile in Figure 5.3. Both sites have

dates for the decline in Juniperus pollen percentages but differ in respect to the relative importance of

Betula pollen percentage values. Comparison of the two diagrams clearly illustrates that the inferred

decline in Juniperus need not have been related to increased shading Out by Betula and such a

widespread decline (followed by the dominance of a grassland phase of vegetation in Ireland) would

seem more likely to have been climatically controlled. Thus in spite of the coincidence at Llyn

Gweman between the rise in Betula pollen percentages and the deline in Juniperus pollen percentages

it is probable that the inferred development of birch woodland played a secondary role to climate in

bringing about the decline in juniper scrub. This event therefore was presumably a response to a

sudden decline in summer temperatures as suggested by fossil Coleoptera at about 12,200 BP i.e. a

3°C fall in mean July temperature from that of the thermal maximum (Coope, 1977; Atkinson et al.,

1987).

The dat of 12,120 ± 130 BP for the juniper decline at Llyn Gwernan is very similar to an

age determination of 12,255 ± 70 BP obtained for this event at Llanilid in South Wales (Walker and

Harkness, 1990; Harkness and Walker, 1991). Other comparative 14C data for this phase in Wales

are lacking. A date of 11,300 ± 300 BP was obtained for this event at Glanllynnau but was

considered to be erroneous, possibly resulting from contamination by fossil and modern roots

(Simpkins, 1974). However, a date of 11,900 ± 500 BP for the decline in Juniperus at Nant Ffrancon

was used as support for the Boiling oscillation (Burrows, 1975). Notwithstanding the problems

associated with palynological interpretations in terms of Bolling/Older Dryas chronostratigraphy

(Moore, 1975), this date cannot be considered as supportive evidence for such a scheme by virtue of

its very large standard deviation. Lowe and Gray (1980 p.166-167) demonstrated that the Older

Dryas chronozone (Mangerud eta!., 1974) cannot be justified in terms of ' 4C dating. A duration of

200 years for the Older Dryas chronozone as defined by Mangerud et al., (1974) could be expected to

represent about 25 cm of sedimentation at Llyn Gwernan and yet no obvious palynological or
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lithological changes (which might be interpreted as representing a minor climatic oscillation) are

apparent. Pennington (1975) has noted that the evidence for climatic recession during the Older

Dryas chronozone may be "barely perceptible" in percentage diagrams and whilst further studies

using pollen concentration methods on the Llyn Gweman profile are desirable, the available evidence

from this site does not suggest a short-lived climatic deterioration. The palynological changes dated

at 12,120 ± 130 BP however, may have some significance in marking the beginning of climatic

deterioration which eventually culminated in the truly severe cold period of the Loch Lomond

(Younger Dryas) Stadial some 1000 years later.

5.4.4 Onset of the Loch Lomond (Younger Dryas) Stadial

The onset of the Loch Lomond (Younger Dryas) Stadial as defined by an abrupt

lithological change from organic lake muds to clay-rich minerogenic sediment was dated to 11,160 ±

90 BP (SRR-1701), and corresponds closely with palynological changes from tree, shrub and

thermophilous herb pollen to a characteristic pollen assemblage of open habitat herbs, chiefly of

Cyperaceae, Rumex and Artemisia (Figure 4.4). Similar dates have been obtained on thin sediment

slices (2-3 cm) of comparable horizons at Llyn Goddionduon (11,125 ± 265 BP) and Clogwyngarreg

(11,020 ± 150 BP) in North Wales (Ince, 1981). At Lianilid in South Wales a comparable date of

11,160 ± 70 BP was obtained (Walker and Harkness, 1990; Harkness and Walker, 1991). The

general conformity of the above dates at Ca. 11,000 BP is in close agreement with the age assigned to

the onset of the Younger Dryas Stadial in N.W. Europe (Mangerud et al., 1974; Pennington, l977a;

Lowe and Gray, 1980). A date of 11,000 ± 400 BP for a similar horizon from Nant Ffrancon

(Burrows, 1975) is of limited significance due to its large standard deviation and the vertical thickness

of sediment dated (10 cm). Walker (1980) however, has argued for the later onset of "stadial"

conditions in Wales based upon a date of 10,620 ± 100 BP from Traeth Mawr. Hypotheses based

upon single dates which do not conform to a general pattern are clearly speculative and the above

dates cannot support this hypothesis. Indeed, if temporal trends existed for the onset of the Stadial,

these may have been complicated by characteristics of specific sites. Individual site characteristics

such as aspect, altitude, topography and geology must have been important factors in governing
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thresholds for solifluction and hence replacement of organic sediments by predominantly minerogenic

sediments.

5.4.5 LateglaciallFlandrian transition

An age of 10,040 ± 80 BP (SRR 1700) was obtained for deposits at the

Lateglacial/Flandrian transition. These deposits were the first predominantly organic sediments to

have accumulated following the deposition of the clay-rich minerogenic sediments of the Loch

Lomond Stadial and were characterised by high percentage values for Gramineae and Rumex pollen

(Figure 4.4). This date compares well with many similarly dated horizons from Wales, which in spite

of varying standard deviations and different site characteristics, show uniformity in their mean values

at about 10,000 BP (Figure 5.1).

However, a date for the peak in the Juniperus pollen curve obtained from 10 cm higher in

the profile yielded a radiocarbon age of 10,250 ± 80 BP (SRR-1699) which when viewed in the

context of many other dates for this event from Britain, i.e. 10,500-9,500 BP (Smith and Pilcher,

1973; Tipping, 1987) could equally be considered reliable. A further date of 10,020 ± 130 BP (SRR

1702) was obtained on a sample of Betula wood recoved from the stadial clay some 2 cm lower in the

profile than SRR-l700 and pollen evidence suggests that it was sampled in situ. The presence of

Betula wood apparently in situ within the stadial clay is enigmatic, since the pollen spectra of the

sediments in which it lay were dominated by open-habitat herb pollen types, particularly Artemisia

with extremely low values for Betula pollen. Deposition of the wood from higher in the profile may

be invoked, but would require lateral slumping into the upper clay to explain the apparently vertically

undisturbed pollen assemblages. This possibility however cannot be discounted, especially in view of

the relatively steep gradients of the surrounding basin slopes, as shown by the basin Contours (Figure

4.3). It is not possible to effectively differentiate between this set of dates at the ± 2 a level and

although problematic, the Lateglacial/Flandrian transition at LIyn Gweman is dated at approximately

10,000 BP.
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Radiocarbon dates for the Lateglacial/Flandrian transition in Wales are numerous (Figure

5.1) but not necessarily comparable, since they have been obtained from a variety of different

geomorphological situations, e.g. pingo basins (Shotton and Williams, 1973; Shotton, Williams and

Johnson, 1975), sites from inside the former glacier limits of the Loch Lomond Advance (Walker,

1980; Ince, 1981; Robertson, 1988) and full Lateglacial profiles (Switsur and West, 1973; Walker,

1980; Ince, 1981; Walker and Harkness, 1990). Unfortunately the 4C dates for this interval are not

sufficiently precise to allow the estimation of response rates for vegetational and lithological change

between sites of different geomorphological significance. Thus the concept of transitional zones as

defined in the climatostratigraphic scheme of Lowe and Gray (1980) (Table 1.1) appear to be

particularly apt for this interval and allow for consideration of time-transgressive events, as well as

recognising the limitations of the 14C dating method.

5.4.6 Corylus expansion

The expansion in the percentage pollen curve for Corylus is dated as 9070 ± 70 BP (SRR-

1698). This is in accordance with evidence for the main expansion of Corylus at about 9,000 BP

(Smith and Pilcher, 1973), but conflicts with the hypothesis of early invasion by Corylus from

western Britain (Deacon, 1974). Moore (1972) reviewed the evidence from pollen sites in

Cardiganshire which he claimed illustrated the expansion of Corylus before the expansion in

Juniperus. A date of 9,747 ± 200 BP from Tregaron bog (Hibbert and Switsur, 1976) was also used

to support the hypothesis of early expansion in Corylus and it was suggested that the Cardigan Bay

area provided a refugium for Corylus during the Late Devensian (Moore, 1978). However,

examination of Moore's diagrams does not show any significant "pre-Juniperus" expansion of

Corylus (Moore, 1972). Haynes et al. (1977) considered Cardigan Bay to have been overrun by the

Late Devensian ice-sheet and if this is correct, this area cannot be considered as a Late Devensian

refugium for Corylus. Furthermore there is no evidence from Lateglacial pollen sites to suggest that

Corylus was present in this area during the Lateglacial period. SRR-1698 compares with similar

dates from Nant Ffrancon (9,098 ± 180 BP, Switsur and West, 1973); Coolteen, south-east Ireland

(9,055 ± 95 BP, Craig, 1978); Hawks Tor, Devon (9,061 ± 160 BP, Brown, 1977) and Lianilid, South

Wales (9320 ± 60 BP, Walker and Harkness, 1990). Rather than providing evidence for early
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expansion in Corylus, collectively these dates suggest a relatively high degree of regional

synchroneity for this phenomenon in south-west Britain.

The percentage carbon and 6 13 C values for sediments deposited during the Corylus

expansion and indeed for the Lateglacial/Flandrian transition, illustrate significant differences from

values obtained from Lateglacial Interstadial deposits (Figure 5.2). Percentage carbon values at the

opening of the Flandrian period rapidly attained values comparable to maxima recorded throughout

the whole Interstadial (Ca. 14%) and therefore suggest notable differences in aquatic productivity and

organic sedimentation between these periods. The 6 13C values similarly illustrate differences

between Lateglacial and Flandrian organic deposition i.e., 6 13C values range from 19.6°/oo to

for the Interstadial and -23.3°/ to 24.2°/oo in the early Flandrian (Figure 5.4). Although

caution is required in the interpretation of & 13C values (Lowe and Walker, 1980), these trends at Llyn

Gwernan may possibly reflect differences in the ratio of allochthonous/autochthonous sources of

carbon incorporated in the deposits. Such hypotheses could ideally be tested by future geochemical

analyses sensu Cranwell (1974, 1976) for the analyses of chain length ratios in unsaturated fatty acids

hold considerable potential for differentiating between the organic sources within a deposit.

5.5 Stratigraphical implications

Difficulties in the radiocarbon dating of Lateglacial and early Flandrian stratigraphies are

numerous and well documented; particularly the effects of contamination by mineral carbon (Peglar,

1979; Gray and Lowe, 1980; Lowe and Walker, 1980; Sutherland, 1980; Bjorck and HAkansson,

1982; Tipping, 1984) and the effects of recycled older organic carbon (Olsson, 1979, 1986). These

potential sources of error are often difficult to detect and quantify and are likely to have affected many

of the Lateglacial and early Flandrian radiocarbon dates from Wales to varying degrees (Figure 5.1).

However, an area of potential difficulty which has hitherto received little attention in the

discussion and interpretation of Lateglacial and early Flandrian chronology concerns that of the

stratigraphical resolution afforded by different Lateglacial and early Flandrian profiles. Many
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Lateglacial successions are characterised by slow sedimentation rates and a few centimetres of

organic lake sediment may represent several hundred years of deposition. Rapid Lateglacial

environmental changes are therefore difficult to resolve using standard sampling techniques.

Although radiocarbon dates from such relatively condensed sequences typically lack the necessary

precision required for defining the age of Lateglacial events, they are seldom interpreted with this

problem in mind.

This lack of precise definition underlies many Welsh Lateglacial and early Flandrian

radiocarbon dates (Figure 5.1. nos 6,16,17,18,28,29) which when combined with their associated

large standard deviations severely limits their use for providing a timescale for Lateglacial and early

Flandrian environmental change. The importance of stratigraphical resolution in radiocarbon dating

and pollen analyses is highlighted in Figure 5.4 and Table 5.2 where the Llyn Gweman Lateglacial

stratigraphy can be compared and contrasted with other Lateglacial profiles. In addition the Low

Wray Bay Lateglacial profile from Lake Windermere is also placed in this comparison since this

profile has been proposed as an "Interstadial stratotype" (Coope and Pennington, 1977).

The sixteen Lateglacial profiles of Figure 5.4 are ranked from left to right according to

their gross thickness of organic Interstadial deposits and vary from a maximum thickness of 238 cm at

Llyn Gwernan to 12 cm at Cors Geuallt. Further details of sediment thickness for Interstadial and

Stadial deposits together with sediment accumulation rates are listed in Table 5.2 assuming a

timespan of 2000 years for the Interstadial and 1000 years for the Loch Lomond (Younger Dryas)

Stadial. On this basis, the age spans represented by 1 cm of Interstadial sediment and individual

pollen counts are also tabulated (Table 5.2).
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Table 5.2 shows that the rates of sediment accumulation in organic Interstadial deposits

range from the high value of 11.9 cm/I 00 years at Llyn Gweman to 0.6 cm/I 00 years at Cors Geuallt.

Interstadial deposits are shown to be less than 1 m in thickness at most sites and exhibit slow

sediment accumulation rates (typically less than 5 cm/i 00 years). The Low Wray Bay "Windermere

Interstadial" stratotype of Coope and Pennington (1977) lies firmly within the lower category of sites

which afford relatively poor stratigraphical resolution with a total organic Interstadial thickness of 54

cm with an average sediment accumulation rate of 2.7 cm/i00 years.

