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summary.

The objective of this thesis is the elucidation of
the characteristics and chronology of vegetational
sequences that have accompanied changes in sea-level and
climate in the western Forth valley during the Late-
Quaternary.

A major aim of the investigations was to construct a
type diagram illustrative of regional Post-glacial veget-
ational development. In this disgram, from a site in the
westernmost part of the Forth valley, eight pollen zones
(Forth Valley Zones I - VIIT) each characterised by, and
named after, certain pollen assemblages are distinguished.
These are correlated with pollen zones of the English
zonation in diagrams from other sites in the research area.
Broad trends of Post-glacial woodland development are
indicasted in the type disgram and are divided into three
chronozones. The earliest of these covers the immigration
of trees into the region during the Pre-Boreal and Boreal;
the second relates to the Atlantic period, the time of the
climatic optimum when mixed broad-leaf deciduous forests
attained their maximum development snd raised bogs developed
in the western Forth valley; the third covers the period of
probable anthropogenic influence upon forest development.

Radiocarbon dates from Post-glacial deposits in the
western Forth valley fall within dasted Post-glacial pollen
zones 8t a site at Scaleby Moss in northern England,
suggesting that the pollen zones at Scaleby may be synchronous
14

with Forth valley zones. On this basis and until more C
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dates of Forth valley pollen zones become available, the
dated zonal divisions a2t Scaleby may be used as a temporary
chronological index for dating major vegetational events
during the Post-glacial. Until further radiocarbon
evidence is forthcoming, the pollen sssemblage zones and
chronozones at the type site provide & broad chronological
framework of major vegetational events with which other
pollen disgrams from sites in the area can be compared and
assessed.

At most of the sites investigated, some pollen spectra
are from minerogenic deposits from buried raised beaches
and marine clays laid down during former periods of high
sea-level. Pollen frequencies from these deposits are
indicative of regional vegetation that was contemporaneous
with the formation of the buried beaches and carse clays.
At one site, however, the deposition of river-borne pollens
into the sea has resulted in the over-representation of
alder in the carse clays in this locality. Other factors,
such as pollen selectivity by moving water, especially by
sea currents, and reworked pollen from older material
(apart from Pre-Quaternary spores from Devonian and Carbon-
iferous rocks in the region) are considered to be insig-
nificant, as pollen frequencies from the buried beaches and
carse clays are comparable to those from organic material
at the type site and at other sites investigated. Thus
pollen from ice-transported marine deposits of Zone II age
in Zone IIT terminel morsines at Menteith in the western
Forth valley and at Kinlochspelve in south-east Mull, are
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also considered to be representative of the vegetstion in
these sreas saround 11,800 B.P. and 11,300 B.P. respectively,
when sea-level was high, and this type of vegetation is
comparable to that which chsracterises Zone II at other
Scottish sites.

Changes in relative levels of land and ses in the area
gave rise to variations in soil conditions. These were
associated with changes in plant assemblages that have been
interpreted from pollen and stratigrasphic data. Falling
sea~-levels produced local vegetation successions from the
halophytic species characteristic of saltmarshes to fresh-
water marsh and swémp communities; but this sequence was
followed by retrogression as sea-level again rose.

Pollen evidence together with radiocarbon dates provides
a chronological framework which supported by geomorphological
evidence, can be used to date relative changes of sea-level
in the western Forth valley during the Late-Quaternary.

During the esrliest part of the period under consider-
ation, namely the Late-glacial Interstadial (Zone II),
sea-level was high in the westernmost part of the Forth
valley by about 11,800 B.P. The height of this sea-level in
relstion to the land is unknown. Around. 10,800 B.P., ice
of the Loch Lomond Readvance moved down the Forth valley to
Menteith where it culminated probably c. 10,300 B.P. This
event corresponded with the culmination of the main Late-
glacial marine transgression, represented by the Buried
Gravel Shoreline in south-east Scotland and, farther west,
by the High Buried Beach, when sea-level was between
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10 - 12m OD.

Subsequently, ice disappeared from the Forth lowlands
(and other parts of Scotlend) as a result of climatic
amelioration. Then during Zone F.V. 1 (the Pre-Boreal)
the sea rose snd the Main Buried Beach was formed. Pollen
evidence indicates that the sea transgressed swiftly into
the research area, reaching the western extremity of the
Forth valley before the end of Zone F.V. 1, and that the
influence of land uplift, consegquent upon glacial unloading,
upon the rise of this ses-level was insignificant.

Following the formation of the Main Buried Beach sea-
level dropped to about 7m 0D, when deposits of the Low
Buried Besch accumulated. This event took place during
Zone V (Zone F.V. 2). The level of the sea then fell
further, resching a minimal level c. 8,500 B.P. Shortly
after this dete, the sea began to rise rspidly in relation
to the land and carse clays began to accumulate over the
buried beaches and the peat deposits resting upon them.

This marine transgression, the principsal Post-glacial marine
transgression in the Forth valley, was in response to a
eustatic rise of sea-level resulting from the disintegration
of the world's ice sheets.

Geomorphological data indicate that the land wes rising
as the main Post-glacial see transgressed into the upper
Forth valley. A msjor objective of the thesis was to
determine whether the early rise of the sea at this time was
retarded by land uplift. Pollen evidence signifies that the
advence of the sea into the western Forth valley was relatively
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swift, beginning in Zone F.V.3 (Vla) and reaching the
western margin of the Forth valley by the beginning of

Zone F.V.4 (V1b). Thus the influence of isostatic recovery
upon the early rise of the main Post-glacial sea in this
region was insignificant.

However, the sea resched some sites at later times.
This may be explained by local variables related to differ-
ences in site conditions snd locations. These include the
rapid development, in relation to the rising sea, of peat
and the deposition of river-borne sands and gravels which
resulted in the surfaces of these deposits being raised
above sea-level until the ses rose and began to cover them
with carse clays. At other locstions carse clays, and
possibly fine river-borne sediments, accumulated, resulting
in the raising of the level of these clays above the éea.
Subseguently, peat deposits were formed upon them until the
sea rose and began to cover these minerogenic and organic
layers with carse clay. At some sites sands and gravels
were discharged into the sea by streams and were built up
above sea-level. Later, these minerogenic deposits were
buried beneath csrse clays as the sea rose.

These local variables focus attention on some of the
difficulties of attempting to correlate isolated fragments
of relict marine features in the western Forth valley, but
it is hoped that the data presented in this thesis may be
of use as a basis for further resesarch into problems relating
to Post-glacial land and sea-level changes, particularly in
the central Scottish lowlands.
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Introduction.

This thesis is concerned with the physical evolution
of part of the Forth vaelley, especially the characteristics
and chronology of the vegetational sequences that have
accompanied changes in sea-level and climate in this part
of Scotland in the Late-Quaternary.

The research area is situated in the Central Lowlands
of Scotland and is located within a broad plain, locally
referred to as carselsnd, in the western part of the Forth
valley. The carse, drained by the River Forth and its
tributaries, extends eastwards from the vicinity of the
Highland mergin to end between Grangemouth and Bo'ness,
and its geomorphology reflects some of the principsl events
of the Late - and Post-glscial periods in this part of
lowland Scotland. The western part of the plain is almost
enclosed by a belt of morainic deposits, the Menteith
moraine, produced by the last incursion of Highlend ice,
the Loch Lomond Readvance, into this area. The carse is
associated with a major Post-glacial marine transgression
which culminated about 6,500 B.P. and which laid down a
widespread deposit of grey clay known locslly as carse clay.
With intermittent retreat of the sea extensive peat mires
developed over the higher parts of the ill-drsined carse
surface, although in modern times man has removed much of
the peat and the underlying carse hss been transformed into
valuable farmland. Concealed beneath the carse clay,
numerous borings have revealed the existence of near-
horizontal surfaces each with a covering of peat and each
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representing a much earlier position of the sea. These
surfaces rise like 3 series of steps from the buried channel
of the Forth and are known as the Low, Main and High Buried
Beaches.

This thesis is an investigation of the chronology and
related characteristics of these events in the physical
geography of the western Forth valley and it attempts in
particular to elucidate vegetational development which
accompanied changes in sea-level. Additionally an attempt
is made to interpret and correlate vegetational development
which accompanied Late-glacial marine conditions in the
western Forth valley and in a small area in south-east Mull,
situated west of the Scottish mainland. The methods utilized
in this research are those of pollen analysis, stratigraphical
examination and radiocarbon assay.

The thesis is presented in six parts. In Part 1 the
physical evolution of the western Forth valley is outlined.
Part 2 deals with the choice of the pollen sites, followed
in Part 3 by a description of the research methods and
techniques used. In Part 4 the stratigresphic and pollen
data from each site are presented, which are then discussed

in Part 5. A summary of this discussion is given in Part 6.



PART 1.

The Evolution of the Research Area with Particular

Reference to Geomorphology and Vegetation.




Y Cutline of the Geography of the Research Area.

The research area is located within that part of the
western Forth valley which extends from near Bo'ness west-
wards for about 43Km (Fig. 1). The western Forth valley
is an extensive tract of lowland floored mainly by 014 Red
Sendstone and Carboniferous sedimentary rocks. It termin-
ates near the edge of the Scottish Highlands and is bounded
by various hill masses, notably the Menteith and Ochil Hills
and the Campsie Fells. At Stirling the volcanic rocks of
the Ochils and Campsie Fells are separated by a narrow gap
which forms the major link between two parts of the Forth
valley.

The region is drained by the River Forth, which rises
in the south-west Grampians. The Forth flows eastwards
across the Carse of Stirling and is Jjoined by numerous
tributaries, the most notable being the River Teith and
the Allan water which enter the Forth just west of Stirling.
After threading through the Stirling gap, the Forth meanders
“to become increasingly pronounced snd the river widens to
become the inner tidal Forth estuary into which flow the
Carron and Avon rivers.

The hill areas mentioned above bound an extensive low-
land plain whose surface is mostly below 15m OD. This
plain is composed of estuarine deposits collectively known
as the carse clays. From Grangemouth westwards to Stirling,
a distance of about 17Km, the carse varies in width up to
several kilometres, but is greatly constricted in the Stirling
gap. West of Stirling the carse forms a broad flat plain
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Map showing the location of the pollen sites inthe western part of the Forth Valley
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called the Carse of Stirling which is about 27Km long
with & maximum width of spproximately ©Km. In the west,
this brosd plein is interrupted and almost divided by the
Menteith moraine.

In the westernmost part of the Carse of Stirling are
extensive peat bogs, the largest of which sre East Flanders
Moss, West Flanders Moss and Gsrtrenich Moss. Parts of
the latter Mosses, however, have already been afforested
and other parts are in preparation for afforestation.

Iast of these mosses the primeval vegetational landscape

has been profoundly altered. The original forests have
long been cleared as a result of agricultural and industrial
exploitation while former large areas of peat moss have been
removed and the ground brought under cultivstion.

In the Forth lowlands are a variety of landforms
associated with Late-Quaternary glaciation. The most out-
standing glacially-deposited landform in the western Forth
valley is the Menteith moraine. This feature is a complex
arcuate ridge system, asbout 20Km long, which encloses the
westernmost part of the Forth lowland. Immediately west of
the moraine is the Laske of Menteith which occupies and defines
a large kettlehole. At Stirling occur kasmes and kettleholes
which eastwards merge into, snd are replaced by, @ spread of
outwash sands and gravels, this in turn grading into raised
beach flats. Yet farther east, outwash sand and gravels
merge into deposits of the Msin Perth Rsised Beach which forms
an important feature near Plean (NS 837864), while a similar
relationship is seen around Larbert. In the easternmost
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part of the research area is the Polmont esker system,
which forms a distinct series of ridges not far from the
flat carseland of the Grangemouth ares.

Compared with many other parts of Scotland, the Forth
valley is favoured climatically, having less rain snd cloud.
Except on high ground rainfall is not excessive and is evenly
distributed over the year with a tendency to z minimum in
April snd a msximum in August. Precipitation is mainly
frontal rain associated with eastward moving depressions,
hence there is a decrease from west to east. Thus Gartmore
in the western extremity of the Forth valley receives an
annual average rainfall of 1,800mm, while the Grangemouth
area receives 900mm of rain per snnum.

Temperatures reflect the mild oceznic climate of the
Forth lowlands. Stirling has an average January mesn of
3.400 and a July mean of 15.500. The early summer months
are the sunniest, receiving an average maximum of 174 hours
of sunshine in May. During the winter months, sunshine
totals are low, reaching an average maximum of 29 hours in
December. The length of the annusl growing season for
vegetation in that part of the lowlsnd plain in the research
area is about 8 months.

The region is divisible into climatic "sub-regions"
on the basis of accumulated temperature data (Birse and
Robertson, 1970). Thus the carseland from Grangemouth to
Stirling is classified as moderately exposed, rather dry and

warm lowland with fairly mild winters. West of Stirling
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to Kippen (NS 690948) the carse is classified as warm
moist lowland; from Kippen westwards to the western edge

of the Forth valley, as warm wet lowland.



Loige, Outline of the Geomorphology of the Western

Forth Valley.

The research presented in this thesis relates to
events associated with the later stages of the decay of the
Devensian ice sheet, and in particular to events that occurred
after the ice finally disappeared from the westernmost part
of the Forth valley, about 10,000 years ago.

During the last glacistion the whole of Scotland (snd far
beyond) was ice-covered, apart perhaps from the highest
mountain peaks (Sissons, 1967b). The decay of this ice was
interrupted by readvances. In the research area Simpson
(1933) claimed to have recognised two reasdvances; the earlier
one he named the Perth Readvance, the later (and less exten-
sive) one, the Loch Lomond Readvance.

That the Perth Readvance was a major episode in Scottish
Late-Quaternary history seems doubtful. Simpson could find
no precise stratigraphic evidence for the readvance limit in
the Forth valley, or elsewhere. Leter, Francis et al (1970)
found no evidence of a major readvance in the Stirling area
and considered that the features attributed to the so-called
Perth Readvance, which have been described by other workers
(Sissons, 1962a, 1963a; Sissons and Smith, 1965a; Sissons,
Smith and Cullingford, 1966), could be explained by a stand-
still period during the melting of the last great ice sheet,
possibly accompanied by a minor oscillation of the ice front.
In the Perth district, Paterson (1973) found convincing
evidence of a readvance only at Moneydie, where an oscillation
is represented by two till layers separated by laminated
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sediments. He considered that this readvance was a local
event as no second till layer was found elsewhere. According
to Paterson, the evidence from the Perth and Forth areas does
not support the concept of the Perth Readvance proposed by
Simpson (1933), but indicates the probable occurrence of
localised readvances of ice during the general retreat of a
major ice sheet.

Widespread deglaciation is indicated by radiocarbon and
stratigraphic evidence. Radiocarbon dates of between about
13,000 B.P., and 11,800 B.P. have been obtained from shells in
Late-glacial marine clays in the Glasgow area (Bishop and
Dickson, 1970; Peacock, 1971). These dates may be considered
in relation to a date of 13,940 + 250 B.P. from organic
deposits between Late-glacial sands and silts near Lockerbie,
Dumfriesshire (Bishop, 1963); a date of 12,810 + 155 B.P.
from silty organic materisl at Loch Droma (Kirk snd Godwin,
1963) and dates of 11,800 + 180 B.P. and 11,580 + 180 B.P.
from peat beneath clay at a site in south-western Scotland
(Moar, 1969). In addition, dates of 11,800 + 170 B.P. snd
11,700 + 170 B.P. have been obtained from ice-transported
marine shells in morainic deposits at Menteith and Loch Lomond
respectively (Sissons, 1967a). The Loch Droma date with
'pollen and iodine analyses of lake deposits at Lochs Sionascaig
and Tarff in north-west Scotland, suggest that these locations
became ice-free by about 13,000 B.P. (Pennington and Lishman,
1971 ). On the basis of this evidence it may well be that
the whole of Scotland became free of ice before the Loch
Lomond Readvance. Support is provided by evidence reviewed
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by Sissons (1974c), which suggests thst total deglaciation
of Scotland, and other parts of Britain, occurred by 12,500
B F.

The shelly marine deposits in the Menteith moraine
attest the presence of the sea in the Forth valley during
this milder phase. These marine shells, along with those
from the Loch Lomond moraine, consist predominantly of
boreal and sub-arctic species, which include Arctica

islandica, Buccinum undatum and species of Tridonta,

Littorina, Mytilus, Chlamys and Nuculana (Jemieson, 1865;

Jack, 1875; Simpson, 1933; Gray and Brooks, 1972).

These shells and the radiocarbon dates of 11,700 B.P. and
11,800 B.P. obtained from them, indicate that they are
related to one marine phasse and further indicate lower sea
temperatures than at present.

The location of these shelly marine deposits in
morainic debris in the Loch Lomond and Menteith sress also
furnishes proof of a readvance of ice following this mild
phase. This forward movement of ice - the Loch Lomond
Readvance - rarely extended beyond the margins of the up-
lands and no large ice sheet was formed; 1instead numerous
valley glaciers existed in many parts of Scotland. The
limit of the ice in the Forth valley is very clearly defined
by the Menteith end-moraine complex and the absence of
surface morainic deposits east of this festure, criteris
which also define the 1imit of the Loch Lomond Readvance
in the Teith valley adjacent to the Forth lowlands (Thompson,
1972).
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The Menteith morsine extends for 20Km, forming an
arcuate loop from 10Km west of Buchlyvie to the Port of
Menteith, and almost encloses the western Forth lowlands.

At its western extremity the moraine forms s low ridge at
about 245m OD and largely consists of anguler blocks of
Highland erratics. The moraine declines in altitude to
approximately 60m OD at Buchlyvie, where it is composed of
mounds and terraces of sand and gravel. Eastwards, near
Arnprior, the moraine turns northwards and forms a con-
spicuous ridge system immediately east of the Lake of
Menteith. In this locality the morsine is breached by

the River Forth. The deposits in this part of the moraine
are exposed in a section by the shore of the Lake of Menteith.
Here Simpson (1933) recorded ?m of dark grey clay containing
marine shells which are overlain by about 9m of sands and
gravels. From this evidence Simpson inferred that the ice
flowed into the sea, which he decided stood at about 19m OD.
This figure is no longer considered vslid ss it is now known
that the grey clay was ice-transported snd is not in situ.

The age of the Loch Lomond Readvance was established
by Donner (1957) through pollen analysis. At Donner's
Drymen site, situated outside and between the Loch Lomond
and Menteith ice lobes, Late-glacial pollen Zones I, II and
IIT are represented; at his Gartmore site, within the limit
of the Menteith ice, these zones are not recorded, the pollen
sequence beginning with the esrliest Post-glacial zone, Zone
3 51 On this basis Donner concluded that the Loch Lomond
Readvance occurred during Zone III between asbout 10,800 B.P.
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and 10,300 B.P.

Sea-level at the maximal extent of the Zone III ice
in the Forth valley was lower than Simpson (1933) envisaged
(Sissons, Smith and Cullingford, 1966; Sissons, 1966).
The relative height of the ses has been assessed from out-
wash fans of send and gravel in the vicinity of the Menteith
moraine. One such outwash area is located at Powis Mains
near the south-east corner of the Laske of Menteith, approx-
imetely 2Km north of where the Forth has breached the moraine.
At this locastion, kemes and dead-ice hollows are succeeded
eastwards by the outwash plain which declines down-valley
from around 2%m OD, through a breach in the moraine, to about
10m OD passing beneath peat and carse clay. Another outwash
plain occurs near Arnprior. Here a valley excavated by
meltwaters from the Zone III ice (Sissons, Cullingford and
Smith, 1965) cuts deeply into the moraine. From this
depression the buried outwash plain extends north-easstwards
along the valley floor declining in altitude to about 1llm
OD. The outwash deposits must hsve been laid down during
the time the ice stood at the morsine, for if the ice had
retreated, the configuration of ground exposed would have
disrupted the supply of meltwater, preventing the growth of
these outwash deposits. Farther east a large buried out-
wash fan spreads out into the Forth velley from the mouth of
the Teith wvalley. As this fan is buried beneath later formed
buried beach snd carse deposits, like those at lMenteith, this
outwash deposit was probably also initisted by meltwaters
associated with Zone III ice (Kemp, 1971).
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Subsequent to the maximum of Zone III ice, 8 sequence
of three buried raised beaches were formed in the Forth
valley. These features were first identified by Sissons
(1966) in the western part of the Carse of Stirling, and
subsequently east of Stirling (Sissons, 1969; Kemp, 1971).
Before Sissons' detailed investigations, sub-carse morph-
ology had received scant attention, Jamieson (1865) and
Geikie (1894) suggesting that silty clay deposits under-
lying sub-carse peat may be buried beach deposits.