There are no consistent relationships between the thickness of minerogenic Stadial

deposits and organic Interstadial deposits e.g. the sites of Llyn Goddionduon and Rhyd-y-fen have

similar sediment accumulation rates for the Interstadial (4.9 cm/lOU years and 4.7 cm/i 00 years

respectively), but have very different rates for the Stadial (0.6 cm/IOU years and 14.4 cm/i 00 years

respectively). These figures cast doubt on the validity of using the method of Sutherland (1980) for

calculating the sediment accumulation for early Interstadial sediments based on the analogy with

Stadial sediment accumulation rates.

The age spans represented by 1 cm of Interstadial sediment (Table 5.2) clearly illustrate

the different requirements in sampling procedures in order to attain comparable precision in

radiocarbon dating between sites. Approximations of sedimentation rates and percentage carbon

content of relevant horizons should therefore be evaluated before radiocarbon analyses to obtain an

estimation of optimum sample thickness and mass for the required level of precision. Thus,

equivalent sample thicknesses to those from Llyn Gweman (5 cm) would be unsuitable for obtaining

the required level of dating precision at many other sites. For example, a 5 cm sediment slice from

the Elan Valley profile (Figure 5.4, Table 5.2) might represent 500 years of sedimentation and a

sample thickness of 0.4 cm would have to be obtained from Elan Valley in order to attain an equal

precision to samples obtained from Llyn Gwernan. The resolution afforded at Liyn Gweman has

therefore been an important factor for enabling the dating of sediment slices with negligible spans

which when bulked from comparable horizons have provided age determinations with low standard

deviations and as such provide a significant contribution to the Lateglacial chronology in Wales.
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The advantages of sites such as Llyn Gwernan equally apply to the detailed studies of

biostratigraphies and have wider implications for future Lateglacial research throughout Britain and

north-west Europe in general. Lateglacial profiles with a high degree of stratigraphical resolution

should provide important information for testing the validity of major fluctuations in

biostratigraphies. Concentration of radiocarbon dating on sites containing high stratigraphical

resolution should provide the best way of testing hypotheses concerning the synchronous or time-

transgressive nature of Lateglacial environmental changes.
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CHAPTER 6

LATEGLACIAL - EARLY FLANDRIAN REGIONAL ENVIRONMENT

6.1 Introduction

This chapter focusses on some key aspects of Lateglacial and early Flandrian

palaeoenvironmental changes as deduced from pollen-strati graphical, litho-stratigraphical and

radiocarbon dating evidence. These palaeoenvironmental changes are viewed within a stratigraphical

framework provided by a regional pollen zonation scheme for Snowdonia and augmented by

radiocarbon dates from the Llyn Gweman site (Section 6.2).

The significance of pre-Quatemary spores in Late Devensian basal clay deposits is

examined and followed by an interpretation of pioneer herb communities prior to the onset of the

Lateglacial Interstadial (Section 6.3). The palaeoenvironmental significance of vegetational

developments during the Lateglacial Interstadial is examined in Section 6.4 and the evidence for low

magnitude climatic deterioration is assessed. Section 6.5 focusses on the role and

palaeoenvironmental significance of Artemisia pollen in Loch Lomond (Younger Dryas) Stadial

deposits. Similarities and differences between the early Flandrian and Lateglacial Interstadial pollen

successions are compared and contrasted in Section 6.6 and followed by a comparison of early

Flandrian lithological successions in sites of differing geomorphological contexts.

Much of this evidence suggests that climatically induced environmental changes played a

major role in the landscape evolution and vegetational developments of southern Snowdonia during

the Lateglacial and early Flandrian periods. Furthermore, radiocarbon dating of significant pollen-

and litho-stratigraphical events suggest that many of these environmental changes occurred rapidly.
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6.2 Regional pollen zonation

Several Lateglacial and early Flandrian pollen diagrams have been described from

Snowdonia (Godwin, 1955; Seddon, 1962; Crabtree, 1965, 1972; Simpkins, 1974; Walker, 1977,

1978; Evans and Walker, 1977; Ince, 1981, 1983). These diagrams exhibit some close similarities in

spite of differences in site altitudes, catchment geology, basin morphometries and sediment

accumulations. In order to effectively compare pollen diagrams from Snowdonia, a unified zonation

scheme is desirable. This may be achieved by the division of individual diagrams into local pollen

assemblage zones sensu Cushing (1967). Homogeniety of such pollen assemblages between sites

throughout the region may then be used to erect a zone of greater hierarchy i.e. the regional pollen

assemblage zone.

The last twenty years has witnessed the routine application of this zonation method (Birks

and Birks, 1980), and it has effectively superceded the traditional Lateglacial pollen zonation of

Jessen (1949) i.e. Zones I, II and III. However, several pollen diagrams from Snowdonia remain

zoned by Jessen's scheme, e.g. Nant Ffrancon, Llyn Dwythwch (Seddon, 1962) Cors Geualt, Llewsig

(Crabtree, 1972). In order to achieve consistency in comparison of pollen profiles, it has been

necessary to abandon the Jessen scheme at such sites and redefine the pollen spectra in accordance

with pollen assemblage zone (P.A.Z.) methods.

Comparison of local P.A.Z.s between 11 Snowdonian pollen sites resulted in the

identification of 9 regional P.A.Z.s, ranging through the Lateglacial and early Flandrian periods and

herein referred to as "S zones". This information is summarised in Figure 6.1.

The establishment of a regional pollen stratotype, which contains the most complete

pollen stratigraphical record for a region also provides a useful reference for correlative purposes

(West, 1970). In this respect, the Llyn Gweman pollen profile is particularly suitable as a Lateglacial

pollen stratotype for the Snowdonia National Park area. Several properties render it useful for this

purpose:
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(i) All of the Snowdonian regional P.A.Z.s are clearly and unambiguously represented

within the pollen stratigraphical record.

(ii) Several of the regional P.A.Z. boundaries have been precisely and accurately radiocarbon

dated.

(iii) The exceptionally thick sedimentary sequence and close interval palynological sampling

provides a particularly detailed record of Lateglacial environmental change with high

stratigraphical resolution.

In the absence of reliable Lateglacial radiocarbon dates from Snowdonia, the Llyn

Gweman radiocarbon chronology provides an important link in calibrating the regions' Lateglacial

palynological record. Application of these dates regionally does not preclude the possibility of

boundaries being time transgressive between sites because the one standard deviation on each date

may span Ca. 200 years. However, similarities in pollen spectra between sites of very different local

characteristics strongly suggest an overall regional response to environmental change which was at

least broadly synchronous.

Figure 6.2 illustrates the application of the Llyn Gweman radiocarbon dates to the dating

of Snowdonian regional pollen assemblage zones (S Zones). The ages of the P.A.Z. boundaries

which were not radiocarbon dated in the Llyn Gweman profile (those correlating with the S8-S7 and

S7-S6 regional P.A.Z. boundaries) have been derived by interpolation between radiocarbon dates,

based on the assumption that the sedimentation rate was constant.
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' 4 C YRS. B.P.

9,000-

10,000-

11.000-

12,000-

13000—

MAJOR CHARACTERISTICS OF REGIONAL P.A.Z.S (ALL POLLEN VALUES ARE % T.LP.)

S9 CORYLUS-BETULA: Lower boundary defined by marked increase in ColylusiMyrka pollen
(40-50%). Betuta values dedine from undedyng zone to Ca 40%.

58 BETULA-SALIX: This zone is particularly homogenous throughout Snowdonra being dominated
by Betula (60-70%) and Salix (10-20%). Fllipendula persists at ca. 5% and spores of FicaIes
are oflen abundant.

Si JUNIPERUS-BETULA: Characlerised by a pronounced peak in Junip.rus (commonly up to
50%). A decrease in Juniperus from its' peak is accompanied by a rise in Betula values
(upto 50%). SaSix (10-20%) and Filipendula (Ca. 10%) are also charaderistic.

58 RUMEX-GRAMINEAE: Rumex commonly forms peaks between 15-30%. Gramineae attain
values of ca. 30% and Empetrum often forms peaks upto 5% Cyperaceae and Artemisia
decrease considerably from underlying zone. Values for Juniperus and Filipendula begin to
rise towards the upper zone boundary.

S5 ARTEMISIA-CYPERACEAE-GRAMINEAE: Characterised by the predominance of herb pollen
(>80%). Maximum Art.misla values vary considerably between sites (5-28%). Cyperaceae
attain maximum values between 15-45% and Gramineae attain 20-50%. Common herb pollen
includes Caryophyllaceae, Composrtae, Crucilerae, Epilobiurn, Ranunculaceae, Thalictrum
and Rum.x (each generally <10%).

S4 BETULA-JUNIPERUS: Betula values attain 30-50%, but Juniperus exhibits much variation.
Juniperus is generally poorly represented m the lower half of the zone, but commonly attains
20% towards the upper zone boundary. Flilpendula is consistently represented (Ca. 10%).
Upper zone boundary is marked by a major decrease in tree and shrub pollen (replaced by herb
pollen) and is occasionally accompanied by an influx of Isoetes spores.

53 JUNIPERUS: Juniperus forms peaks of up to 35% and often declines abruptly at the upper
zone boundary. Rurnex values are much reduced from the underlying zone, but the herbaceous
component is still diverse. Thalictrum and Galium may form peaks and Filipendula occurs
towards the upper zone boundary. Traces of Empetrum and Hippopha. commonly occur.
Values for Salix and aquatic pollen remain similar to the underlying zone.

S2 RUMEX-GRAMINEAE: Charactensed by Rumex peaks (30-45%) and high Gramineae values
(25-50%). Salix may attain 10% and aquatic pollen are often well represented.

Si ARTEMISIA-GRAMINEAE-CYPERACEAE: Artemisia commonly peaks upto 20%. Gramineae
atlain20-30% and Cyperaceae 10-20%. Caryophyllaceae. Compositae, Crucilerae and
Helianthe mum are commonly present (<3% each). Long distance transported pollen
(predominantly Pinus) and pre-Quaternary spores can be abundant.

Figure 63 A synthesis of Lateglacial and early Flandrian regional pollen
assemblage zones in Snowdonia.
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The relationship between this timescale and the major palynological characteristics of

each S zone is illustrated in Figure 6.3. Each sloping zone boundary on this timescale is drawn so as

to represent the uncertainty associated with the 1 a range of each radiocarbon date or interpolated

date. This timescale also enables the calculation of sediment accumulation rates for each S zone.

Mean sediment accumulation rates have been estimated for each S zone at each of the three

Lateglacial sites of this study and enables a comparison of sediment accumulation trends both within

and between sites. These sediment accumulation rates are graphically displayed in Figure 6.4

(expressed in cm/i 00 years) but have not been corrected for compaction. Differing basin

morphometries and the lack of information on iithological changes throughout each basin also limits

their interpretation. Whilst these values are crude approximations of sediment accumulation they

nevertheless provide useful comparative data which will be used in the discussions which follow.

This regional synthesis of time related pollen assemblage zones provides the

stratigraphical framework for the following discussion on some key aspects of Lateglacial and early

Flandrian palaeoenvironments.

6.3	 Pre-Lateglacial Interstadial

Most Lateglacial profiles in Snowdonia are underlain by a basal clay unit which is

generally assigned to the Late Devensian. These basal clays were deposited after, or perhaps during,

the decay of the Late Devensian ice-sheet, but before the onset of the Lateglaciai Interstadial. The

few available radiocarbon dates for Snowdonia bracket this period to between 14,500 and i3,000 BP

(Section 5.4.1).

Few detailed palynological studies have been undertaken on these Late Devensian clays

which are often regarded as being "too time consuming to count" or "non-polleniferous". However,

the detailed pollen analyses of these basal clays at Llyn Gwernan (Section 4.4.3) reveal some

significant pollen assemblage changes. The palaeoenvironmental significance of these changes are

discussed in the following sections (Section 6.3.1 and 6.3.2).
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6.3.1 Artemisia-Gramineae-Cyperaceae regional P.A.Z. (Si). Lower part

Several radiocarbon dates obtained from basal Lateglacial lake sediments in Snowdonia

have yielded age estimates for the onset of organic sedimentation (Figure 5.1). These dates provide

minimum ages for deglaciation of sites, but do not provide information on the actual timing of ice

disappearance. Lake sediments accumulating in areas adjacent to decaying ice masses are normally

unsuitable for radiocarbon dating owing to their low organic content. A significant contribution to the

resolution of this problem is provided by the exposed Lateglacial sediments at Glanllynnau (Figure

5.1) where a bulked sample of moss debris and Caryophyllaceae seeds, lying immediately above a till

surface and 140 cm below organic rich lake muds yielded a radiocarbon date of 14,468 ± 300 BP

(Coope and Brophy, 1972). Several other radiocarbon dates from similar stratigraphic situations are

clearly required before the significance of this date can be fully assessed. However, if the date is

reliable it implies that approximately 1,500 years may have elapsed between ice disappearance from

this site and the widespread onset of organic lacustrine sedimentation throughout the region.

The Glanllynnau site is close to present day sea level and Ca. 20 km away from the

presumed former centre of ice dispersal in Snowdonia. It is therefore possible that ice decay may

have occurred considerably later in the mountainous interior owing to the time transgressive retreat of

the former valley glaciers. In the absence of supporting evidence, the date of 14,468 ± 300 BP may

tentatively be used as starting point for the subsequent discussion of palaeoenvironmental

developments.