The buried beaches, referred to in descending and chron-
ological order as the High, Main and Low Buried Raised Beaches,
are distinctive features on both sides of the Forth river;
each being differentiated by altitude and composition
(although 2ll are highly micaceous). The surface of each
feature is overlain by s layer of peat of variable thickness.
The beaches and associated pest deposits were subsequently
buried beneath carse clay during a later transgression and
have been isostatically uplifted.

The highest beach, the High Buried Raised Besach, is not
found inside the Menteith moraine, but extends eastwards
from it South of the Forth this besch extends horizontally
with a shoreline at about 12m OD for a distance of 3Km down-
valley from the moraine. The southern margin of the beach
ends sbruptly against steeply-rising ground, which also limits
the carse at a higher level. From its shoreline at approx-
imsetely 12m OD, the High Buried Beach declines northwards to
about 10m OD at its northern margin. North of the Forth
this beach extends eastwards from the Menteith morasine for
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some 5Km, its shoreline declining from about 12m to spprox-
imately 10m OD; its slope perpendicular to the shoreline
being as much as 2m.

Farther down-valley towards Stirling the High Buried
Beach is missing slong the northern side of the Forth low-
land. Kemp (1971) has suggested that beach formation was
prevented by outwash being discharged from the Teith, as
deposits of the High Buried Beach do not overlie the Teith
outwash fan. FEast of Stirling the High Buried Beach is
poorly represented, a relatively small fragment being located
beneath the carse between Abbey Craig and Menstrie north of
the Forth. In this area the shoreline altitude of the
feature is between roughly 10 and 8m OD, the buried beach
declining to about 7m OD st its seawsrd margin.

The surface of the High Buried Beach is interrupted by
small shallow valleys. In these minor depressions peat,
which elsewhere overlies the beach surfasce, is missing.

Kemp has suggested that these festures are small river channels
comparable to those which traverse present coastal mud-flats.
Similar small river channels cross the surfaces of the lower
beaches.

The upper few centimetres of the High Buried Beach
consist of grey silty sand beneath which is coarse sand with
a8 distinctive pink or psle brown colour. The grey layer is
presumed to owe its colour to westhering or leaching, while
the characteristic pink colour of the lower layer is derived
from 0ld Red Sandstone bedrock in the western Forth valley,
or from Old Red Sandstone drift which is sbundent in the
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west-east part of the Menteith moraine (Sissons, 1966). The
commonest heavy minersl constituent of the High Buried Beach
is garnet, probably derived from the breakdown of schistose
Highland rocks (Kemp, 1971).

The sge of the High Buried Beach, has been determined on
geomorphic evidence (Sissons, 1966), but awaits confirmation
by 614 and pollen datings. As intimated above, sea-level
was about 12m OD during part of the time decaying ice at the
Menteith morsine discharged outwash into the sea. At this
location the outwash passes beneath deposits of the High
Buried Beach, the shoreline of which is between about 11 and
12m OD. This evidence, and the fact that the High Buried
Beach is not represented west of the Menteith moraine,
indicate that the beach was formed during the time ice was
decaying at the moraine. As the latter event probably
occurred around 10,300 B.P, it sppears that the High Buried
Beach ceased to form about this time. In addition, as the
altitude of the High Buried shoreline is slightly higher than
that of the outwash deposits, it also appeesrs that sea-level
rose after they were formed.

A sample of peat immediately overlying the High Buried
Beach at Wester Kerse (IS 652000) on the north side of the
Forth was analysed for pollen by Newey (see Kemp, 1971).
Although the peat was poor in pollen, the predominance of
Betula, with Corylus of secondary importance, and g few grains
of Ulmus and Quercus, led Newey to conclude that this orgenic
deposit was formed during the latter part of Zone V. This
zone has been radiocarbon dated as between about 9,700 B.P.
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and 8,800 B.P. (Godwin, Walker and Willis, 1957). Thus the
peat overlying the High Buried Beach at Wester Kerse was
formed much later than the beach, and is therefore of no
use in dating this feature. In addition there was no
pollen evidence of saltmarsh conditions which characterise
the basal peats overlying the later buried beaches in the
western Forth valley (Newey, 1966; Brooks, 1972).

At its northern margin the High Buried Beach falls
quite sharply and is often separated from the Main Buried
Beach by 2 small but distinct bluff sbout 0.5 to 1l.5m high
(8issons, 1972). Unlike the High Buried Beach, the Main
Buried Beach is represented and widely developed west of
the Menteith morsine. In this sarea the beach extends for
approximately 7Km and slopes in an eastward direction. On
both sides of the Forth the Main Buried Shoreline is gener=
ally between 10 and 1lm OD and slopes towards the Forth to
between about 8 and 9m OD. East of the Menteith moraine
the beach is extensively developed on both sides of the
Forth. On the south side of the river it is treceable
over a distance of approximately 28Km, extending past
Stirling and ending near Falkirk. In this latter area the
buried shoreline is at about 7m OD snd the beach slopes north-
wards to nearly 5m OD at its northern margin. On the north
side of the Forth, esst of Stirling, the Main Buried Besch is
not extensively developed, extending eastwards for about 4Km
from Abbey Craig to Menstrie. The altitude of this beach in
this ares is between about 7 and 6m OD and slopes towards the
Forth. Linear regression of the altitudes of the Main Buried
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shoreline south of the Forth gives this feature an overall
down-valley gradient of 0.146m/Km. There are, however,
distinct variations of gradient of this shoreline west of
Stirling (Sissons, 1972). Within the lMenteith moraine the
shoreline has a calculated down-valley gradient of 0.092m/Km
over 7Km. Immediately east of the moraine the shoreline is
Im lower than within it, and is essentially horizontal (the
calculated up-valley gradient being 0.004m/Km over 4Km).
EBEastwards for approximately 8Km the shoreline gradient is
0.115m/Km down-valley. It then descends nearly 1l.5m in a
distance of about 1Km, thereafter becoming horizontal for
about 5Km towards Stirling. It is suggested that these
variations of gradient are reflective of dislocations caused
by variable uplift (Sissons, 1972). The possibility that
these gradients represent more thsan one shoreline of different
ages was tested by Brooks (1972), whose pollen investigations
at sites situated on both sides of a major dislocation a few
kilometres west of Stirling indicated that the buried beach
fragments examined were approximately synchronous and re-
lated to the Main Buried Beach.

The Main Buried Beach is composed of fine grey sediments.
The top few centimetres of the beach usually consist of silt
or clay with occasional thin bands of silty fine sand, the
latter becoming more numerous downwards until they comprise
the whole deposit, apart from occasional thin bands of silt
and clay. The mineral constituents of this beach are similar
to those of the High Buried Beach, with the exception that
muscovite is a characteristic component. The mics is
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considered to be representative of the end product of the
decomposition of Highland ice (Kemp, 1971).

The occurrence of smaell river channels on the surfsce
of this beach has already been noted. In some of these
minor channels on this beach marine shells are found, the

commonest being species of Cardium, Mytilus and Ostrea,

which were probably deposited during the later carse trans-
gression. Pollen evidence, however, indicates that the
Main Buried Beach accumulated under marine influence, during
which time saltmarsh vegetation existed (Newey, 1966; Brooks,
1972

Radiocarbon dating of the Main Buried Beach in the Forth
valley has at present not been attempted, as this beach and
its peat cover are buried beneath carse clay and are nowhere
exposed, thus precluding the collection (with the equipment
available) of uncontaminated samples for radiocarbon assay.
Pollen evidence indicastes, however, that this beach ceassed
to accumulate in the western Forth valley between asbout late
Zone IV and the beginning of Zone V (Durno, 1956; Newey, 1966;
Brooks, 1972). The IV/V boundary has been radiocarbon dated
elsewhere at about 9,500 B.P. (Godwin, Walker snd Willis,
1957), thus the Main Buried Beach cessed to accumulate at
about this time. This date accords with a date of 9,640 +
140 B.P. from basal pesat beneath carse at a section near
Perth (Callow and Hassall, 1970).

The sbove evidence shows that the Main Buried Beech was
formed at a later date than the High Buried Beach. As the
characteristic grey deposits of the former festure have s
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sharp upper limit, it appears that the Main Buried Beach was
formed as a result of a marine transgression.

Towards the Forth the margin of the Main Buried Beach
is fringed by the shoreline of the Low Buried Beach. The
former beach generally slopes gently towards the latter but
in places, for example near Arnprior, the Main and Low
Beaches south of the Forth are separated by a sharp bluff of
about 3m. The Low Buried Beach extends west of the Menteith
moraine, but in this area it is not well developed, being a
narrow feature, the surface of which is between about 7 and
8m OD. Eastwards from the moraine the Low Buried Beach is
more widespread, in places forming a continuous feature a
few hundred metres broad, sloping towards the Forth from
approximately 7 to 6m OD. North of the Forth the altitude
of the beach is rather higher, declining southwards from
about 8 to 7m 0OD. East of Stirling the Low Buried Beach is
poorly represented north of the Forth, extending for about
4Km between © and 7m OD from Abbey Craig to Menstrie. Like
the Main Buried Beach in this area, the surface altitude of
the Low Buried Beach increases slightly from west to east as
a result of beach build-up by sediment from adjacent rivers.
On the south side of the Forth, east of Stirling, the Low
Beach is a very extensive feature, extending from Stirling
down-valley to the Rosehill - Kersebrook - Blairs ares,
where its surface altitude is approximately 5m OD.

About the top metre of the Low Buried Beach is composed
of sticky grey silt and clay which contsin innumerable
vertical stems of reeds that merge upwards into the overlying
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peat. Downwards, the grey clay merges by aslternation into
grey silty fine sand.

Pollen snalysis at a site near Kippen shows thst the Low
Buried Beach ceased to accumulate during the upper part of
Zone V, In northern Englsand this zone lasted from spprox-
imastely 9,500 B.P. to 9,000 B.P. (Godwin, Walker and Willis,
1957) snd if these dstes are applicable to the Forth area,
the Low Buried Beach deposits probably ceased to be laid
down shortly before 9,000 B.P. A radiocarbon date of 8,690
4+ 140 B.P. from the base of the peat at this site, however,
indicates a slightly younger age. The difference between
the pollen and radiocarbon evidence may be due to the lack of
synchroneity between the pollen zones in the Forth valley and
those in England, while the peat must be younger than the
beach on which it rests. An age of about 8,800 B.P. for the
beach seems a reasonable compromise. The above evidence
demonstrates that the Low Buried Besch is younger than the
Main Buried Beach, but evidence that the former feature was
formed as a result of 2 marine transgression is not clear;
however, it is probable that such was the case rather than s
relative halt or standstill of land and sea (Sissons and
Brooks, 1971).