All of the Lateglacial pollen sites reviewed in Figure 6.1 (Glanllynnau is an exception)

occupy rock basins lying at altitudes between 165 m and 360 m O.D. AU of these sites contain basal

clays, but their full penetration to bedrock is seldom achieved by conventional hand coring devices.

Each of the three Lateglacial stratigraphies examined in this study contained light grey coloured,

thixotropic, basal clays directly overlying bedrock of Lower Palaeozoic mudstone and volcaniclastic

lithologies. Green coloured laminae, formed by concentrations of chlorite clay minerals are

occasionally present. Thin lenses of sand and silt are also often developed and larger clasts (>2 cm)
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interpreted as "drop stones" are occasionally common. Macroscopic plant remains are extremely rare

in these sediments and whenever present consist largely of degraded moss fragments. Pollen

concentrations are typically low in such basal sediments and palynologists have rarely studied their

pollen and spore content in detail. In view of the coleopteran studies of Coope and Brophy (1972)

this is unfortunate, because significant changes in beetle assemblages are recorded within these basal

clays. Comparative pollen and beetle data are therefore lacking.

The microsieving technique (described within the appendices) is very useful for

concentrating pollen and spores from basal clays and enabled routine counts of at least 300 total land

pollen per sample. Seven samples from 20 cm of basal clay were palynologically examined from the

Llyn Gweman profile (Figure 4.4). The lowermost 5 cm of the sampled clay contain a pollen

assemblage (GW1) dominated by Pinus (50-60%), with lower percentage values for Betula (12%),

Alnus (5%) and Quercus (2%). Traces of Picea, Tilia and Corylus/Myrica were also recorded. These

arboreal taxa from this stratigraphic interval are clearly not representative of the local or indeed

regional vegetation and are interpreted as products of long distance aeolian transport. Of the non-

arboreal pollen Gramineae and Artemisia are dominant, both attaining 8% of the total pollen, but are

present in very low abundance. The surrounding landscape at this time is likely to have been sparsely

vegetated with much bare ground. Presumed age equivalent horizons at Glanllynnau yielded a

coleopteran assemblage indicative of an intensely cold continental climate (Coope and Brophy, 1972).

The GW1 assemblage is also characterised by high percentages (35-40%) of pre-

Quatemary spores which are largely confined to this zone. Most of these spores are of Carboniferous

age and Lycospora pusilla, Densosporites spp. and Endosporites spp. predominate. The catchment

geology of Llyn Gweman consists of Cambrian and Ordovician rocks which cannot be the source of

these spores. Present day outcrops of Carboniferous coal measures lie in a belt between Oswestry and

the Dee estuary about 60 km to the east of Llyn Gweman. A smaller possible source area is present

on Anglesey about 50 km to the north and other outcrops probably exist in the presently submerged

Irish Sea area. The possibility that Carboniferous rocks from these areas were glacially transported

into the Llyn Gweman catchment is discounted. Although tills of Irish Sea origin occur on the

northern flanks of Snowdonia, the Lleyn peninsula and Cardigan Bay, studies of erratics and stone
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orientations in tills indicate that ice from external sources was unable to penetrate the mountain

interior of Snowdonia (Foster, 1968; Rowlands, 1970).

Aeolian transport of Carboniferous spores in silt and sand sized coal fragments is

considered to be the most plausible explanation for their presence in the basal sediments of Llyn

Gweman. This explanation is compatible with the palaeoenvironmental interpretation of this period.

Cold, dry conditions would be conducive to deflation of particles from exposed outwash areas and

frost shattered outcrops of coal measures strata. Pinus pollen grains occurring in the same samples as

these spores were probably derived from a continental European source, therefore suggesting that

easterly anti-cyclonic air streams played an important role in the transportation of extra-regional

pollen and spores at this time.

Although the Carboniferous spores are present in low concentrations per unit volume of

sediment, the influx of local pollen was also extremely low and thus enabled the recognition of spores

as relatively high percentages in a standard pollen count. It is notable that pre-Quatemary spores are

rare in clays of the Loch Lomond Stadial at Llyn Gwernan, even though similar climatic extremes

must have prevailed at that time. This tentatively suggests that vegetational cover was probably more

extensive during the Loch Lomond Stadial and local pollen influx values were correspondingly

higher.

The reason why Carboniferous spores alone should dominate the GWI "reworked"

assemblage is unclear, but it may in part be due to their relatively high concentration in coals and the

susceptibility of coal outcrops to sub-aerial weathering processes. Similar assemblages occur in basal

clays at Llyn Cyri where they constitute 5% of the total pollen in zone CY-1 (Figure 4.6) and also at

Rhyd-y-fen where they constitute less than 5% total pollen in zones RYF-1 and RYF-2 (Figure 4.8).

The Rhyd-y-fen site in the Arenig mountains lies at 330 m OD and only 3 km east of the former Late

Devensian ice divide as postulated by Rowlands (1970). This site provides a good example of a rock

basin which could not possibly have been affected by flows of "external" ice. Ince (1981) also

recorded Carboniferous spores (Ca. 40% TLP) in basal clays at the site of Llyn Goddionduon (Figure

4.1). Ince considered their occurrence to be problematic and suggested that they may have been
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reworked from glacial sediments of pre-Late Devensian origin. However, ther€ is no evidence to

support this suggestion and it is probable that these spores were also wind transported from external

sources before their deposition in Lategiacial sediments at Llyn Goddionduon.

These findings suggest that the occurrence of Caiboniferous spores in Lateglacial basal

clays may be a widespread and common pheno menon in Snowdonia. Their absence from some

published Lateglacial pollen diagrams from this area is probably due to the lack of detailed sampling

in basal clays and also to their description as indeterminate or unknown. Pre-Quaternary spores and

pollen grains could theoretically provide a useful method for tracing former ice movements and

glacier source areas in cases where erratics are absence or rare. However, the above results indicate

that caution should be exercised in the interpretation of rewotked pre-Quatemary spores, particularly

in environments where local pollen influx was likely to have been low.

6.3.2. Artemisia-Gramineae-Cyperaceae regional P.A.Z. (Si). Upper part.

A distinct change in the pollen profile is apparent in the Llyn Gweman pollen diagram at

1292 cm (Figure 4.4). This change is recorded in clay rich sediments, some 12 cm below the base of

organic rich muds and is characterised by considerable percentage increases in Gramineae, Artemisia

and Cyperaceae which attain 30%, 22% and 13% TLP respectively. A variety of open habitat herb

pollen is also present, chiefly Caryophyllaceae, Compositae liguiiflorae and Cruciferae (each Ca.

2% TLP). Helianthemum attains a peak of 3%. Concentrations of pollen per slide preparation are

higher than the underlying zone and percentage reductions in long-distance transported elements are

notable; Pinus values are reduced from 60% to 10% and pre-Quatemary spore values fall from 55% to

<1%.

At Liyn Gweman, this assemblage is named the Gramineae-Artemisia-Cyperaceae P.A.Z.

(GW2). It is also developed regionally (Si) although its base has seldom been sampled (Figure 6.1).

This is unfortunate because the Llyn Gweman data suggest that the development of this pollen zone

(GW2) from the underlying "impoverished" pollen zone (GW1) may represent a response in the

pollen record to regional environmental change.
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Comparison with the beetle evidence from Glanhlynnau is important, for Coope and

Brophy (1972) record significant environmental changes from within the basal clays. Between a

depth of 20 and 25 cm below the organic muds at Glanllynnau, Coope and Brophy record a

pronounced change from a cold stenothermic beetle assemblage (GL-1) to an assemblage of more

thermophilous character (GL-2). This assemblage change also indicates a gradual closing of the

vegetation cover. However Coope and Brophy (1972, p.128) make a misleading statement in

comparing their data with the palynological data of Simpkins (1968). They state:

"... evidence provided by the Coleoptera of a sudden and intense amelioration at the

horizon where faunal unit GL II substitutes for GL I is not accompanied by any

palynological indications of an immediate enrichment of the flora, since the same meagre

pollen assemblage occurs both above and below this horizon."

The pollen diagram from Glanllynnau cliff (Simpkins, 1968) clearly indicates that with

the exception of one sample taken at 4 cm below the organic lake muds, no further palynological

samples were taken from the basal clays. There is thus no palynological data available for

comparison with the faunal change.

However, Simpkins (1968) obtained a comparable sequence of sediments from

Glanllynnau marsh; a site located approximately 200 m away from the cliff section. Although

palynological sampling of the Glanllynnau basal clays is fragmentary, it is nevertheless possible to

recognise similiarities in composition between Zone Ga from Glanllynnau marsh (Simpkins, 1968)

and Zone GW2 from Llyn Gwernan (both zones are equivalent to the Gramineae-Artemisia-

Cyperaceae Regional P.A.Z. (Sl) as defined in this study). There is no evidence that the base of Zone

Ga has been reached at Glanllynnau.

It is possible that the transition from the sparse pollen assemblage of GW1 to the

Gramineae-Artemisia-Cyperaceae assemblage of GW2 may be broadly equivalent to the faunal

changes recognised between -25 cm and -20 cm in the Glanllynnau cliff section. If this is indeed the
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case, then the Gramineae-Artemisia-Cyperaceae assemblage may represent a phase of increased

vegetational cover responding to some threshold of thermal climatic improvement. This

interpretation is contrary to the traditional view that this open habitat tree less vegetation (represented

by pollen zone I of Jessen, 1949) was a predominantly periglacial environment developed under a

cold climatic regime.

A rapid response of herb dominated plant communities to possible climatic amelioration

may be argied thus:

(i) Migrational lag effects, which can greatly influence the spread of trees and shrubs, are

less likely to have influenced the rapid spread of open habitat herb communities. Many

of the herb pollen types present in 0W2 also occurred in the underlying zone. Because

the principal species were already present in a sparse vegetation at the Llyn Gweman site,

the expansion of herb communities in response to climatic stimuli could have been rapid.

(ii) The short generation time of herbs and the lack of shading by shrubs would enable rapid

propagation of herb communities. Except for certain calcifuge species, edaphic factors

are unlikely to have been limiting and the availability of much bare ground would

promote their rapid expansion.

It is tentatively suggested that shortly after the decay of the Late Devensian ice sheet,

developments within the herb communities need not have necessarily lagged behind coleopteran

faunas in their response to climatic change. This hypothesis should ideally be tested by joint pollen

and beetle analysis of a basal clay sequence and by more widespread and detailed palynological

studies of basal clays in general.
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6.4	 Lateglacial Interstadial

In Lateglacial profiles throughout Snowdonia, Late Devensian basal clays are typically

overlain by organic-rich lake muds which have been radiocarbon dated to the period between 13,000-

11,000 BP i.e. the Lateglacial Interstadial. These Lateglacial Interstadial sediments are characterised

by the S2, S3 and S4 regional pollen assemblage zones (Figure 6.1) which record vegetational

developments from a phase of open habitat herb communities and grassland through to the invasion

of juniper scrub and eventually birch woodland. The palaeoenvironmental significance of these

vegetational developments s examined in the following sections (Sections 6.4.1, 6.4.2 and 6.4.3).

6.4.1 Rumex-Gramineae regional P.A.Z. (S2)

The Rumex-Gramineae regional P.A.Z. (S2) is well developed at the Llyn (Jweman, Llyn

Cyri and Rhyd-y-fen sites. At each of these sites its base corresponds with the onset of organic

sedimentation and the bottom 5 cm of this zone at Llyn Gweman was radiocarbon dated to 13,200 ±

120 BP. This regional P.A.Z. is characterised by the dominance of Rumex and Gramineae pollen with

common Cyperaceae and Salix pollen. This zone is also rich in species of herbaceous pollen and

contains abundant aquatic pollen.

On the basis of surface samples from high altitude vegetation on Skye, Birks (1973)

interprets Rumex pollen assemblages as the product of species-rich grassland and tall herb

communities. Pennington (1978) draws analogues between high percentages of Rumex pollen in

Lateglacial pollen profiles and present-day Rumex dominated spectra obtained from pioneer

communities which colonise recently deglaciated terrain in South Norway. Such pioneer

communities are dominated by Rumex acetosa and Oxyria digyna (Pennington, 1978).

Species identification of Rumex pollen was not attempted in this study, but Lateglacial

plant macrofossil evidence from basal sediments at Nant Ffrancon (Burrows, 1973) indicate that R.

acetosella seeds were abundant, whilst R. acetosa and 0. digyna macrofossils were absent or rare (the

opposite result to Pennington's analogy). Whether these data apply to other Lateglacial sites in North
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Wales requires further investigation, but they demonstrate the difficulty of applying present day

vegetational analogues to Lateglacial plant communities. In view of the unique combination of

climatic, edaphic and competitive factors which characterised the early Lateglacial period, the

apparent lack of present-day analogues is not surprising.

As with Rwnex pollen, the pollen grains of Salix could not be consistently identified to

species level. However, the presence of Salix pollen within the herb rich and apparently tree-less

phase strongly suggests that many of these grains were probably derived from the dwarf willow, Salix

herbacea. Furthermore, leaves of S. herbacea at Nant Ffrancon were restricted to this part of the

Lateglacial (Burrows, 1973). Modern pollen samples from West Greenland (Pennington, 1980)

indicate that shrubs of S. herbacea have low pollen productivity and their pollen are poorly dispersed.