Teking into consideration the dates of the Main and Low
Buried Beaches, it appears that these features were formed
within sbout 1,500 years of the time the ice stood at the
Menteith morsine. The distinctive composition of these
beaches, which is quite different from the overlying carse
deposits, may be related to the westing away of the Zone III
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ice mass.

The Low Buried Beach and overlying peat slope gently
towards the Forth. West of Stirling these deposits are
missing in a central belt roughly 400m to 1lKm wide, which
broadly follows the present course of the Forth. Within
this belt, carse clay is much thicker than elsewhere and
downwards the clay alternates and is partly mixed with sand
and marine shells. This evidence indicates that, following
the formetion of the Low Buried Beach, sea-level fell and
was restricted to a relatively narrow estuarine channel.

As mentioned above, the Low Buried Beach probably ceased to
accumulate around 8,800 B.P.; thus the sea had probsbly
become restricted to the now buried estuary a short time
later, probably reaching its minimal level about 8,500 B.P.
(Sissons, 1966).

Subsequent to the sea being restricted to the buried
estuary, a major transgression occurred which resulted in
the Low, Main and High Buried Beaches and associated peat
deposits being buried beneath carse clay. Buist (1841)
was the first to recognise this marine transgression in the
Tay and Earn valleys, slthough it was Jamieson (1865) who
first realised the broasder significance of this event in
Scottish Quaternary history.

The carse clay is the most extensive marine deposited
feature in eastern Scotland, giving rise to widespread low-
lying plains in sheltered coastal areas. The most well-
developed carse areas are located in the Firths of Forth and
Tay. In the former area the carse clay extends the whole
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length of the western part of the Forth valley and penetrates
numerous tributary valleys. In the less sheltered parts
of the lower Forth estuary carse clay is not extensively
developed, being chiefly located in embayments such as
Aberlady Bay and the Tyne estusry on the East Lothian coast.

In the western Forth velley Durno (1956) found no evid-
ence of carse clay at a site at West Flanders Moss and
considered that clay underlying peat at Blair Drummond Moss
to the east was not related to the carse. On this basis
Durno (1958) inferred that the maximum westerly extent of
the carse clay was between West Flanders and East Flanders
Mosses, despite earlier evidence to the contrary. This
anomalous situation was resolved by Sissons snd Smith (1965b)
who showed that two roughly circular areas of peat in East
and West Flanders lMosses rest on buried beach deposits and
are surrounded, but not penetrated by, carse clay. I'rom
this evidence Sissons and Smith argued that on the withdrawal
of the sea from the buried raised beach, peat developed over
the beach surface and, probsbly assisted by isostatic recovery,
was able to maintain itself during and after the main Post-
glacial transgression which deposited the carse clsy.

The carselands are elevated mudflats usually composed
of silt and clesy with a very small amount of sand and are
generally free of stones, although sand and gravel layers in
carse clay commonly occur at the mouths of former snd present
stream courses. About the top metre of the carse clay is
often tougher than that underneath, which consists of very
soft wet blue-grey mud often referred to as "sleech".
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These deposits often contain abundant decaying vegetable
matter resulting in the sleech having a foetid odour.

The marine origin of the carse deposits has long been
recognised by the abundance of marine shells they contain
in some places (Sibbasld, 1707; Blackadder, 1824; Jamieson,
1865; Turner, 1869; Foord and Kidston, 1890; Geikie, 1894;
Dinham, 1927; Smith, 1972), among the commonest being species

of Cardium, Ostrea, Cyprina, Littorina, Trophon, Mytilus,

Buccinum, Scrobiculsria and Cerastoderma. In addition

skeletons of whales embedded in the carse have been recorded
(Bald, 1811; Drummond, 1824; Milne-Holme, 1871; Morris,
1892) as well as seal skeletons (Dinham, 1927) at various
locations in the western Forth valley. More recently
evidence of marine conditions has been supplemented by pollen
analysis which indicates that saltmarsh vegetstion existed

as the carse clay was laid down (Newey, 1966; Brooks, 1972).

In addition a seed of Suaeda maritima has been found in

carse clay at Flanders Moss (Dickson, 1971). Yet further
evidence of marine conditions is furnished by foraminifera

such as Milismmina fusca and Jadammina macrescens, both

characteristic species of inter-tidal marsh environments,
in the carse clay at Tentsmuir in north-eastern Fife
(Chisholm, 1971).

At its western extremity, the maximum altitude of the
carse clay is almost 15m OD while in the east, at the mouth
of the Tyne, it is about 6m OD. Linear regression of the
altitudes of the carse clay south of the Yorth gives this
shoreline an overall esstward gradient of about 0.067m/Km
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(Sissons, 1972).

After the culmination of the carse transgression, which
is represented by the Main Post-glacial Beach (named PGl,
Sissons, 1967b), sea-level began to fall to its present
level. This retreat, however, was marked by halts,
distinguished by breaks of slope in the surface of the
carse clay (Geikie, 1881; Read, 1959). These breaks of
slope were later recognised as a sequence of three beaches
lower than PGl and which were first identified in the carse
surface in the Grangemouth - Stirling area. The beaches,
named in descending order PG2, PG3, PG4, are sometimes
differentiated by small but distinct bluffs, but are usually
distinguished only by accurate and detailed levelling
(Sissons, 1967b). These beaches are also present in the
carse clay north of the Forth and with the exception of PG4
are represented west of Stirling (Smith, 1968). Measure-
ments along these beaches show that all slope eastwards with
decreasing gradients. South of the Forth PG2 and PG5 have
very similar gradients close to 0.06m/Km; that of PG4 is
about 0.00%3m/Km (Sissons, 1967b). North of the Forth the
gradients of PG2 and PG3 are close to 0.04m/Km and that of
PG4 is at aboﬁt 0.01lm/Km (Smith, 1968). Followed westwards
each shoreline gradient increases and merges into the one
above, suggesting sedimentation as sea-level was falling.
The presence of an occasional thin bsnd of peat beneath the
carse clay of the lowest beach, PG4, is apparently indicative
of a slight transgression, but as yet it is unknown whether
PG3 and PG2 were similarly formed (Sissons, 1967b).
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The age of the carse clay has and still does command
great interest. A radiocasrbon date of 8,270 + 160 B.P.
from peat immediately beneath carse clay at a site near
Kippen (Sissons, 1966) indicates that by that date the
eustatic rise of sea-level which initiated the carse trans-
gression was already in progress. Near Airth, between
Grangemouth and Stirling, a sample of pest immediately
beneath carse clay gave a date of 8,421 + 157 B.P. (Godwin
and Willis, 1961) which is similar to the upper date from
Kippen and confirms that the carse clay began to be de-
posited at this site after this date. In the light of the
above evidence a radiocarbon daste of 3,249 + 160 B.P. from
peat beneath carse clay at Littleward, near Kippen (Godwin
and Switzur, 1966), sppears anomslous.

Evidence relating to the termination of the carse
transgression is more abundant. At a site at Ochtertyre
Moss, pollen analysis shows that peat began to develop over
carse clay at this location during sub-zone V1lb (Erdtman,
1928), which according to radiocarbon dated zones elsewhere
(Godwin, Walker and Willis, 1957) is between about 4,900
B.F. and 2,500 B.L. A pollen disgram from a site at West
Flanders Moss (Turner, 1965) shows that peat at this
location began to develop over the carse clay during sub-
zone Vlla. From the base of this peat a radiocarbon date
of 5,492 + 130 B.P. was obtained (Godwin and Willis, 1962)
which was, until recently, accepted as the date for the end
of the carse sea. This date accords with that of 5,535 +
160 B.P. obtained from shells in the highest Post-glscial
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raised beach at Aberlady Bay (Smith, 1972). A radiocarbon
date of 6,490 + 125 B.P. was obtained from basal peat over-
lying the Main Post-glacial Raised Beach st a site in the
southwestern part of West Flanders Moss (Sissons and Brooks,
1971). This dste indicates that the carse clay ceased to
accunmulate much earlier than 5,500 B.P. The revised age
of this feature accords with dates of 6,645 + 120 B.P. and
6,150 + 120 B.P. from deposits overlying stratigraphic
equivalents of the carse clay at Lochar Moss and Newton
Stewart, respectively, in south-west Scotland (Godwin and
Willis, 1962). In addition, the date of 6,490 + 125 B.P.
accords with evidence from Tentsmuir, in northeastern Fife,
where it has been shown that the carse transgression
culminated between 7,605 + 130 B.P. and 5,830 + 110 B.P.
(Chisholm, 1971).

As yet there is little available evidence of the age
of the sequence of raised beaches associated with the
regression of the carse sea. Sissons, (1967b) estimasted
that the third visible Post-glscisl Raised Beach, PG3, was
formed about 4,000 B.P., as peat overlying this feature
gave a radiocarbon date of 4,120 + 105 B.P. A sample of
peat overlying a carse shoreline st Aberlady Bay, and
tentatively correlated with Sissons' PG3 shoreline, gave a
date of 2,505 4 100 B.P. (Smith, 1972).

As there are four visible Post-glacial resised beaches
in the Forth valley, it seems thst some of the above evidence
may relate to beaches formed at different times. In this
context the date from south-west Flanders Moss (Sissons and
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Brooks, 1971) relates to the Main Post-glacial Raised Besch
(PG1). According to Smith (1968) the base of the peat at
West Flsnders Moss, dated by Godwin snd Willis (1962) also-
rests upon PGl, whereas the peat at the base of Ochtertyre
Moss, dated by Erdtman, partly overlies the surfaces of PG2
and PG3. As yet, however, the three lower visible Post-
glacial beaches have not been investigated in detail to test
this hypothesis, but the variance of the radiocarbon and
pollen evidence indicates that dating the termination of the

carse sea is not a simple matter ass previously thought.
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Summary of Events.

1 B8 During the build up of the last great ice sheet most

of Scotland was covered by ice. The decay of this ice
sheet sppeared to be a continuous process, accompanied by
local advances of the ice front.

2. By about 13,000 B.P. Scotland was probably free of ice
and the sea extended to the western extremity of the Forth
valley.

Bie Between approximately 10,800 B.P. and 10,300 B.P. a lobe
of Loch Lomond ice advanced into the Forth valley; the limit
of this readvance being defined by the Menteith moraine.

4, As the Loch Lomond ice decayed at the Menteith moraine,
glacisl meltwaters excavated minor valleys and deposited
outwash sands and gravels into the Forth valley.

5 Within a very short period close to 10,300 B.P., after
the main deposition of the outwash but before the ice
retreated from the Menteith moraine, the High Buried Beach
was formed during a slight rise of sea-level.

6. Subsequently sea-level fell but then rose again
slightly and formed the Main Buried Beach which ceased to
accumulate at approximately 9,500 B.P. This feature was
later dislocated at the Menteith moraine and at & point a
few kilometres west of Stirling by crustal movements.

Fi The sea regressed from the Main Buried Beach but
probably rose again to produce the Low Buried Beach which
ceased to accumulste at around 8,800 B.P.

8. A further lowering of the sea caused it to be confined
to a relatively narrow estuary, the sea reaching its lowest
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level round about 8,500 B.P.

9. Thereafter sea-level rose rapidly as a result of
world-wide deglaciation. It overtook the isostatically
rising land, causing the earlier beaches to be buried
beneath carse clay that now forms the present surface of
much of the Forth valley. The transgression culminated
at about 6,500 B.P.

10. After the maximum of the transgression, sea-level

fell and produced the younger Post-glacial beaches, PG2,

PG% and PG4.
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1 oddde The Altitudes and Gradients of the Shorelines

of the Western Forth Valley.

The present elevation of the raised beaches described
in the preceding section has commanded, and still does
command, great interest. Until recently much attention
was directed to explaining the altitude of the carse and
its westward increase in height which Carmichsel had noted
in 1832. Among the esrliest explanations for the slope
of this feature was that it wass caused by marine erosion
(Chambers, 1848). Earlier, Buist (1841) had postulated
that the carse in the Tay and Earn valleys had achieved
its present position by "a general upheaving which brought
about the present land snd water into the relative positions
they now occupy". Others (Milne-Holme, 1871; Morris, 1892)
thought that the slope of the carse was partly a reflection
of estuarine deposition, as the altitude of present mudflats
generally increases towards the head of an estuary in common
with tidal rsnge. Jamieson (1906, 1908) however, believed
that the westward rise of the carse was relasted to land up-
1lift end corresponding melting of glacier ice, the centre
of which he thought was west of the Forth lowlands. He
had proposed this concept in 1865 and it had been supported
by Wright (1914).

Jamieson's concept of shoreline displacement differs
considerably from the interpretation initiated by the
Geological Survey in 1879, which recognised three horizontasl
raised beaches named the 100, 50 snd 25 foot raised beaches.
This classification became widely accepted and persisted
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until recently. Donner (1959, 1963), for instance,
claimed to have identified 100, 50 and 25 foot raised
beaches at various coastal locations in Scotlsnd, and

Earp et al (1962) maintained that the carse in the Forth
valley is horizontal. Not all workers accepted this
scheme; Jamieson, for example, could find no evidence of
the 100, 50 and 25 foot reised beaches and concluded that
they did not exist. Jamieson's conclusions were later
confirmed by Sissons (1967b), which led to the abandonment
of the Geologicsl Survey's classification and the reaffirm-
ation of the westward rise in height of the raised beaches
in the Forth valley.

Detailed investigations (Sissons, 1963a, 1966, 1967b,
1969, 1972; Sissons and Smith, 1965b; Smith 1965, 1968;
Kemp, 1971; Sissons and Brooks, 1971) have shown that the
sloping nature of the raised beaches, including those buried
beneath the carse, is relsted to a combination of differen-
tial land uplift and world sea-level changes associated with
glacisl readvances and decay of the last ice sheet. In a
broader context, these events are closely linked with the
growth and decay of the world's glaciers which radiocarbon
and other evidence indicate were approximately synchronous
events.

It is now generally accepted that in response to climatic
deterioration and consequent glacier build-up, land and ocean
level dropped, minimal levels being reached when glacial ice
was at its maximal extent. As the glaciers decayed, water
was returned to the ocean which saccordingly rose, while the
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land, relieved of its ice-load, readjusted. The decay of
the last ice sheet was not continuous, however, being
interrupted from time to time by major glacial readvances
which resulted in reversal of eustatic (and perhaps in some
areas of isostatic) rises.

The smount of land uplift is relsted to the thickness
of the ice. In Scotland the centre of isostatic recovery
is considered to lie in the south-west Grampians (Wright,
1914; Donner, 1959; gSissons, 1965, 1967b) as this area
was the major source of ice accumulstion during the build-
up of the last Scottish ice sheet. Outwards from the ice
centre the amount of land uplift diminishes. As the centre
of isostatic uplift is situated west of the Forth lowlands,
the eastward decline in sltitude and gradient of the raised
beaches in the Forth valley reflects the outward diminution
of isostatic recovery. This pattem corresponds with that
in north-west Europe, which shows that the rate of isostatic
recovery increases towards the location of the centre of the
former ice mass (West, 1968). In this context, it is common
practice to cite a single gradient for the whole length of a
shoreline, but this is inapplicable to at least some of the
raised beaches in the Forth valley, owing to local variations
of shoreline gradients caused by differential uplift and
dislocations noted in the previous section.

Another factor that has influenced the slope and dis-
tribution of the raised beaches is the age of the features.
During the formation of the earliest Late-glacial beaches in
East Fife (Cullingford and Smith, 1966) most of Scotland was
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covered by ice. Thus these beaches are situated a
considerable distance from the ice centre and, having
experienced a longer period of uplift than their younger
counterparts, are more steeply tilted. The latter point

is illustrated by comparing the gradients of the oldest East
Fife raised shoreline with that of the Main Perth Raised
Shoreline, the former having a gradient of 1.26m/Km, the
latter a gradient of 0.4%m/Km. As 8 consequence of glacier
decay, the younger Late-glacial beaches terminate nearer and
nearer the ice source. The Post-glacial shorelines, uncon-
strained by ice, extend even farther towards the centre of
isostatic recovery and are less warped. The Main Post-
glacial Shoreline, for example, reaches to the western
extremity of the Forth valley and has a low gradient of
about 0.08m/Km.

Initially isostatic uplift at a particular location
was repid, occurring during or soon after ice decay, as
indicated firstly, by the fact that the earliest East Fife
shoreline is twice as steeply inclined as the last;
secondly, by the location and lower altitude of the later
formed Perth raised beaches.

Apart from isostasy, the second most importent factor
to have influenced the raised beaches is the eustatic
changes of sea-level. As stated earlier, changes in ocean
levels are closely associated with the growth and decay of
the world's glaciers. Many attempts have been made to plot
the varistions of sea-level changes using radiocarbon, pollen,
height measurements etc., in specific areas or in the world
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as a whole (Godwin, Suggate and Willis, 1958; Feirbridge,
1961; Shepard, 1963; Schofield, 1964; Curray, 1965;
Jelgersma, 1961; lMoran and Bryson, 1969; Mérner, 1969,
1971; Tooley, 1969, 1974). While there is brosd agreement
on eustatic fluctuations during the early part of the Holocene
period, there is some serious disagreement on sea-level
changes during the last 6,000 years or so, despite the
application of similar methods to the same investigated
areas. Many factors are considered to contribute to the
diversity of the results obtained, among the most important
being the influence of tectonic and isostatic effects on
sea-level changes, and the sources, quality, quantity and
individual interpretation of the dats.

It has been suggested that in order to isolate eustatic
sea-level changes from isostatic and tectonic influences,
data must be obtained from relatively stable areas
(Feirbridge, 1961). There is some doubt, however, as to
whether such areas exist in the world, so that it may be
impossible to construct an acceptable eustatic sea-level
curve for the Post-glacial period_(Jelgersma, 1966). Most
writers, however, accept the inadequacy of present results
and point to the need for improved measuring end dating
techniques. Considering these points, it is spparent that
there may be considerable imprecision in most, if not all,
eustatic sea-level curves (Kemp, 1971) and this may account
for the variety of positions and forms of the sea-level curves
in Rig. 2, Thus in assessing isostatic and eustatic factors

in order to relate variations of sea-level to the world wide
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pattern, much will depend upon the choice of eustatic curve.

Contrasting with the problems in determining eustatic
and isostetic changes in comparstively large areas, is the
relative accuracy possible in considering these changes from
accurate levelling and detsiled geomorphological evidence
from a relatively small area such as the Forth valley. Thus
on the basis of detailed height measurements and geomorphol-
ogical evidence, supplemented by radiocarbon dates, two
curves of relative land/sea-level changes have been construc-
ted in relation to the raised beach sequence in the Forth
valley (Sissons, 1967b; Kemp, 1971). These curves relsate
respectively to the Menteith moraine and a suite of buried
beaches at a point near Abbey Craig, s short distance east of
Stirling. A third curve based on the same methods, but
including pollen evidence, has been constructed for the
Menteith moraine (Sissons and Brooks, 1971). Between them
the curves relate to relative land and ses-level changes
from about 11,500 B.P. to the present; but because of the
sloping nature of the raised shorelines, the graphs represent
combined eustatic and isostatic changes at fixed points at
the above mentioned locations. :

Information relating to the earliest part of the time
period under consideration is obtained from Kemp's (1971)
curve at Abbey Craig, which shows a rise of sea-level relative
to the land which began sometime before 11,500 B.P. and
culminated at about 10,300 B.P. This sea-level rise is
considered to have been due to more than one cause; the
earlier stage being eustatic, resulting from the relesse of
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water from the decaying Scottish ice sheet (or its equiv-
alent in the world), the later stage being related to
downwarping of the land as the Loch Lomond ice advanced.

Subsequent interaction of eustatic and isostatic move-
ments i1llustrative of the period from about 10,000 B.P. to
4,000 B.P. is reflected in the curve in Fig. 3. The dsta
used to construct this curve were collected from seven sites,
the locations of which are shown in Fig. 4. The curve shows
that during the formetion of the High Buried Beach, sea-level
was relatively high, at spproximately 12m OD. Then relative
to the land, sea-level fell, a slight transgression occurring
at c. 9,500 B.P., when sea-level -was at about 10m OD and the
Main Buried Beach was formed. The sea then regressed to
almost 7m OD, reaching this level at around 8,700 B.P.,
during which time a minor traensgression probably occurred
and the Low Buried Beach was formed. Then sea-level fell
to about 6m OD at approximately 8,500 B.P. during which time
it was restricted to the buried estuary. Shortly afterwards,
by about 8,500 B.P., the sea rose rapidly in relation to the
land and carse clay was deposited. This marine transgression
reached a maximum altitude of about 14m 0D and culminated
at ¢. 6,500 B.P., which is almost 1,000 years earlier than
indicated by the earlier curves of Sissons (1967b) and Kemp
(1971).  After the maximum of the transgression, sea=level
fell to below 1lm OD by about 4,000 B.P., and according to
Sissons' (1967b) curve, had dropped to nearly ém OD as the
younger Post-glacial beach, PG4, was formed at approximately
25900 BiF,
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Donner (1970) has constructed a curve of land and
sea-level changes in central Scotland between 12,000 B.P.
snd 3,500 B.P. This curve shows a constant marine re-
gression from 25m OD at about 12,000 B.P. to nearly 6m OD
at spproximately 6,500 B.P, Then sea-level steadily rose
to a meximum of sbout 15m OD at 5,000 B.P. and subsequently
fell to c. 14.6m OD by 3,500 B.P. Donner's curve, however,
is partly based on estimation from evidence from five sites
and thus does not record the full sequence of land and sea-
level changes in the Forth lowlands as revealed by the
detailed invegstigations described above.