Both of these factors suggest that S. herbacea may have been more abundant in the early Lateglacial

period than the pollen record suggests. The opposite is true of Betula pollen. Low values for Betula

pollen throughout this zone may represent the long distance transport of tree birch pollen or belong to

the dwarf birch, Betula nana, which may have existed locally. However, Pennington (1980) shows

that pollen of B. nana is greatly overpresented in modem samples; especially in lakes. This suggests

that the local presence of dwarf birch in the site catchments examined in this study was probably

negligible during deposition of the Rumex - Gramineae P.A.Z.

The pollen record shows that the vegetation within the Llyn Gweman, Llyn Cyri and

Rhyd-y-fen catchments at just before 13,000 BP was very similar. Vegetation at this time was

probably represented by an incomplete ground cover of grasses, sedges and pioneer herbs, developed

on immature, unleached, base-rich soils, interspersed with snowbed communities and dwarf willows.

The onset of organic sedimentation appears to have occurred when the terrestrial

vegetation was in an early stage of development and when soils were still relatively immature.

Therefore, a terrestrial (autochonous) source of organic carbon is unlikely to have been a major

contribution to the sediment input at this time. However, some evidence suggests that the lacustnne

ecosystem was the major source of organic carbon. Aquatic pollen is generally most abundant

throughout this phase at most Snowdonian sites. Furthermore, the high percentage carbon values of
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basal organic sediments at Llyn Gweman and their associated 6 ' 3C values suggest that the lake was

eutrophic.

Pollen of Typha latifolia and T. angustifolia is present in this zone at each of the sites

studied and indicates the presence of marginal reed swamps. At Llyn Gweman and Rhyd-y-fen it is

also accompanied by Potamogeton and Myriophyllum alterniflorum which grew in more open water.

The proliferation of aquatic vegetation during this period may be explained in terms of climatic

amelioration (Iversen, 1954) and/or due to a rich supply of nutrients into the lake from base-rich soils.

The basal organic rich muds at Llyn Gweman contain 7% total organic carbon and

yielded a &C13PDB value of -l9.7°I. Values of 11% and l9.6°Ioo respectively were obtained

from the top of the Rumex - Gramineae P.A.Z. Stuiver (1975) records 6C13PDB values in the range

of 24°/oo to ..34O/ for terrestrial vegetation and 8.6°Ioo to 18.3°/oo for aquatic vegetation.

However, samples normally contain organic carbon from several different sources and a 6C13PDB

value is an average for the whole sample. Carbon isotopic ratios are therefore difficult to interpret in

terms of source (Sutherland, 1980). Nevertheless, it may be significant that the basal &C13PDB

values from Llyn Gweman are the isotopically heaviest from the whole section. It is suggested that a

greater proportion of aquatic plant material may have contributed to the sediments at this time,

relative to the land derived input.

Further studies from a number of sites are required to test this hypothesis, but if basal

organic sediments are indeed composed predominantly of aquatic plant material, then the likelihood

of "hard water error" in 14C dating increases considerably. Whilst there is no evidence for hard water

error in the Llyn Gwernan sediments, lakes with catchment lithologies contributing "infinitely" old

carbon will be especially vulnerable to 14C dating errors within their basal Lateglacial deposits.

The approximate duration of time represented by the Rumex - Gramineae P.A.Z. at Llyn

Gweman is estimated to be approximately 230 years. This figure is obtained from the mean values of

the 14C dates at the base and top of this P.A.Z., and is used to derive sedimentation rates for each

pollen zone in order to compare and contrast depositional trends between sites (Figure 6.4).
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Sedimentation rates within this zone are high and very similar between Sites, i.e. 13.0

cm/l00 years at Llyn Gweman, 10.0 cm/l00 years at Llyn Cyri and 10.8 cm/l00 years at Rhyd-y-feri

(Figure 6.4). These values are minimum sedimentation rates since they have not been corrected for

compaction. A combination of' factors may account for such high sedimentation rates. For example,

the inorganic sediment supply would be expected to be faster during times of incomplete vegetation

cover and soil instability, whereas the organic sediment supply suggests high lake productivity

coupled with development of anoxic bottom conditions favourable for the preservation of organic

matter. Hydrochloric acid pretreatment of ' 4C samples from this interval yielded an excess of

hydrogen suiphide gas and suggest original deposition under anoxic, reducing conditions (D.D.

Harkness pers. comm.). Since bacterial degradation of organic matter is most efficient within the top

few centimetres of sediment (Demaison and Moore, 1980), then rapid organic sediment accumulation

may act as a positive feedback mechanism, with proportionally greater volumes of organic matter

being preserved as sedimentation rates increase.

6.4.2 Juniperus regiona' P.A.Z. (S3)

The Juniperus regional P.A.Z. (S3) is generally well developed in Snowdonian pollen

diagrams (Figure 6.1) and is readily defined in the Llyn Gweman, Llyn Cyri and Rhyd-y-fen profiles

(Figures 4.4, 4.6 and 4.8). A marked increase in Juniperus pollen percentages which defines the base

of this pollen assemblage zone was radiocarbon dated to 12,970 ± 130 BP at Uyn Gweman. The top

of the zone at Llyn Gweman was radiocarbon dated to 12,120 ± 130 BP and marks an abrupt decline

in Juniperus pollen percentages.

Although shrub pollen of Juniperus and Salix are major components of this zone, the herb

pollen spectra is nonetheless species rich. Pollen influx data from south-east Ireland show that

maximum pollen deposition rates for the Lateglacial period were attained at this time (Watts, 1977)

and similar conclusions are made by Pennington (1977) for Lake District sites. Therefore the flora in

this section of the pollen percentage diagram might be under-represented owing to the high influx of
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juniper pollen. Aquatic pollen is relatively common in the Llyn Gweman profile, but is considerably

reduced in relation to the underlying zones at the higher altitude sites of Llyn Cyri and Rhyd-y-fen.

Whether this feature is also related to increased influx of other pollen types or is a response to

changes in lake chemistry or climate is uncertain.

Juniper scrub must have formed a major part of the vegetation at this time, whilst woody

stands of Salix, Empetrum and Hippophae occurred sporadically. Shrub copses were probably

interspersed with species rich grassland and tall herb communities of Thalictrum.

The sudden increase in pollen production by juniper is generally interpreted as a response

to climatic amelioration by a species previously persisting in small numbers and prostrate form

(Iversen, 1960; Pennington, 1977). This interpretation is consistent with the beetle data from the

Juniperus P.A.Z. at Glanllynnau which suggests that mean July temperatures during this part of the

Lateglacial were slightly warmer than the present day at about 17°C (Coope and Brophy, 1972).

Sedimentation rates within this zone are considerably reduced from the underlying zone

and are very similar between sites, i.e. 5.5 cm/lOO years at Llyn Gweman, 4.1 cm/l00 years at Llyn

Cyri and 5.8 cm/I 00 years at Rhyd-y-fen (Figure 6.4). The total organic carbon content from the top

of the zone at Llyn Gwernan was 14.4% with a 6C 13 value of -21.6 0/00 . This reduction in

sedimentation rate coupled with increases in both organic carbon and 6C 13 values probably reflect

the stabilization and maturation of soils as the terrestrial flora gradually developed. These data also

agree with results from south-east Irish sites which show that the Juniperus P.A.Z. contains the most

organic rich sediments within the Lateglacial period (Craig, 1978).

6.4.3 Betula-Juniperus regional P.A.Z. (S4)

The Betula-Juniperus regional P.A.Z. (S4) is clearly represented at the Llyn Gweman and

LIyn Cyri sites (Figures 4.4 and 4.6), but less so at the Rhyd-y-fen site (Figure 4.8). The base of this

zone at Llyn Gwernan is defined by an abrupt decrease in Juniperus pollen percentages which

correspond with a marked increase in Betula pollen. This event of Llyn Gweman was radiocarbon
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dated to 12,120 ± 120 BP. At both Llyn Gwernan and Llyn Cyri the Betula-Juniperus regional

P.A.Z. (S4) is subdivided into two local pollen assemblage zones, the lower zone contains abundant

Betula and rare Juniperus (GW5 arid CY4), whereas the upper zone contains a less stable Betula

pollen percentage curve with the reappearance of Juniperus (GW6 and CY5). The

palaeoenvironmental significance of these two local pollen assemblage zones will be discussed later

in this section.

The marked palynological changes at the base of this zone clearly indicate a major

vegetational change which may have been the result of competition, climatic change or both. In

Section 5.4 (Figure 5.3), it was shown that the Juniperus decline at Irish sites dated to Ca. 12,000 BP

was not accompanied by the spread of birch woodland. Similarly, the Snowdonian pollen site of

Clogwyngarreg contains a marked Juniperus decline which was not accompanied by a rise in Betula

pollen percentages (Ince, 1981). Therefore, the shading out of Juniperus by the invasion of birch

woodland may not necessarily have been the primary cause of the widespread Juniperus decline even

at sites where Betula pollen is present in the spectra (e.g. at Llyn Gwernan, Llyn Cyri and Rhyd-y-

fen). Although the invasion of birch woodland appears to have been erratic throughout central Wales,

Snowdonia, south-east Ireland and the Lake District, each of these regions contain sites which share

the same Juniperus decline phenomenon.

The similarity between the south-east Ireland dating of the juniper decline and the Llyn

Gwernan data (Figure 5.3) suggests that this phenomenon was broadly synchronous. Because this

event was expressed on an extra-regional scale, it is possible that it was a response to climatic change.

This interpretation is consistent with the beetle evidence of Coope (1977) which suggests a fall of

3°C in mean July temperature at around 12,200 BP. However, this interpretation is contrary to

traditional palaeobotanical views which placed the phase of birch woodland expansion in the Allerod

Interstadial, which was thought to represent the warmest phase of the Lateglacial. Nonetheless,

changes in beetle assemblages are more readily interpreted in terms of thermal parameters than are

pollen data and the interpretation of climatic deterioration at around 12,200 BP is favoured.
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If the change from the regional Juniperus P.A.Z. (S3) to the regional Betula-Juniperus

P.A.Z. (S4) represents a deterioration in mean July temperatures of only a few degrees centigrade, this

may still have been sufficient to initiate glaciation in highland Britain. Manley (1949) calculated that

a fall of only a few degrees centigrade in present-day summer temperatures could enable glaciers to

form in highland Britain. The former Loch Lomond Stadial glaciers of southern Snowdonia were

small (average area was 0.27 km2) and could have formed in a relatively short period of time.

However, much larger ice masses accumulated in the western highlands of Scotland [the former Loch

Lomond glacier alone had an estimated volume of ca. 80 km3 (Sissons, 1979)]. These larger ice

masses would have taken considerably longer to accumulate and may have started to develop long

before the truly severe cold period of the Loch Lomond Stadial as defined on lithological and

palynological grounds. It is speculated that the first glaciers which developed in the most favourable

locations of the western Scottish highlands may have done so as early as 12,000 BP.

Lateglacial palaeoenvironmental changes at around 12,000 BP have been variously

interpreted in the literature. Somewhat contentious is the recognition of a short climatic recession

between 12,000 and 11,800 BP, equivalent to the Older Dryas chronozone of north-west Europe

(Mangerud et al., 1974). Recognition of an Older Dryas chronozone in British Lateglacial pollen

profiles has been claimed by Burrows (1973); Pennington (1975, 1977b); Walker (1977) and

Caseldine (1980). However, Moore (1975) and Watts (1980) showed that much of the evidence

claimed in its recognition is ambiguous. Furthermore, Lowe and Gray (1980) pointed out that the

stratigraphic resolution afforded by radiocarbon dating is insufficient to allow its recognition as a

chronozone.

However, more recent biostratigraphical, lithological and chemical data from a number of

Lateglacial profiles on the Isle of Skye (Walker and Lowe, 1990) provide evidence for a relatively

short-lived climatic oscillation during the Interstadial; although the dating of the event is somewhat

imprecise (the event is bracketed between dates of 12,550 ± 280 BP and 12,400 ± 200 BP).

Walker and Lowe argue that this climatic oscillation may have been of such low amplitude and of

such short duration that it only registered at sites where plant communities were existing close to

critical climatic thresholds. Climatic reconstructions based on fossil beetle faunas (Atkinson et al.,
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1987) indicate a fall of almost 10C in the coldest winter months between 12,300 and 11,800 BP,

after which winter temperatures increased by 4-5C. Walker and Lowe (1990) speculate that such

changes in climate could have had major ecological and geomorphological effects at "marginal" sites

which disrupted vegetation cover and promoted renewed erosion. This argument was previously used

by Walker (1982a) to explain Lateglacial Interstadial fluctuations in the pollen record at Traeth Mawr

in South Wales, but it does not adequately explain why such fluctuations are not apparent in higher

altitude Welsh Lateglacial sites such as Elan valley (Moore, 1980).

If a minor climatic deterioration represented by the Older Dryas chronozone took place

between 12,000 and 11,800 BP, then this should be represented in the Llyn Gweman profile by about

30 cm of sediment and be recognised in 6 pollen samples. Likewise at Llyn Cyri, about 22 cm of

sediment could have accumulated during this time and should be recognised in 4 pollen samples.