Comparisons have been made between the varying positions
of land and sea-level in the Forth valley with other curves
of see-level changes from other parts of the world, in order
to estimate the relative importance of the isostatic and
eustatic elements in the formation of the raised beaches
(Sissons, 1967b; Kemp, 1971; Sissons and Brooks, 1971).

On this basis the amount of uplift of the raised beaches has
been calculated, which shows that isostatic recovery pro-
gressively diminished, as demonstrated by the estimated
uplift of about 90m of the earliest Late-glacial beaches
in East Fife compared with 10m of uplift of the Main Post-
glacial beach. Land uplift did not decrease at a constant
rate, however, as mentioned earlier; isostatic recovery
being initially rapid following ice decay associated with
the East Fife and Perth shorelines. In addition, recent
evidence indicates that rapid uplift also occurred at the
Menteith moraine in association with the Loch Lomond ice
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(Kemp, 1971).  After this ice had disappesred, isostatic
recovery diminished at a fairly steady rate ss indicated by
the curve in Fig. 5.

During the formstion of the Late-glacial beaches in East
Fife world sea-level was low. Subsequently the sea rose
during the Late-glacisl and transgressed westwards along the
Forth valley. Extensive gravel deposits were lsid down
during this marine transgression which apparently began some-
time after 1%,500 - 13,000 B.P. and ended probably about
10,500 BT, During most of this time the sea stood at, or
slightly apove, its present level in relation to the land
(Sissons, 1969).

From about 10,300 B.P. to approximately 8,500 B.P. land
uplift usually exceeded world sea-level rise, although
relatively minor transgressions were probsbly associated with
the formation of the buried beaches as illustrated in Fig. 3.
The pronounced rise in the curve in Fig. 3 from spproximstely
8,500 B.P. indicates a transgression of about 7m in 1,000
yesars. This marked rise implies rapid melting of the world's
glaciers causing eustatic sea-level to rise steadily and
overtake the isostatically rising land whose recovery, as
noted asbove, was slowing down during this period. In this
context it is significant to note that Bryson et al (1969)
believe that in Csnada '"catastrophic ice disintegration”
followed the Cockburn Readvance, which is considered to have
culminated between 8,500 B.P. and 8,000 B.P.

The rapid reduction in the rate of sea-level rise as

the maximum of the Post-glacial transgression was approached,
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subsequently followed by regression, indicates that by this
time decaying ice sheet remnsnts were contributing much less
water to the oceans and that the isostatic factor became
dominant again. The latter is also reflected by the gradients
of the younger Post-glacial shorelines.

Summary.

Early explanations for the elevation and slope of the
carse clay included msrine erosion, estuarine deposition
related to tidal influence and land uplift associated with
glacial unloading. The Geological Survey classified the
marine deposits in the Forth valley into three horizontal
beaches, the 100, 50 and 25 foot raised beaches. This
scheme was later absndoned as a result of detailed height
measurements and geomorphological evidence which revealed
that the raised beaches were isostatically tilted; the
rate of uplift being related to the age and distance of
these features from the centre of isostatic recovery
situated in the south-west Grampians.

After the earliest Late-glacial beaches were formed,
at about 13,000 B.P., sea-level was low. Some time after
this date, however, sea-level rise exceeded land uplift
until sbout 10,300 B.P. TFrom this date to c. 8,500 B.P.,
land uplift exceeded sea-level rise apart from minor re-
versals. Initially, land uplift was rapid following ice
decay. After 8,500 B.P. world sea-level rose rapidly, as
a result of the decay of the world's glaciers, overtaking
the isostatically rising land and deposited cserse clay over
the earlier formed beaches. After the maximum of this
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Treiivie Outline of the Late-Quaternary Geomorphology of

South-Fast Mull in Relation to Pollen Investigations.

In the area investigated (Fig. ©) a period of local
valley glaciation was correlated with the "valley" or
"Moraine Glaclation" of the west Highlends (Bailey et 2al,
1924). Later this glacial stage wss correlated with
Simpson's (19%3) Loch Lomond Readvence ice lobes st Menteith
and Loch Lomond (Charlesworth, 1955; Sissons, 1967a, 1967b;
Gray and Brooks, 1972) formed during pollen Zone III,
between about 10,800 B.P. and 10,300 B.P. (Donner, 1957).

During Zone III in eastern Mull, glacier ice radiated
from the mountains and coalesced to form a piedmont ice
lobe which occupied Loch Spelve. Evidence of a resdvance
is provided by merine shells in the Kinlochspelve moraine,
which marks the limit of this ice lobe at the head of Loch
Spelve. The marine shells also indicate that prior to
this readvaence the sea occupied the loch. Further evidence
of a forward movement of ice is demonstrated by varved clays
overlain by crossbedded sand, both truncated by sand and
gravel in a section in the moraine nesr Kinlochspelve Farm.
This depositional succession indicates the ice advanced
into an ice-dammed lake or ses-loch.

The Kinlochspelve moraine consists of a number of
ridges chiefly composed of grey clay with stones. The
clay is ususlly homogenous, but thin lenses of sand occur
locally and these contain concentrations of small shell
fragments. The latter, although normelly weathered, are
fairly abundsnt in certain layers while other parts of the
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clay are barren. Occasionally, however, better preserved
shells are found in the clay. A collection of these

shells consisted of species of Tridontas, Arctica islandica,

Nuculsna, Portlandia, Mya, Littorina, Acanthocardium,

Trophonopsis, Buccinum, Tellinaceae, Arenomya, Lunatia and

Trochidae, which constitute a marine assemblage of boresl
to sub-arctic character, compsrable to the molluscan fauna
collected from the Loch Lomond and Menteith moraines

(Gray and Brooks, 1972).

A radiocarbon date of 11,300 + 170 B.P. was obtained
from a sample of the shells from the Kinlochspelve moraine
and which accords with dates of 11,800 + 170 B.P. and
11,700 + 170 B.P. from shells in the Menteith and Loch
Lomond moraines respectively. The dates from the latter
locations are referable to Zone II, (the Late-glacial
Interstadisl) which preceded the Loch Lomond Readvance
(Sissons, 1967a). Thus on this basis the molluscan fauna
at the Kinlochspelve moraine is slso of Zone II age, which
is supported by pollen evidence presented below.

(4.viii.pp.122-130).
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1P S Previous Investigations into the Vegetational

History of the Western Forth Valley.

Early accounts of vegetational history of the research
area are mainly descriptions of plant remesins, particularly
trees, preserved in peat mosses in the Forth valley. These
records, however, are useful to the present study as they
shed some light upon the former arboreal vegetation of the
Forth region.

Prior to the development of peat bogs, the Forth low-
lands were apparently covered with forest vegetation, ss
indicated by remsins of tree trunks projecting through carse
clay into overlying peat at numerous locations (Sinclair,
1792). Most of these tree trunks were identified as oak,
which signifies that this species was a common constituent
of the forest vegetation in the region. Other probable
components of this woodland were birch, alder, hazel and
willow, as remains of these species were observed by Tait
(1794) at the base of Kincasrdine and Flanders lMosses and at
the bottom of Blair-Drummond lMoss by Ramsey (1801).

It was generally believed that the forests in the Forth
lowlands were mainly destroyed by human agency. Evidence
of forest destruction was presented by Tait and later by
Aiton (1811). They observed that numerous tree trunks
buried beneath peat deposits bore axe marks. In addition,
Ramsey reported the presence of wooden causeways &nd Roman
artifacts at the base of Blair-Drummond snd Flanders losses.
Similar archaeological evidence from other peat mosses wss
recorded by Steele (1826). Thus it was generally accepted
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that widespread disforestation which, according to Hunter
(188%) began sbout 81 AD, occurred during the Romen occupa-
tion of the Forth valley.

Further destruction of the forest resulted in the
subsequent development of extensive peat mosses over the
Forth lowlands (Sinclair, 1792; Aiton, 1811). Strati-
graphic details of two of these peat bogs give an indication
of the vegetation which spparently existed as these mosses
developed. Ramsey noted that the lower peat of Blair-
Drummond Moss was mainly composed of remains of wood and
heather, which were overlain by & layer of moss. The upper
peat contained abundant remains of wood, grasses and sedges.
Thus woodland apparently existed at this site during the
early stages of peat development. Later this arboreal
vegetation was replaced by moss which in turn was subse-
quently colonized by trees. On the basis of archaeolo-
gical evidence at this site Ramsey, and later Hunter,
estimated that the peat of Blair-Drummond Moss accumulated
over a period lasting nearly 2,000 years. Comparable
stratigraphic evidence was obtained from a peat bog near
Linlithgow by Steele. At this.site woodland, indicated
by remains of birch, alder and hazel in the lower peat, was
replaced by moss. This type of vegetation was subsequently
colonized by heather, as signified by abundant remains of
Ericaceae in the upper peat.

These early descriptions of vegetational history,
and those from other Scottish regions, were later used by
McVean and Radcliffe (1962) snd Anderson (1967) to
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construct maps of the former distribution of primeval
forest types in Scotland. These maps show that there
existed in the Forth lowlands an extensive mixed-oak
forest. Anderson considered that the sheltered position,
favourable climate and unleached base-rich soils of the
Forth valley favoured the development of mixed-oak wood-
land.

Knowledge of vegetational history of the research area
was advanced by detailed studies of stratigraphy, and in
particular by pollen asnalysis and radiocarbon dating of
peat deposits. Using these techniques, workers were able
to demonstrate relationships between vegetational develop-
ment, climate and recent geological changes in the research
area, end further, to correlate these events with those in
other countries.

Erdtman (1928) was the first to spply the technique
of pollen analysis to the problem of the chronology of
Post-glacial sea-level change and vegetational development
in the Forth valley. In order to cast some light upon
this problem, Erdtman selected a site at Ochtertyre loss
where peat rests upon carse clay. The frequencies of
arboreal pollen from peat samples at this site indicate
the probable existence of Alnus dominated woodland in the
region. Betula and, to a lesser extent, Corylus were
important constituents of this woodland. Low counts of
Quercus pollen suggest that this species may also have been
present. Pinus was probably unrepresented as only traces
of this pollen type were recorded. Erdtman correlated
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this stage of forest development with the Sub-Boreal
climatic stage recognised in Scandinavia by Blytt (1876)
and Sernander (1908). Thus Erdtmen considered that the
peat of Ochtertyre Moss accumulated during the Sub-Boreal
(later named sub-zone V11lb by Godwin, 1940, and his
followers)., As the peat of Ochtertye Moss overlies carse
clay, Erdtmen concluded that the carse transgression
culminated in the Forth velley prior to the Sub-Boreal.
Knowledge of Post-glacial vegetational history in the
research area was advanced by Durno (1956). He was also
the first to attempt to correlate stages of Post-glacisl
vegetational development in the Forth valley with Post-
glacial vegetational zones recognised at many sites in
England and Wales by Godwin (1940). Arboreal pollen
frequencies in Durno's pollen diagram from a site at East
Flanders Moss, west of Stirling, reflect the development
of forest vegetation from Zones V to VIII (modern). In
Zone V the arboreal vegetation was dominsted by Betula,
which was also the major woodland constituent in Zone VI.
During Zone VI, however, the composition of the forest
changed, as indicated by the rapid expansion of Corylus
into the region at the beginning of the zone; the con-
sistent presence of small amounts of Ulmus and, to a lesser
extent, Quercus; and the immigration of Alnus into the area
towards the end of Zone VI. The presence of thermophilous

species, particularly Corylus, Ulmus and Quercus, together

with Tilia, indicate the response of forest development to
climatic amelioration. (The sub-zonal divisions of Zone VI
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recognised at English sites by Godwin are not dis-
tinguishable in Durno's diagram).

A further stage of forest development is recognised
in Zone VII which is characterised by the dominance of
Alnus. This stage of vegetationsl development is con-
sidered to indicate a cool wet Atlantic or ocesnic type
of climate, as opposed to the very dry Boreal climate of
the preceding zones. Two sub-zones, V1la and V1lb, are
distinguished; the latter sub-zone being characterised
by & marked decline of Ulmus, which is thought to have
been initiated in psrt by Neolithic agricultural communities,
and partly by climatic change unfavourable to this species.

Alnus dominated the arboreal vegetation in Zones VIII
and VIII (modern). The latter zone is distinguished by
increased representation of Pinus and the occurrence of
small amounts of Fagus which are attributed to modern
planting. During these zones herbaceous vegetation in-
creased, indicating progressive forest clearances in
response to increasing grazing and agricultural practices.
Durno also thought that the representation of arboresl
vegetation, particularly the expansion of Betula and cor-
responding decline of Alnus and Corylus, during these later
zones may, in part, reflect progressive soil leaching and
concomitant climatic deterioration.

The stages of Post-glacisl vegetational development
represented in Durno's diagram from East Flanders Moss are
comparable to those displayed in Donner's (1957) disgrams
from sites at Gartmore and Drymen in the westernmost part

Sliea



of the Forth valley. Donner's work, however, casts some
light upon vegetational development during Zone IV (the
earliest Post-glacial zone of Godwin's, 1940, schema) and
the preceding Late-glacial period in the research area.

At Gartmore and Drymen Zone IV is strstigraphically
represented by organic lske muds which overlie Late-glacial
solifluction deposits. On the basis of pollen frequencies
from the former deposits at both sites, Donner considered
that tundra vegetation probably existed in the region during
the early part of Zone IV, and that by the end of this zone
the herbaceous flora wss replaced by birch dominated wood-
land.

Information relating to Late-glacisl vegetational
history of the region is obtained from Donner's site at
Drymen. At this location deposits referable to lLate-
glacial Zones I, II and ITII at other British sites are
present. The earliest snd latest Late-glacial deposits,
of Zones I and III respectively, at Drymen are sparse in
pollen and are thus defined by stratigraphy. Zone IT
deposits, however, sre characterised by the predominance
of non-arboreal pollen which are considered to reflect thg
presence of tundra vegetation in the region during this zone.
According to Donner, this tundra vegetation probably con-
sisted msinly of sub-arctic heaths composed of Empetrum
and Calluna with meny herbaceous species.

The work of Donner was followed by that of Turner
(1965), who investigated men's influence upon vegetational
development in the research area during the later stages
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of the Post-glacial period. This work was an advance on
previous pollen investigations in the western Forth valley
in thet rediocarbon evidence was used to date criticsl
stages of Post-glacial vegetational development.

At Turner's site et West Flanders Moss, peat deposits
overlie carse clay. Radiocarbon assay of peat immediately
overlying the carse clay indicates thet orgasnic msterial
began to accumulate over the cerse clay at this location at
about 5,492 + 130 B.P. (Godwin and Willis, 1962). Accord-
ing to Turner's pollen diagrsm, peat accumulated st this
site during sub-zones VIIa, VIIb and Zone VIII. Radio-
carbon dates of 5,192 + 120 B.P. end 5,014 + 120 B.P. were
obteined for the VIIa/VIIb transition, while the VIIb/VIII
junction was dated at 2,712 + 120 B.P. Turner considered
that the pollen and radiocarbon evidence from this site
gives no indicstion of forest clearances in the western
Forth valley before 2,750 B.P. Extensive clesrances were
made in the region during ZoneVIII ass indicated by high
Gramineae pollen totals in the upper part of the disgram
from this site. Additionally, relatively high values of
Plantago and Pteridium with low Chenopodiaceae pollen totals
are considered to be comparable to the representation of
these pollen types in pollen samples from present dsy
pastoral regions. Thus Turner concluded thst forest
clearsnces in the Forth valley were sssocisted with
paestoralism, practised by nomsdic peoples. On the basis
of the pollen and radiocarbon evidence from this site,
Turner believed that nomadic pestoralism wes practised on
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a small scale in the region during the Bronze and Iron
Ages, and that extensive clearances associated with in-
creased pastorsl activities began during the Roman occu-
pation of the Torth valley.

Post-glacial sea-level changes and vegetationsl
development in the western Forth valley were investigated
by Newey (1966) at two sites, one at West Flanders Moss,

he other at Kippen. At the former site, deposits of the
Main Buried Beach are overlain by peat which in turn is
overlain by carse clay. At Kippen, deposits of the Low
Buried Beach are similarly buried beneath peat and carse
clay. According to Newey, relatively high Graminease and
low Chenopodiaceae pollen totals from the lower minerogenic
layer at West Flanders lMoss indicate the probsble existence
of saltmarsh vegetation as deposits of the Main Buried
Beach accumulated st this site. During Zone IV, deposition
of the Main Buried Beach ceased and Sphagnum moss began to
develop over the beach surface, as indicated by abundant
macro-remains of Sphagnum in the peast overlying the buried
beach deposits. Oligotrophic vegetation ceased to develop
towsrds the end of sub-zone VIa when carse clay began to
be laid down at this location. Rising counts of Gramineae
and Chenopodiaceae pollen in the carse clay signify the
return of marine conditions as carse clay began to accumu-
late. Comparable pollen evidence from Kippen indicates
the probable existence of saltmarsh conditions &s deposits
of the Low Buried Besch accumulated at this site in Zone V.
During this zone, at about 8,700 B.P., beach deposition
Sha



ceased. Biostratigraphic evidence from the overlying
peat indicates that saltmarsh vegetation developed over
the beach surface. Subseguently, marine influence
diminished and saltmarsh vegetation was possibly replaced
by brackish/freshwater swamp. This type of vegetation
was replaced by woodland in sub-zone Vla. Towards the
end of this sub-zone, at sbout 8,300 B.P., carse clay
began to be laid down accompanied by the return of salt-
marsh conditions. According to Newey, the expansion of
marine influence as carse clay was deposited probably re-
sulted in the recession and destruction of coastal woodland.
More recent pollen investigations in the research area
relate to the re-investigation of Donner's (1957) Drymen
site by Vasari and Vasari (1968). This work, slthough
primarily an investigation of Late - and Post-glacial
macrophytic vegetation, sheds more light upon Late-glacial
vegetational development in the research area. The pollen
frequencies in the lower part of the diagram from this site
indicate that during Zone I herbaceous and dwarf shrub
vegetation, meinly composed of Gramineae, Rumex, Ericaceae
and Empetrum, predominated in the westernmost part of the

Forth wvalley. In addition, small amounts of Betula, Salix,

and Juniperus were possibly present. In Zone II Betula
increased its representation at the expense of herbaceous
vegetation. However, three sub-phases of vegetational
development are distinguished in this zone and nemed after
dominant pollen types. The earliest sub-phase is marked
by the expansion of Betula, Ericacese, snd Rumex; the next
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by the spread of Empetrum; the third by the development

of Juniperus. In Zone III open vegetational conditions
increased at the expense of tree and shrubs. A transitional
zone, IIT - IV, is distinguished by the increased represent-
ation of Empetrum and Juniperus which marks the passage from
the Late-glacial to the Post-glacial period.

Summary .

According to early records there existed in the Forth
lowlands s primeval forest which was subsequently destroyed
by the Romans. Knowledge of vegetational history and
chronology of the research area was later advanced by pollen
analysis and radiocarbon techniques. The earliest pollen
investigstions in the research area, by Erdtman, indicate
the existence of woodland as peat accumulated over carse clay
at Ochtertyre loss. This woodland stage was correlated with
the Sub-Boresl climatic stage recognised in Scandinavia.
Durno investigated Post-glacial vegetational history at a
site at West Flanders Moss. At this location forest devel-
opment from Zones V to VIII was distinguished and correlated
with comparable stages of Post-glacial arboreal development
at English sites. Donner's investigations at sites in the
westernmost part of the Forth valley indicste that during
the earliest part of the Post-glacial period (Zone IV) tundra
vegetation was replaced by woodland. Pollen evidence from
one site, at Drymen, indicates that during Late-glacial
Zone II tundra vegetation was present in the region.

Anthropological influence upon forest development in
the research area was investigated by Turner. On the basis
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of pollen and radiocarbon evidence from a site at West
Flanders lMoss, she concluded that forest clearasnces,
associated with pastorsl activities, commenced sbout 2,800
B.P. and that extensive clearances began during the Roman
occupation.