However, at both of these sites there is no evidence of any significant palynological or lithological

changes over these intervals.

Pennington (1975) stresses that her recognition of an Older Dryas chronozone is based on

very small scale changes in percentage pollen diagrams and is more easily defined by decreases in

overall pollen concentration and increases in concentrations of certain herb taxa. The small scale

fluctuations in pollen concentration recognised in the detailed studies of Pennington (1975) and others

are not disputed. However, the interpretation that such changes represent a synchronous climatic

event throughout north-west Europe is questionable. Small scale variations in pollen assemblages are

to be expected between sites, for every site is unique in basin shape, altitude, catchment size, geology

and microclimate. The magnitude of lithological and palynological changes interpreted as an Older

Dryas climatic deterioration could equally be explained by local factors such as inwash and reworking

of sediments from a single storm event; solifluction resulting from a severe winter or instability of

basin margins caused by fluctuating lake levels. Although an increasing body of evidence indicates

variable amounts of environmental instability during the "mid" Interstadial there are still nonetheless

several problems which prohibit the acceptance of an Older Dryas chronozone:

(i) it cannot be recognised at the majority of pollen sites in the British Isles;
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(ii) lithological and palynological evidence interpreted as representing a climatic

deterioration may alternatively be explained by local environmental factors which are

independent of the regional climate; and

(iii) at sites where an Older Dryas chronozone has been proposed, the radiocarbon dating has

lacked sufficient resolution to accurately determine its age.

As mentioned earlier, the Betula-Juniperus regional P.A.Z. is represented in the Llyn

Gweman and Llyn Cyri pollen profiles by two local pollen assemblage zones. The lowest zone is

named the Betula P.A.Z. (GW5, CY4) and contains high Betula pollen percentages with rare

Juniperus. The overlying local P.A.Z. is named the Betula-Juniperus P.A.Z. (GW6, CY5) and

contains a less stable Betula curve with the reappearance of Juniperus.

The local presence of Juniperus throughout this latter phase of the regional Betula-

Juniperus P.A.Z. is difficult to reconcile with a deteriorating climate. It is suggested that the presence

of Juniperus pollen in sediments of this zone represent reworking of marginal lake sediments or soils.

The fluctuating Betula curve may similarly represent some reworked Betula grains. Such an

interpretation is consistent with increases in inwashed bryophyte layers, whilst the occurrence of drop

stones in this zone at Rhyd-y-fen may suggest more severe winters within a gradually deteriorating

climate, leading up to the severely cold phase of the Loch Lomond Stadial. Pollen concentration and

influx studies of Lateglacial sediments in south-east Ireland indicate that the Juniperus regional

P.A.Z. (deposited earlier in the Lateglacial) contained the highest concentrations of pollen;

particularly Juniperus. Therefore it is not surprising that Juniperus should be the most common

reworked pollen grain. Sediments on basin margins and slopes may be periodically reworked when

the wave base is lowered. Resuspension of pollen grains may then occur, with their eventual

redeposition in the centre of the basin contemporoneous with the pollen influx from the catchment

vegetation.
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Reworking of pollen from catchment soils is also possible, particularly with the onset of

solifluction. The problem of secondary deposition from soils was not investigated during this study,

but potential methods for estimating the magnitude of this influx may be derived from analyses of

pollen preservation (Birks, 1970; Lowe, 1982); the study of fungal remains (Van Geel, 1986) and the

analyses of aerophilous diatoms (Walker, 1977).

Further evidence of reworking is suggested by the sharp peaks in the percentage curve for

Isoetes spores (% TLP) which characterise the upper part of the Berula-Juniperus regional P.A2. (S4)

at Llyn Cyri (100%) and at Rhyd-y-fen (55%) - Figures 4.6. and 4.8. Peaks in Isoetes spores also

occur at a similar stratigraphical position [i.e. immediately underlying Loch Lomond (Younger

Dryas) Stadial deposits] at other Snowdonia sites, notably Clogwyngarreg (20%), Cors Geualt (10%)

and Glanhlynnau marsh (10%). At Clogwyngarreg this peak corresponds with a layer of stones, some

2 cm below Loch Lomond (Younger Dryas) Stadial deposits, which Ince (1981) interpreted as

localised reworking of lake marginal deposits. Support for this interpretation is provided by studies

of present-day pollen and spore recruitment into lake basins (Bonny, 1976, 1978) where anomalously

high "out-of-season" Isoetes spore values reflect the reworking and resuspension of lake bed material.

This peak in Isoetes spores may therefore mark the final phase of increased instability along basin

margins before the cessation of Lateglacial Interstadial organic deposition and the subsequent

deposition of Loch Lomond Stadial minerogenic sediments.

Reworking of marginal lake muds prior to the deposition of Loch Lomond (Younger

Dryas) Stadial clays has important implications for the radiocarbon dating of sediments which are

commonly used to date the Lateglacial Interstadial - Loch Lomond (Younger Dryas) Stadial transition

throughout north-west Europe. If reworked material is a widespread phenomenon in deposits at this

important stratigraphical boundary, then contamination might result in erroneous "old" radiocarbon

dates. Although the few available radiocarbon dates for this boundary in Wales have means which

cluster around 11,000 BP, a spread of 800 years is associated with the 1 a deviation (Figure 5.1) and

it is difficult to assess whether this variation is a result of contamination or of time transgressive

sedimentary processes.
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An additional potential problem which might also result in an anomalously old

radiocarbon date for this boundary concerns the possibility of erosion at the top of the Lateglacial

Interstadial deposits. In order to avoid this problem it is extremely important that core samples for

subsequent radiocarbon dating are removed from the basin depocentre and not from the basin

margins. This was demonstrated by "exploratory" cores taken from the margins of Llyn Gweman and

Llyn Cyri where a very sharp and angular contact at the Lateglacial Interstadial - Loch Lomond

(Younger Dryas) Stadial boundary, appeared to represent an unconformable relationship (these cores

were not palynologically examined or radiocarbon dated and so the amount of time "missing" at this

contact was not assessed).

However, palynological examination of sediments at the site of Rhyd-y-fen (although

taken from the basin depocentre) suggested that the top of the Betula-Juniperus regional P.A.Z. (S4)

was either condensed or possibly missing (Figures 4.8 and 6.4). Further detailed studies of other

pollen sites in the area and radiocarbon dating are required before this can be resolved.

Sedimentation rates within this zone at Llyn Gwernan and Llyn Cyri are the highest

within the Lateglacial section, i.e., 16 cm/I 00 years at Llyn Gwernan and 11 cm/100 years at Llyn

Cyri (Figure 6.4). These high sediment accumulation rates possibly reflect increased rates of erosion

resulting in the subsequent increase in allochthonous sediment supply into the lake basin prior to the

onset of the Loch Lomond (Younger Dryas) Stadial. In contrast, the anomalously low sediment

accumulation rate of 2 cm/l00 years for the S4 regional P.A.Z. at Rhyd-y-fen may be an artefact of

missing section at this site (Figure 6.4).
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6.5 Loch Lomond (Younger Dryas) Stadial

Deposits assignable to the Loch Lomond (Younger Dryas) Stadial are readily recognised

throughout Snowdonia by virtue of their minerogenic lithologies and their highly characteristic herb

pollen assemblage, notably the Arremisia-Cyperaceae-Qramineae regional P.A.Z. (S5). Radiocarbon

dates in Snowdonia bracket the Loch Lomond (Younger Dryas) Stadial to the period between 11,000

and 10,000 BP. The geomorphological, lithological and palynological evidence presented in the

previous chapters clearly indicate the return of a severely cold climate to southern Snowdonia at this

time. Section 6.5.1 focusses on the role and palaeoenvironmental si3nificance of Artemisia pollen

during the Loch Lomond (Younger Dryas) Stadial.

6.5.1 Artemisia-Cyperaceae-Gramineae regional P.A.Z. (S5)

The Artemisia-Cyperaceae-Gramineae regional P.A.Z. (S5) is well developed in many

Snowdonian pollen diagrams (Figure 6.1) and is readily defined in the Llyn Gweman, Llyn Cyn and

Rhyd-y-fen profiles (Figure 4.4,4.6 and 4.8). The base of this P.A.Z. is defined by a marked decline

in pollen of shrub and tree taxa and their replacement by herb pollen taxa. The assemblage is

typically dominated by pollen of Artemisia, Cyperaceae and Gramineae with appreciable numbers of

pollen of Caryophyllaceae, Compositae, Cruciferae, Epilobium, Ranunculaceae, Thalictrum and

Rumex. At each Snowdonia site, the base of this P.A.Z. closely corresponds with a change from

relatively organic-rich deposits of the Lateglacial Intertadial into organically impoverished clays and

silts of the Loch Lomond (Younger Dryas) Stadial. At Llyn Owernan, deposits from immediately

below and above this zone yielded radiocarbon dates of 11,160 ± 90 BP and 10,040 ± 80 BP

respectively (Table 5.1) and effectively bracket the timespan of the Loch Lomond (Younger Dryas)

Stadial.

Percentage values for Artemisia pollen exhibit some variations between sites (maximum

values of 28% T.L.P. are attained at Llyn Gweman and Llyn Cyri and 17% at Rhyd-y-fen). Such

variations in Artemisia pollen percentages have previously been interpreted as a function of aridity
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(Birks and Mathewes, 1978). Thus for the site of Abernethy Forest on Speyside Birks and Mathewes

(1978) argued that during the Loch Lomond (Younger Dryas) Stadial very high percentages of

Artemisia reflected aridity induced by a rain shadow from the southern margin of the Scottish

Highlands. Sissons (1980) also noted that sites in the Scottish Highlands with high Artemisia values

appeared to be associated with higher regional fim line altitudes during the Loch Lomond (Younger

Dryas) Stadial and suggested that both were a reflection of arid conditions. In Snowdonia, Ince

(1981) similarly noted a correspondence between high percentages of Artemisia pollen and regional

fim line altitudes and argued that precipitation during the Loch Lomond (Younger Dryas) Stadial was

high in south-west Snowdonia but declined north-eastward.

However Tipping (1985) suggested that the deposition of Loch Lomond (Younger Dryas)

Stadial sediments with high Artemisia pollen values may not necessarily be synchronous with the

development of glacier equilibrium firn lines during the Loch Lomond (Younger Dryas) Stadial.

Furthermore Moore (1980) argues that the identification of Artemisia to genus level only is not

necessarily an indication of an arid climate. Although many species of Artemisia are presently

associated with dry regions, species such as A. vulgaris can occur over a broad range of habitats,

whilst others (A. norvegica and A. maritima) have geographical distributions which could broadly be

termed as oceanic. Therefore, because Artemisia is not routinely identified to species level, its

environmental indicator value is limited.

A study by Maher (1963) in which he noted the dispersal and depositional characteristics

of Artemisia pollen grains in present day cirque lakes of the San Juan Mountains of Colorado is

highly relevant to the interpretation of Artemisia pollen percentages in Loch Lomond (Younger

Dryas) Stadial deposits. Maher (1963) noted that cirque lakes contained the highest pollen percentage

values of Artemisia than at any other site in the alpine zone. A characteristic of these lakes was that

they remained frozen during the spring and early summer. Snowmelt caused the lakes to overflow

until late summer, at which time the lakes became standing bodies of water. Maher (1963)

demonstrated that pollen from early flowering trees and some herbs tended to be flushed from the

lakes during their period of overflow, whilst pollen from the later flowering Artemisia become

trapped in the lake, whereby it became incorporated into the sediment. Maher also suggested that if a
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lake received meitwater from a glacier, then this effect would be even more pronounced as meitwater

overflow is maintained until very late in the summer.

These observations may provide a useful analogue for Loch Lomond (Younger Dryas)

Stadial pollen sites which contain high percentage values of Artemisia. Seasonal freezing and

thawing of former lakes during the Stadial at Llyn Gweman, Llyn Cyri and Rhyd-y-fen is suggested

by the common occurrence of "drop stones". The low pollen concentrations in Stadial silts and clays

can therefore be readily explained by this "flushing" or "meltwater discharge" hypothesis, as well as

explaining the high percentage values of Artemisia.

It is therefore recommended that any future studies on variations in Artemisia pollen

percentages in Loch Lomond (Younger Dryas) Stadial deposits should take into account several other

variables in addition to fim line altitudes. In particular, variables such as site altitude, site insolation

factors and a sites proximity to former meitwater discharge should all be examined in order to test this

flushing hypothesis.

6.6 Early Flandrian

Early Flandrian lake sediments in Snowdonia show a return to predominantly organic

sedimentation and a pollen succession characterised by the S6, S7, S8 and S9 regional pollen

assemblage zones (Figure 6.1). These regional pollen assemblage zones reflect vegetational

developments from open habitat herb communities and grassland followed by the short-lived

proliferation of juniper scrub and its replacement by birch woodland and eventually hazel. This

vegetational succession in Snowdonia has been interpreted as a response to climatic amelioration

(Section 4.4.4) and has been radiocarbon dated to the period between 10,000 and 9,000 BP (Sections

5.4.5 and 5.4.6). Section 6.6.1 focusses on the similarities and differences between the early

Flandrian and Lateglacial Interstadial pollen successions and compares early Flandrian lithologies

from sites of differing geomorphological significance.
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6.6.1 Post Rumex-Gramineae regional P.A.Z. (S6)

The succession of regional P.A.Z.s S6-S9 are recognisable in most Snowdonian pollen

profiles (Figure 6.1) and their assemblage characteristics retain a high degree of uniformity

throughout the region. Each of these early Flandrian pollen assemblage zones are readily defined in

the Llyn Gwernan, Llyn Cyri and Rhyd-y-fen profiles (Figures 4.4, 4.6 and 4.8). In the majority of

sites throughout the region, the base of the early Flandrian is marked by the onset of organic

sedimentation which usually coincides with the Rumex-Gramineae regional P.A.Z. (S6). However,

some significant variations exist in this pollen- and litho-stratigraphical relationship which will be

described and discussed later in this section.

At Llyn Gweman, three radiocarbon dates were obtained from the early Flandrian

succession (Sections 5.4.5 and 5.4.6). The onset of early Flandrian organic sedimentation,

characterised by the base of the Rumex-Gramineae regional P.A.Z. (S6) was radiocarbon dated to

10,040 ± 80 BP (SRR 1700). An acme in Juniperus pollen percentages associated with the middle of

the overlying Juniperus regional P.A.Z. (S7) was radiocarbon dated to 10,250 ± 80 BP (SRR 1699);

(although the mean of this date is older than SRR 1700, these two dates are not significantly different

at the 2 a level). A marked expansion in Corylus pollen which defines the base of the Corylus

regional P.A.Z. (S9) yielded a radiocarbon date of 9,070 ± 70 BP (SRR 1698).

A notable feature of the Snowdonian early Flandrian pollen succession is its overall

similarity to the succession recorded in the early part of the Lateglacial Interstadial. This repetition in

the relative order of pollen percentage peaks and troughs is illustrated in a pollen diagram from Llyn

Gweman (Figure 6.5) which highlights the percentage pollen curves for key pollen taxa (Betula,

Juniperu.s, Corylus, Rumex, A rtemisa, Filipendula) in the early Lateglacial Interstadial and the early

Flandnan. Figure 6.5 also illustrates the similarities between the lithological succession of these two

periods i.e., Late Devensian clays are overlain by Lateglacial Interstadial muds and Loch Lomond

(Younger Dryas) Stadial clays are overlain by early Flandrian muds. In each case the clays are

characterised by a pollen assemblage in which Artemisia is prominent, whilst overlying muds contain

a species rich herb assemblage dominated by Rumex pollen. Both successions then exhibit a decline

in Rumex pollen whilst pollen percentages for Juniperus increase. Following a pronounced acme, the

Juniperus pollen percentage curves decline and are then succeeded by the rise in dominance of Betula

and Filipendula pollen (Figure 6.5).
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These palynological successions can be interpreted as a reflection of the vegetational

succession (Table 4.2). Both the Lateglacial and early Flandrian pollen profiles reflect an initial

phase of early pioneer herb communities which gradually developed into a species-rich grassland. As

soil surfaces stabilised copses of shrub juniper become established, but later declined as birch

woodland invaded the area. These gross similarities in vegetational development suggest that

ecological factors (e.g. migration, competition) and/or climatic factors (e.g. temperature,

precipitation) were themselves similar for the two time periods. However, determining which of

these factors have been the dominant control on the behaviour of one particular taxon is often very

difficult to establish. In this connection, some of the differences between the Lateglacial Interstadial

and early Flandrian pollen profiles provide useful information. In particular the absence of Corylus

pollen from the Lateglacial Interstadial is noteworthly; for comparison with the early Flandrian period

shows that Corylus become established in southern Snowdonia approximately 1000 years after the

close of the Lateglacial (Section 5.4.6, Figure 6.5). This suggests that the relative rates of

vegetational succession during the Lateglacial Interstadial lagged behind those recorded for the early

Flandrian. Further support for this time lag effect is provided by the radiocarbon dating of the Betula

pollen curve in the Lateglacial Interstadial (Section 5.4.3) which indicates that following the Late

Devensian, Ca. 1000 years elapsed before birch woodland expanded in the area. Comparison with the

Betula pollen curve and radiocarbon dates for the early Flandrian suggest that birch woodland became

re-established considerably faster than in the Lateglacial Interstadial (Figure 6.5).

The absence of Corylus from the Lateglacial Interstadial of southern Snowdonia cannot

be explained by competition, because Corylus proved to be a very effective competitor against Betula

in the early Flandrian. Similarly, although the latter part of the Lateglacial Interstadial was

characterised by relatively cooler mean summer temperatures (Coope, 1977) it is uncertain whether

such a climatic parameter would have been a limiting factor on the expansion of Corylus (Deacon,

1974 records the present northern limit of Corylus in Norway at 67 • 56' N and considers that the

combination of a maritime climate and calcareous soils could have enabled its survival close to

"Weichselian" ice fronts). A migrational time lag effect is considered to be the most likely factor

contributing to the absence of Coy1us in the Lateglacial Interstadial of southern Snowdonia. The

palaeovegetation maps of Huntley (1990) indicate that a mixed deciduous forest in which Corylus
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was prominent, was present only in the extreme south-east of Europe at 13,000-12,000 BP. However,

between 10,000-9,000 BP, Huntley's maps show a major expansion in this vegetation type which

became dominant throughout France and neighbouring continental countries. Therefore the relatively

rapid expansion of Corylus in southern Snowdonia during the early Flandrian can be explained by the

closer proximity of Corylus refugia and migration pathways at that time. Low but continuous

percentage curves for Quercus and Ulmus pollen (interpreted as long distance transported) accompany

the Corylus expansion and indicate the closer proximity of these forest trees in the early Flandrian

than during the Lateglacial (long distance transported pollen of these taxa are absent or rare in

Lateglacial Interstadial deposits).

The intepretation of the similarities in Lateglacial Interstadial and early Flandrian pollen

profiles as a reflection of similar environmental controls can however, be problematic. This is

illustrated by the behaviour of the Juniperus pollen curve in relation to the Betula pollen curve

(Figure 6.5). In Section 5.4.3 (Figure 5.3) it was demonstrated that the juniper decline during the

Lateglacial Interstadial was probably not directly related to the rise in birch. Instead it was argued

that some other factor (possibly climatic) may have been responsible for the juniper decline.

A similar pattern of Juniperus pollen decline and Betula pollen increase is recorded

during the early Flandrian under a steadily improving climate. However under such conditions the

interpretation of a juniper decline being linked to the superior competitive ability of birch may be

more valid. This example illustrates that different ecological and climatic controls may result in very

similar expressions in the pollen profiles and demonstrates that the rigid adherence to a single model

for explaining the decline or increase in a single taxon can lead to erroneous interpretations.

A comparison of sediment accumulation rates between the early Lateglacial Interstadial

and early Flandrian, shows that although such rates were initially high during the early Lateglacial

Interstadial (Figure 6.4), very similar rates (4-5 cm/l00 years) were typical of both phases of juniper

scrub development (regional P.A.Z.s S3 and S7). However, differences are apparent between these

two phases as recorded by 6 values (Figure 5.2) which might be related to differences in the ratio

of allochthonous/autochthonous sources of carbon incorporated into the deposits (Section 5.4.6).
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Although the palynological succession for the early Flandrian is relatively uniform

throughout the Snowdonian region, some local differences in lithological developments are apparent

at the time. Assuming that the regional pollen assemblage zones are more reliably correlatable in

time than lithological changes, it is then possible to use the pollen-based relative chronology to

compare and contrast the lithological developments throughout a region. By using this method it is

revealed that lithological developments during the early Flandrian appear to conform to a general

pattern.

At all sites which were not glaciated during the Loch Lomond (Younger Dryas) Stadial, a

full sequence of Late Devensian, Lateglacial Interstadial, Loch Lomond (Younger Dryas) Stadial and

early Flandrian deposits are represented (Figure 6.1). The onset of the early Flandrian at each of these

sites is marked by the cessation of minerogenic inwash and its replacement by the deposition of

organic-rich lake muds. A comparison with the palynological evidence indicates that this major

lithological change corresponds with a change from the Artemisia-Cyperaceae-Gramineae regional

P.A.Z. (S5) to the Rumex-Gramineae regional P.A.Z. (S6). However, a comparison with sites which

were glaciated during the Loch Lomond (Younger Dryas) Stadial (Figure 6.6) indicates that organic

sedimentation did not commence until the deposition of the Juniperus-Betula regional P.A.Z. (S7).

This phenomenon is illustrated in Llyn Arenig Fach core A of this study (Section 3.4.4), at the site of

Llyn Llydaw on Snowdon (Ince, 1981, 1983) and even at the sites of Craig-y-Fro and Craig Cerrig-

gleisiad in the Brecon Beacons of South Wales (Walker, 1980, 1982b).

A combination of factors may have contributed to the delay in early Flandrian organic

sedimentation at freshly deglaciated sites. It is possible that meitwater from residual ice in the

headwall areas of cwms may still have been contributing clays and silts into the drainage system at

this time. However, it is considered more likely that this time lag in organic sedimentation may

represent a genuinely slower development of the terrestrial and aquatic ecosystems on recently

deglaciated terrain relative to those previously unglaciated sites. Furthermore, sites affected by Loch

Lomond (Younger Dryas) Stadial glaciers tend to be located at higher altitudes than most Lateglacial

sites and the effects of climatic amelioration may also have lagged behind the lowland sites.
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This example illustrates the time transgressive nature of lithological changes during the

Lateglacial/early Flandrian transition and highlights the need for Caution ifl correlation of radiocarbon

dated lithological boundaries. This situation is also exemplified by Walker (1980) in his comparison

of radiocarbon dated early Flandrian horizons in the Brecon Beacons of south Wales. Walker's

palynological evidence at the previously glaciated sites of Craig-y-Fro and Craig Cerrig-gleisiad

clearly indicate basal organic early Flandrian deposits which contain a Juniperus pollen assemblage

zone (Walker 1980, p.134, Figure 2). However, comparison with the basal organic early Flandrian

deposits at the neighbouring Lateglacial site of Traeth Mawr indicates the occurrence of a Gramineae-

Cyperaceae pollen assemblage zone (pre-Juniperus P.A.Z.) therefore indicating that these deposits of

Traeth Mawr should not be directly correlated with those from Craig-y-Fro and Craig Cerrig-gleisiad.
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CHAPTER 7

CONCLUSIONS

7.1 Summary

This chapter summarises the results and conclusions of this investigation and provides

some recommendations for future research.

The Lateglacial and early Flandrian stratigraphy of southern Snowdonia has been

examined using geomorphological mapping, pollen analytical and radiocarbon dating techniques.

The combination of these techniques has enabled reconstruction of the effects and timing of

palaeoenvironmental change on the Lateglacial and early Flandrian vegetation and landscape. The

former extent and distribution of "cwm " glacier and snowpatch limits in southern Snowdonia have

been reconstructed on the basis of detailed geomorphological mapping and were subsequently

interpreted to derive palaeoclimate inferences. Pollen stratigraphical investigations were then

undertaken from sites lying both inside and outside these former glacier limits in order to date this

glacial episode. The pollen stratigraphical evidence suggests that these former cwm glaciers date

from the Loch Lomond (Younger Dryas) Stadial. Pollen analyses have also provided a means for

reconstructing the vegetational history and palaeoenvironmental changes throughout the Lateglacial

and early Flandrian, whilst radiocarbon dating of significant litho- and pollen-stratigraphical horizons

have provided a timescale for measuring such changes.

This concluding chapter focusses on four main areas, namely: (7.2) Cwm glacier

development, (7.3) Stratigraphical evidence for the age of the cwm glaciers, (7.4) Timing and effects

of Lateglacial and early Flandrian palaeoenvironmental change, and (7.5) Some recommendations for

future research.
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7.2	 Cwm glacier development

Geomorphological mapping of former cwm moraine limits throughout the uplands of

southern Snowdonia was achieved by the stereoscopic examination of vertical aerial photographs and

detailed field mapping. The former glacier limits were defined largely from the distribution of end

moraines, lateral moraines and boulder limits. Ridges of glacial origin were differentiated from those

of nival origin on the basis of the estimated thickness of fim which previously accumulated behind

them (30 m of fim was taken as the threshold for flrnlice transformation). Detailed descriptions of the

geomorphological evidence for the former glacier and snowpatch limits are presented in CHAPTER

2 and illustrated by numerous maps and plates.

This investigation shows that former cwm glacier development in southern Snowdonia

was restricted and extremely localised. Of the seven former glaciers identified, three of these

occurred in the Cader Idris mountain group and all of the nine former snowpatches were restricted to

this area. The remainder of the former glaciers were mapped as isolated occurrences in the Aran,

Arenig and Moelwyn mountain groups whilst the Rhinog mountains were devoid of evidence for

former cwm glaciation.

The two largest former glaciers on Cader Idris each had an area of Ca. 0.5 km2 and are of

average size for those mapped in Snowdonia (Gray, 1982). However, the seven glaciers as a whole

had a combined area of only 1.88 km2 with an average size of 0.27 km 2. These figures compare with

those of Gray (1982) for northern Snowdonia where the total area of 35 former Loch Lomond Stadial

glacers was 17.5 km2

Equilibrium firn line altitudes were calculated for each former glacier using the linear

generalisation of accumulation and ablation gradients as proposed by Sissons (1974). The paucity of

data points limits meaningful comparisons between individual former glaciers and precludes the

reconstrubtion of a regional firn line for southern Snowdonia. However, a local equilibrium firn line

of ca. 600 m is indicated by the three former glaciers on Cader Idris. This equates with the average

regional firn line altitude calculated for Loch Lomond Advance glaciers in Snowdonia by Gray
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(1982) and suggests a July mean temperature of Ca. 8.5 • C at sea-level during the period when the

glaciers were at equilbrium (estimate derived from Liestol's curve published in Sissons l979b).

Throughout southern Snowdonia the effects of aspect, altitude and transfer of snow on

Loch Lomond Advance glacier development are often clearly demonstrable. All of the former

glaciers and snowpatches had aspects between NNW and ESE, due largely to increased protection

from direct solar radiation resulting in relatively less ablation. With the exception of moraines at

Cwmorthin (glacier 6) and a protalus rampart at Craig y Llam (snowpatch i) the terminal features of

former glaciers and snowpatches all occurred at altitudes between 400-500 m O.D. (mean of glaciers

449 m, mean of snowpatches 481 m). Glacier development was thus confined to only the higher

cwms of southern Snowdonia, with the mean firn line altitude of the seven former glaciers being 540

m O.D. Manley (1959) considered that about one third and possibly more of the snow falling on an

exposed windswept summit is likely to be transferred under the lee of adjacent crags. It is possible

that the two largest former glaciers on Cader Idris may have accumulated snow from windswept

slopes lying to the south-wesL

In addition to landforms representing former glaciers and snowpatches, features

exhibiting fossil rock glacier morphologies were recognised at Llyn y Gadair (glacier 2) and at

Moelwyn Mawr (glacier 7). Both of these features are thought to have originated as Loch Lomond

Advance glaciers, only to have been modified by the local abundance of rock debris being supplied to

the glacier surface. This cover of rock debris would have affected the ablation and flow

characteristics of the former glaciers and it is probable that the rock glaciers ice-cores existed beneath

their protective rock covers for sometime after the disappearance of "normal" glaciers from the

surrounding area. The final disappearance of the ice-cores resulted in the distinctive landforms

essentially as seen at the present day.

7.3 Stratigraphical evidence for the age of the cwm glaciers

The hypothesis that the mapped former glacier and snowpatch limits of this study are of

Loch Lomond Stadial age was tested by pollen stratigraphical investigations. This was achieved by
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examination of pollen sites which were critically located with respect to the former ice limits. Hence

pollen stratigraphies were examined from three sites located inside former glacier limits, whilst a

further three sites were examined outside of, but in close pmximity to, the same former glacier limits.

The results of these investigations are detailed in CHAPTER 3 and CHAPTER 4, but the key

stratigraphical relationships which are relevant to assessing the age of the cwm glaciation are

summarised in Figures 7.1, 7.2 and 7.3.

The key pollen-, litho- and morpho-stratigraphical relationships in the Arenig Fach area

are presented in Figure 7.1. This figure summarises the pollen- and litho-stratigraphical data for core

A from the Llyn Arenig Fach site which is located behind an end moraine which defines the former

limit of glacier 5 (Figure 2.9) at Ca. 450 m O.D. This site can be compared and contrasted with the

pollen and litho-stratigraphical profile from Rhyd-y-fen which is located 2 km due south of the ilyn

Arenig Fach site and lies outside the limits of former cwm glaciation (Figure 7.1).

Core A from Llyn Arenig Fach contains a basal clay which directly overlies bedrock.

This basal clay contains an Artemisia-Cyperaceae-Gramineae P.A.Z. and is interpreted as the first

sediment to have been deposited as the site became deglaciated during the closing stages of the Loch

Lomond Stadial. These sediments are in turn overlain by early Flandrian organic muds whose pollen

assemblages reflect the vegetational development from pioneer herb communities to species-rich

grassland and juniper scrub. Elsewhere in Wales, such early Flandrian muds have been radiocarbon

dated to Ca. 10,000 BP (Ince, 1981, 1983; Walker, 1980, 1982b; Robertson, 1988).

Loch Lomond Stadial clays and early Flandrian muds are also recognised at the "outside"

site of Rhyd-y-fen (Figure 7.1). However, at Rhyd-y-fen the Loch Lomond Stadial clays do not

represent the earliest sediments to have been deposited in that basin. Unlike the Llyn Arenig Fach

site, the Loch Lomond Stadial sediments at Rhyd-y-fen are underlain by 1.18 m of Lateglacial

Interstadial lake muds and Late Devensian basal clays. Both the pollen and litho-stratigraphical

succession at Rhyd-y-fen indicates that this site has not been glaciated since the decay of the Late

Devensian ice-sheet.
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Viewed in the context of glacial chronology, the pollen and litho-stratigraphical evidence

from these two sites strongly suggest that the former cwm glacier at Arenig Fach dates from the Loch

Lomond (Younger Dryas) Stadial.

Similar stratigraphical investigations were also undertaken in the Cader Idris area, the

results of which are summarised in Figure 7.2. Sediment cores were obtained from inside the former

glacier limits at Llyn Cau (glacier 1) and at Llyn y Gadair (glacier 2). These sites can be compared

and contrasted with the pollen- and litho-stratigraphical profile from Llyn Gwernan which lies 2 km

due north of Llyn y Gadair and is outside the limits of former cwm glaciation.

The pollen- and litho-stratigraphical successions at Llyn Cau and Llyn y Gadair are very

similar, with basal clays being absent from the cores at both sites. Instead, the lowermost deposits are

represented by fine detritus muds and diatomites. These deposits contain a basal Pinus-Quercus-

Corylus-Ulmus P.A.Z. at both sites, being derived from a mixed woodland vegetation which prevailed

in Snowdonia between Ca. 8500-7000 BP (Hibbert and Switsur, 1976). The possible reasons for the

absence of Loch Lomond (Younger Dryas) Stadial and earliest Flandrian sediments from these sites

were examined in Section 3.7, where it was concluded that sediment starvation resulting in non-

deposition was the most plausible explanation for their absence. Because the onset of postglacial

deposition appears to have been delayed, the dating of ice-decay at these sites remains problematic.

Nevertheless, the absence of pre-Loch Lomond (Younger Dryas) Stadial sediments at these sites is

difficult to explain other than by suggesting that such sediments were removed when the cwms were

last occupied by ice (regional evidence suggests that this occurred during the Loch Lomond (Younger

Dryas) Stadial). Support for this hypothesis is provided by the nearby "outside" site of Llyn Gwernan

(Figure 7.2).

The stratigraphy at Llyn Gweman unequivocally demonstrates that this site has not been

glaciated since the decay of the Late Devensian ice-sheet. A succession of Late Devensian,

Lateglacial Interstadial, Loch Lomond (Younger Dryas) Stadial and early Flandrian deposits are

proven at this site by a combination of pollen- and litho-stratigraphical evidence (Section 4.4) and

radiocarbon dating (Section 5.4).
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Figure 7.3 Key pollen-, litho- and morpho-stratigraphical relationships
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Figure 7.3 summarises the key stratigraphical relationships at the site of Llyn Cyri which

lies at an altitude of 360 m O.D. in the western-most cwm of the Cader Idris mountain range. The

stratigraphical succession at this Site is of considerable significance for determining the former extent

of cwm glaciers in the area. Although moraines of fresh morphological appearance are absent from

the floor of this cwm, a protalus rampart occurs on the backwall of the cwm at Ca. 100 m above the

Llyn Cyri pollen site. Pollen- and litho-stratigraphical investigations of the Llyn Cyri site (Section

4.5) reveal a very similar succession to the Llyn Gwernan site, with a complete suite of Late

Devensian and Lateglacial sediments present (Figure 7.3). This stratigraphy indicates that Cwm Cyri

has not been occupied by a glacier since the decay of the Late Devensian ice-sheet. However, it

appears likely that the protalus rampart on the backwall of the cwm represents the former extent of a

permanent snowpatch which probably flourished during the Loch Lomond (Younger Dryas) Stadial.

Unfortunately, the proximal limits of this former snowpatch do not contain any suitable deposits to

determine whether or not this is the case.

7.4 The timing and effects of Lateglacial and early Flandrian palaeoenvironmental

change

The timing and effects of Lateglacial and early Flandrian palaeoenvironmental change

have been described in detail in CHAPTERS 5 and 6 and are summarised here in Figure 7.4. In

conjunction with the summarised points in Figure 7.4, the following general observations are made.

Pollen-, litho- and morpho-stratigraphical evidence each indicate that climatically

induced environmental change played a major role in the landscape evolution and vegetational

developments of southern Snowdonia during the Lateglacial and early Flandrian periods. Because

this dominant climatic influence clearly manifests itself in so many different aspects of the Lateglacial

stratigraphical record, the climatostratigraphic scheme of Lowe and Gray (1980) provides the most

natural stratigraphical framework for Lateglacial subdivision. In particular, the scheme allows for the

recognition that climatostratigraphic unit boundaries may be diachronous and also guards against

introducing "false" precision which can so often be implied from strict chronostratigraphical usage.
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Although climatic changes were the primary mechanism for effecting Lateglacial

palaeoenvironmental changes, botanical, faunal and lithological responses would each have varied in

intensity and timing. For example, it is questionable whether the Lateglacial vegetation ever attained

a straightforward and direct response to climatic change, owing to time lags introduced by

migrational, edaphic and competitive factors. Such factors undoubtedly exerted some influence on

the behaviour of woody taxa such as juniper and birch during the Lateglacial Interstadial.

Striking similarities exist in the overall vegetational succession between the Lateglacial

Interstadial and the early Flandrian. Both phases record a succession from pioneer herb communities

to grassland, followed by the proliferation of scrub juniper and the development of birch woodland.

However, radiocarbon dating of these successions suggest that such developments occurred much

more rapidly at the beginning of the early Flandrian than during the Lateglacial. The complex

relationship between Lateglacial vegetation, climate and other ecological factors is again apparent.

Although the early part of the Lateglacial appears to have been favourable for the rapid development

of the vegetation, this was curtailed from about 12,000 BP after which no significant developments

occurred until the revertence to open habitat communities during the Loch Lomond (Younger Dryas)

Stadial.

Despite a detailed palynological sampling programme and detailed lithological

descriptions through three Lateglacial profiles, no clear evidence was found to support the recognition

of an "Older Dryas" phase of climatic deterioration. Rather, this study suggests that climatic

instability and gradual climatic deterioration occurred after about 12,000 BP. It is possible that such

climatic instability is manifested in different ways outside the region, with individual sites providing

distinctive vegetational and lithological responses depending on local site factors such as altitude,

exposure, aspect, geology and basin morphometry. Given the current lack of resolution afforded by

radiocarbon dating it is not possible to confidently correlate such "lower order" responses to climate.
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7.5 Some recommendations for future research

Some specific techniques for future development are presented (7.5.1) and are followed

by a brief discussion of some key aspects of current and future Lateglacial research (7.5.2).

7.5.1 Specific techniques

Sub. aqua sampling techniques: this study has demonstrated the successful use of sub-

aqua divers for obtaining high quality sediment cores from the beds of upland lakes. In areas of

limited Loch Lomond (Younger Dryas) Stadial glaciation this technique might often provide the only

means of obtaining cores from "inside" sites. However, even in areas of former extensive Loch

Lomond (Younger Dryas) Stadial glaciation (e.g. western Grampians of Scotland) the technique could

be potentially useful for examining corrie lake basins. It is at such high altitude sites that the last

remnants of the stadial glaciers are likely to have survived and ultimately decayed. Studies of these

sites hold considerable potential for furthering our knowledge of the pattern and relative timing of

Loch Lomond (Younger Dryas) Stadial deglaciation in western Scotland.

Even in areas lying outside the former limits of Loch Lomond (Younger Dryas) Stadial

glaciation, this technique could also provide opportunities for studying high altitude Lateglacial

vegetational developments. Pollen analyses of high altitude sites might provide useful information on

minor Lateglacial climatic fluctuations which may not be apparent in more "sheltered" lowland sites.

Pollen analytical techniques: Quatemary palynologists routinely record the occurrence of

pollen and spores in their slide preparations but seldom record numerous other groups of

"miscellaneous palynomorphs" of potential stratigraphical and environmental importance. Included

in such groups are a large variety of fungal and algal remains. Algae such as Pediastrum and

Botryococcus can provide useful information on lake productivity (Cookson, 1953) whilst fungal

remains from inwashed soil horizons can provide important information on sediment recycling (Van

Geel, 1972, 1976, 1978, 1986). Such records could be used in Lateglacial palynology where evidence

for recycling has previously relied largely on pollen preservation studies (Lowe, 1982b). Pre-

Quaternary pollen, spores and dinocysts could similarly be applied more widely to assist in the
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recognition of recycling sensu Birks (1970, 1973). Although the stratigraphical use of Quatemary

dinocysts has been well documented in the marine record (Harland, 1977, 1983, 1988a, 1988b; Reid

and Harland, 1977; Gregory and Harland, 1978), their freshwater counterparts have received

relatively little attention (Harland and Sarjeant, 1970; Harland, 1971) and remain open to original

research.

Microsieving techniques: Although microsieving techniques are routinely used in the

palynological preparation of Pre-Quatemary material and have also been described by Cywnar et al.

(1979) for processing recent material, these techniques have yet to gain widespread acceptance and

use by Quatemary palynologists. This is unfortunate because microsieving is particularly effective in

the palynological processing of clay rich sediments which are often of most stratigraphical importance

and interest to the Lateglacial palynologist. The application of microsieving to those sections

previously described as being "non-polleniferous" or 'too time consuming to count" would

undoubtedly meet with some success in the recovery of pollen and spores.

7.5.2 Key aspects of current and future Lateglacial research

Lateglacial timescale: This study has illustrated the merits of applying radiocarbon

dating to a site of relatively high stratigraphic resolution, a point recently emphasised by Lowe

(1991). However, it can also be argued that the current limitations of the radiocarbon dating method

still present problems for achieving the required levels of accuracy and precision for a Lateglacial

timescale. Continued improvements in radiocarbon measurement technology, application and

interpretation are needed before this can be resolved, but most important is the need to accurately

calibrate the Lateglacial radiocarbon timescale against true calendar years.

Fundamental aspects of reproducibility and consistency of radiocarbon measurements

have recently been addressed (Scott eta!., 1986) and quality assurance procedures implemented to

ensure comparability both within and between laboratories (Cook et a!., 1990; Scott et a!., 1990).

Furthermore, accelerator mass spectrometry (AMS) dating has provided a major technological

breakthrough in the dating of small samples (Hedges, 1991) and has enabled the dating of different

organic components of a sediment (Fowler, 1985; Batten eta!., 1986; Lowe et a!., 1988). However,
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the calibration of the Lateglacial radiocarbon timescale against true calendar years still remains a

major obstacle to our understanding of the rates of Lateglacial environmental change (Pilcher, 1991).

The extension and refinement of the dendrochronological calibration curve beyond the current limits

reported by Becker et al. (1991) is likely to offer the most potential for ultimately resolving this

problem. If this is eventually achieved it could also help to resolve the magnitude of the so called

"plateaux effects" of constant age (potentially caused by decreases in atmospheric 14C) identified in

the Lateglacial by Ammann and Latter (1989).

Resolving minor climatic changes: Whilst the bio-, litho- and morpho-stratigraphical

expression of the Loch Lomond (Younger Dryas) Stadial has long been recognised, the recognition of

smaller scale climatic deterioration within the Lateglacial Interstadial (Older Dryas equivalent) has

been problematic. Detailed pollen analyses and lithological examinations in this current study failed

to find evidence of an "Older Dryas" climatic deterioration. This contrasts with the findings of

Walker and Lowe (1990) who presented bio-, litho- and chemo-stratigraphical data from a number of

Lateglacial profiles from the Isle of Skye which indicate possible short-lived climatic deteriorations

within the Interstadial. They argue that such events may have been of such low amplitude and short

duration that they only registered at sites where plant communities existed close to critical climatic

thresholds. If this was indeed the case, it is possible to speculate that the ecological and

geomorphological effect at marginal sites (disrupted vegetation and renewed erosion) may have been

negligible or non-existent at sites exhibiting high organic productivity and high stratigraphic

resolution (therefore accounting for the lack of evidence for an Older Dryas climatic deterioration at

Llyn Gweman).

A thorough review of all available palynological and lithological data from Lateglacial

Interstadial profiles throughout Britain may help to resolve this problem. We need to establish

whether or not there are any close links between sites exhibiting evidence of an Older Dryas event

and a wide range of variables. Such variables could include basin morphometry, catchment size,

altitude, geology, aspect, distance from the coast, organic productivity and stratigraphic thickness.

This type of review might help to establish whether or not the Older Dryas event was a widespread, or

local phenomenon. Determining the precise timing and synchroneity of such an event is likely to
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remain elusive in the short term and may have to await improvements in radiocarbon dating before

this can be achieved.

Inter-regional synthesis of Lateglacial vegetational history: This thesis has shown that

although climatic change exerted a major influence on Lateglacial vegetational developments it is

unlikely that this was a straight-forward relationship, because migrational, edaphic and competitive

factors each came into play at different times. Resolution of such influences is often difficult at the

specific site level, but when viewed in a regional context, spatial and temporal trends in vegetational

development may become apparent (sensu Huntley and Birks, 1983; Huntley, 1990).

A large database of Lateglacial pollen sites currently exists for the British Isles and

although pollen data quality and the available time-framework are highly variable, the data could

nevertheless lend itself to analyses in broad time-slices. Such a review could provide much new

information on the behaviour, response rates and key environmental factors which influenced the

development of the Lateglacial vegetation.
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APPENDICES

A.1 Pollen extraction techniques

Sediment samples were prepared for subsequent palynological analyses by maceration

with hot 10% potassium hydroxide; passed through a 180 pm sieve and then washed and centrifuged

in distilled water. Minerogenic samples were than sieved through a 10 pm micromesh nylon screen

to remove clays and fine silts whilst retaining pollen and spores. Silicates >10 pm were removed by

boiling in 40% hydrofluoric acid for up to 45 minutes. Any remaining colloidal silicon dioxide and

silicofluorides were then removed by washing in hot 10% hydrochloric acid.

Cellulose and other organic debris was greatly reduced by using Erdtman's acetolysis

mixture of 9 parts acetic anhydride to one part concentrated sulphuric acid (Erdtman 1960). Boiling

of a sample in this mixture for up to 90 seconds was normally sufficient for the removal of most

cellulose debris. After neutralising, a final micromesh sieving at 10 pm was used in order to remove

the finest remaining organic fraction.

Staining of the samples was undertaken in slightly alkaline water with a 0.1% aqueous

solution of safrarin and followed by centrifuging and decanting. Acetone was then added to

dehydrate the sample which was finally suspended in 2000 cs silicone oil (Andersen, 1960). This

concentrated suspension of pollen and spores was then left for 24 hours to allow for evaporation of

excess acetone. Slides for palynological examination were then prepared using 22 x 40 mm

coverslips.

A.2 Details of microsieving technique

Traditional pollen preparation techniques in Quatemary palynology have primarily been

designed for the processing of organic rich sediments, with hydrofluoric acid treatment being the

standard technique for removing silicates (Faegeri and Iversen, 1964). However, Lateglacial

253.



lacustrine sediments often contain high percentages of silt and clay which are sometimes difficult to

remove by hydrofluoric acid alone. Pollen counting of such samples can be a laborious and lengthy

process. Thus several additional methods of sample preparation were investigated as to their

suitability for removing mineral matter.

The use of sodium pyrophosphate for detlocculation of clays (Bates et a!., 1978) proved

to of be only limited success; for it required up to five washes before appreciable reduction in clay

content was noted (hence adding about one and a half hours onto the preparation time). The

technique of heavy liquid separation (Knox, 1942) was considered; but rejected in view of the

extreme toxicity of such liquids and the additional problem of possible clumping of mineral particles

leading to the loss of microfossils (Moore and Webb, 1978). Initial trials in the use of Pyrex Buchner

funnels with sintered glass filter plates were successful, but suffered a major drawback in being

difficult to clean in between sievings and effective cleaning of the filter plates required the use of the

extremely toxic and corrosive chromic acid.

Of the several techniques investigated to improve sample preparation of minerogenic

sediments the use of fine mesh microsieves proved to be the most effective and most easily used. The

method relies on the principle that the micromesh pores of the sieve are large enough to enable free

passage of clays and fine silts whilst being too small to allow the passage of pollen grains and spores

which are thus retained. Fine metal screens manufactured in electro-formed nickel are commercially

available but are extremely fragile and expensive. Cwynar et al. (1979), demonstrated the

effectiveness of durable and inexpensive fine mesh nylon screens, but the method appears to have

been relatively little used. Figure A.l illustrates the simple Construction and specifications of

microsieves used in this study.

The technique employed in this study was similar to that used by Cwynar eta!. (1979)

but important changes were made as a result of comparing the sieving efficiency at different stages of

the preparation and on the time taken to complete such a preparation. The two main modifications

concern the use of sodium pyrophosphate and the optimum stage for microsieving (Figure A.2).
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B present study

Figure A.2 Comparison of microsieving procedures.
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Cwynar et a!. (1979) used sodium pyrophosphate as the first stage in sample preparation.

but since this treatment is removing clays which in any case would pass through a microsieve, this

stage was found to be unnecessary. Disaggregation of samples by boiling in potassium hydroxide

with frequent vigorous stirring and then followed by coarse sieving at 180 im was found to be

adequate preparation for microsieving. Identical lithologies treated by these two different methods

showed the same percentage reduction in silts and clays after 10 minutes of microsieving.

Regarding the optimum stage for microsieving, Cwynar et a!. (1979) used microsieving

towards the end of the chemical preparation i.e. immediately following acetolysis. Although effective

at this stage, it was found to be less time consuming to use microsieving before hydrofluoric acid

treatment, since this removes clays and fine silts so that the hydrofluoric acid can proceed more

efficiently in the removal of the remaining silicate particles. These two modifications have typically

reduced the preparation by about 2 hours without reducing the effectiveness of the technique.

The microsieving technique involves simple gravity filtration with occasional addition of

distilled water to wash the clays through the sieve. In order to prevent the sieve pores from clogging,

the suspended sample is aggitated by constantly tapping the side of the sieve holder and by gently

rubbing the underside of the sieve. A 1 cm 3 clay-rich sample normally requires 5 to 15 minutes of

sieving when a 10 Mm microsieve is used and depending on the particle size distribution of the

sediment, typically reduces a samples weight by 70%-85%. When microsieving is complete, a fine

jet of distilled water is used to concentrate the remaining residue on the sieve, which is then carefully

poured back into a test tube for further chemical preparation. The microsieve was thoroughly washed

with distilled water inbetween successive preparations and regularly examined with a binocular

microscope at x200 magnification to check for sieve damage or trapped pollen and spores within

individual pores. However, the microsieve proved very easy to clean and trapped organic matter was

rarely observed.

The loss of very small pollen grains through a microsieve is possible, but Cwynar et a!.

(1979) demonstrated that such a loss is negligible (0.4% when using a 7 pm sieve). Even when a

10 pm sieve is used Cwynar et a!. showed that this percentage loss remains constant for major pollen

taxa such as Betula, Salix, Artemisia, Gramineae and Cyperaceae. In this study, comparisons of the
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same sample using microsieved and unsieved preparations showed no significant difference in the

percentage representation of all major taxa (300 TLP counted). However, when taxa occurred at less

than 1% TLP it was not possible to ascertain whether slight fluctuations were due to chance (i.e. the

pollen sum would need to be much larger) or whether they were due to actual loss through the sieve.

Comparisons in pollen counting time showed that unsieved samples could take up to six

times longer to count than microsieved samples. In one extreme case a 300 TLP count was easily

achieved from a microsieved prepared slide, but required eight slides to be made from the same count

when unsieved.

The advantages of microsieving may be summarised as follows:

(i) it significantly reduces the chemical preparation time, particularly at the hydrofluoric acid

stage and may therefore reduce possible chemical damage to the pollen and spores;

(ii) it enables samples to be quickly counted to statistically significant pollen sums;

(iii) it facilitates the recognition of pollen that might otherwise be obscured by mineral matter,

and

(iv) it enables the detailed examination of pollen spectra from basal clays which have

traditionally been the most difficult samples to examine.

The microsieving technique used throughout this study has yielded large amounts of

pollen and spores from even the most clay-rich samples. Microsieving merits more widespread use in

Quaternary palynology and has considerable potential for solving stratigraphical problems in

sediments which have previously been termed "non-polleniferous".
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A3 Pollen counting and identification

Pollen and spores were identified using a Vickers MI5C microscope at x400

magnification for routine counting and at xl000 magnification (oil immersion) for critical

identification. A phase contrast condenser was also commonly used. Counting proceeded along

whole slides by traverses at 1 mm intervals until a total land pollen (TLP) sum of at least 300 had

been reached. Pollen concentration and preservation throughout the study were generally good to

excellent. Unknown and indeterminate pollen were generally less than 5% TLP. Pollen

nomenclature follows Clapham et al. (1962) and pollen identifications are based on the keys of Faegri

and Iversen (1964); Erdtman, Berglund and Praglowski (1961) and Moore and Webb (1978) in

conjunction with an extensive reference collection of modem pollen and spore types. However, many

limitations exist in identification of pollen grains to different taxonomic levels of identification. It is

important to consider the possible considerable variation in type material, the necessity for lengthy

analyses under high power magnification and the subjective nature of certain identification criteria.

Thus although Betula, Salix, Rumex and Artemisia are commonly identified to the genus level, no

attempt was made to separate these down to more specific levels. The categories used in the pollen

diagrams may be defined as follows:

(i) Family name - where family identification is certain, but there is no sub-division into

genus e.g. Cyperaceae.

(ii) Sub Family name - where sub-family identification is certain, but there is no sub-division

into genus e.g. Liguliflorae.

(iii) Genus name - where the genus is certain, but where the species is unknown e.g. Betula.

(iv) Genus type - where the genus is not certain, but belongs to one of a specified group e.g.

Potentilla type.

(v) Species name - where the species identification is certain e.g. Polemonium caerulewn.
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