Newey investigated Post-glacial vegetational develop-
ment and sea-level changes at sites at West Flanders Moss
and Kippen. Pollen evidence indicates that phases of
marine influence, during Zone IV and sub-zone Vla at West
Flanders Moss and Zone V and VIa at Kippen, were associated
with the development of ssltmarsh vegetation at these sites.

Work by Vasari and Vasari at Drymen casts more light
upon Late-glacial vegetational conditions in the research
area. In Zone I open vegetational conditions predominated.
In Zone II three sub-phases of vegetational development are
distinguished; the earliest is marked by the expension of
Betula, Ericacese and Rumex; the next by the spread of
Empetrum; the third by the development of Juniperus.

In Zone III herbaceous vegetation increased at the expense
of trees and shrubs. The passage from the Late-glacial
to the Post-glacial period is marked by the increased

representation of Empetrum and Juniperus in Zone III-TIV.
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LWl Vegetational History of the Kinlochspelve Area

in South-East Mull.

Maps of the distribution of primeval forest in
Scotland, produced by McVean and Radcliffe (1962) and
Anderson (1967), show that the original forest cover of
the lowland corridor of south-east Mull consisted chiefly
of oak with probsably some ash. Apart from this inform-
ation evidence of vegetational history of this area is

apparently non-existent.
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2 Research Aims and Selection of Sites.

This thesis is an investigation into the characteristics
and chronology of vegetational sequences that accompanied
changes of climate, land and sea-level in the western Forth
valley during the Late-Quatérnary. A major part of this
study relates to the chronology of vegetational development
and raised beaches that accompanied high sea-levels in the
research area during the Post-glacial period.

The most extensive and accessible raised beach deposit
in the western Forth valley is the carse clay which was laid
down during the main Post-glacial transgression. Thus a
major sim was to investigate the characteristics of
vegetational development in the research area during this
period of high sea-level.

Evidence presented earlier (1.iii.pp.29-39) indicates
that the initial rise of the main Post-glacial sea-level was
relatively rapid. As the sea began to transgress up the Forth
valley, however, the land was rising. Land uplift was in-
creasingly pronounced westwards towards the centre of isostatic
recovery in the south-west Grampians. In view of this
evidence a further aim was to determine whether or not the
early rise of the main Post-glacial transgression was
progressively retarded westwards by increasing isostatic
readjustment. To achieve this aim the commencement of carse
clay deposition was dated at sites over a distance of about
2%Km west of Stirling. These sites (displayed in Fig. 1)
from east to west are, The Homesteads, Bield, Newburn,

Easter Mye and Woodend Farm Site 2, and are located on or near
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the southern carse shoreline, at points where the carse
clay is known to be relatively thin and where the underlying
peat is well developed.

‘An attempt was made to determine the characteristics
of vegetation and chronology of minerogenic deposits that
accompanied the deposition of carse clsy at Dollhouse Sites
1l and 2, located about 15Km east of Stirling.

Radiocarbon evidence presented by Godwin and Willis
(1962) indicates that the main Post-glacial transgression
culminated in the western Forth valley at about 5,500 B.P.
This evidence was tested at Woodend Fsrm Site 1 situated at
the south-west margin of West Flanders Moss. Borehole
information (Fig. 7) shows that at this location the surface
of the carse clay is buried beneath a relatively thin layer
of peat. Thus it was possible to obtain organic material
from the lower peat for radiocarbon assay in order to date
the culmination of the main Post-glacial transgression and
to test the pollen investigations at this site.

At The Homesteads and Bield sites raised beach deposits
are buried beneath peat which underlies carse clay.
Geomorphological evidence presented by Sissons (1972)
indicates that the buried beach deposits at these locations
are dislocated frsgments of the Main Buried Raised Beach.
The possibility exists, however, that the buried raised
beach deposits at The Homesteads and Bield sites may be
unrelated and of different ages. Thus a major objective
of the investigations at these sites was to test the
geomorphological evidence. A further objective was to
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investigate vegetational development that accompanied the
deposition of the buried beach and overlying peat deposits
at these locations. A layer of grey clay buried beneath
peat and carse clay 2t s site at Easter Offerance, west of
Stirling, was also assumed to be related to the Masin Buried
Beach. Thus the major aim of the investigations at this
site was to test this assumption.

An important objective of the research presented in
this thesis was to produce a pollen profile reflective of
vegetational development in the western Forth valley during
the Post-glacial period. To this end Woodend Farm Site 2,
situated near the western end of the Forth valley, was
selected; for at this site peat deposits over 7m thick are
present and from which biostratigraphical evidence illus-
trative of Post-glacial vegetational history was obtained.

Stages of Post-glacial vegetational history recognised
in earlier pollen diagrams from other sites in the research
area were correlated with comparable Post-glacial vegetation
sequences recognised at English sites by Godwin (1940, 1956).
Some of Godwin's zonal divisions, however, have not been
recognised at sites investigated by Durno (1956) snd Donner
(1957) in the research area, nor at sites in other parts of
Scotland investigated by other workers, (e.g. Moar, 1969;
Pennington and Lishman, 1971). Evidence presented by West
(1970) shows that some of Godwin's zonal divisions are
diachronous and that detailed correlation of vegetational
history between distant areas based upon pollen zones is not
always possible because of differences in vegetational
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development in different geographical regions. To overcome
this problem, West proposed that a type pollen diagram showing
the most complete pollen stratigraphical record available
should be constructed for each region in Britain. The
regional type diagram should be composed of pollen assemblage
zones (as defined by the Report of the Stratigraphical Code
Sub-Committee, 1967, and Recommendations on Stratigraphic
Usage, 1969) with which comparable pollen sssemblage zones

in disgrams from other sites can be correlated. Thus
spurious correlations with pollen assemblages at sites out-
with the region are avoided.

In the light of West's proposals a main aim of the
investigations at Woodend Farm Site 2 was to produce a
regional type pollen diagram illustrative of Post-glacial
vegetational history in the western Forth valley. In
addition, an attempt is made to correlate the pollen assem-
blage zones tentatively recognised in the type diagram with
comparable pollen assemblages displayed in diagrams from
other sites investigated in the research area.

Late-glacial deposits were investigated at two sites,
one of which is situsted by the Lake of Menteith in the
western Forth valley, the other located at Kinlochspelve
(Fig. 6) in south-east Mull. At these locations Zone III
end morsine complexes contain ice-transported marine
deposits which, according to radiocarbon evidence presented
by Gray and Brooks (1972), are referable to Zone II.  The

main objectives at these sites were to test the radiocarbon
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evidence and to obtain information of, and correlate,

Late-glacial vegetational conditions at these locations.
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Bl Field Equipment and Techniques.

The field equipment used in this research consisted
of a Hiller peat sampler with a chamber length of 50cm;
light alloy extension rods, each 1.5m in length and marked
at 1Ocm intervals; 1level snd staff; plus the usual
sterilised bottles, spatulas, labels etc.

At most sites investigated buried beach and overlying
peat deposits are concealed beneath carse clay; thus a
Hiller sampler was used to obtain stratigraphic information
and samples for pollen analysis. A soil suger was first
used to remove unwapted surface material, where present, in
order to facilitate entry of the sampler. Successive cores
were then etracted from alternate closely spaced boreholes;
samples being taken at 5cm intervals from the centre of
each core. Additional samples were tasken for examination
of macrofossils. Where deposits were exposed, as at
Dollhouse Sites 1 and 2, Newburn and Easter Offerance,
samples for snalysis were obtained from a cleaned face.

A sample of wood from minerogenic deposits at Dollhouse
Site 1 and samples of peat from Newburn and Easter lMye were
obtained for radiocarbon assay. At these locations the
samples for radiocarbon dating were collected from cleared
faces. At Woodend Farm Site 1, however, organic material
for radiocarbon assay was extracted from the lowest 1Ocm
of peat by sinking about 30 closely spaced bores and taking
from the bore chamber in each case only a narrow central
band of peat (about lcm). Despite these precautions,
contamination from higher levels in the peat was possible,
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therefore additional samples of peat from 30 - 40cm
higher in the bores were obtained for dating. These
samples consisted of wood from a8 branch or trunk of birch,
about 1Ocm thick, and contemination of this material during
boring was unlikely. About 450gm of peat and a similar
amount of wood fragments were collected for radiocarbon
assay at this site. All semples for radiocarbon dating
were oven dried in the laborastory prior to despatch to a
radiocarbon laboratory for processing.

Each site investigated was accurately levelled from
Ordnance Survey Bench Marks and critical stratigraphical

levels were related to Ordnance Datum.
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Bedds Laboratory Technigues.

Semples for pollen analysis were chemically treated
in the laboratory with the objects of separating pollen
from their matrix snd then concentrating the former in a
suitable mounting medium prior to examination. The
chemical treatment used depended upon the nature of the
deposit. For pure peats a method outlined by Godwin
(1956) was used. First, 2gm of each sample were disin-
tegrated by digestion at 100°C in 10% potassium hydroxide,
followed by sieving and alternste washing and centrifuging;
second, delignification of the centrifugate was obtained by
adding to this material a mixture of glacial acetic acid
(8 c.c.), sodium chlorate (4.5 c.c.) and concentrated
sulphuric acid (1 c.c.) followed by centrifuging and washing;
third, acid hydrolysis of the celluloses was achieved by
adding & mixture of glacial acetic acid (10 c.c.) and con-
centrated sulphuric acid (1 c.c.) to the centrifugate which
was then heated at 100°C for about 30 minutes, after which
the sample was washed and centrifuged. Mineral matter,
when present, was removed prior to acetolysis by boiling the
sample in 40% hydrofluoric acid, as described by Faegri
and Iversen (1964). This procedure was also used to treat
pure clay and silt samples.

Microscopic slides were prepared by mounting the
centrifugate in approximastely twice its bulk of safranin-
stained glycerine Jjelly. Pollen and spores were then
identified and counted with the aid of a Baker Patholette
microscope fitted with binocular tubes and & micrometer

=61=



stage. The ususal magnification was X320, being incressed
to X1,000, with oil immersion, when required. To assist
identificetion of the pollen and spores reference slides,
together with illustrations, keys and descriptions in text
books by Erdtman (194%); Erdtmesn et sl (1961, 1963%);
Hyde and Adems (1958); Knox (19%8); Kuprianova (1965) and
Wodehouse (1935) were used.

To examine macroscopic contents of the deposits, samples
were first broken down by sosking in 5% sodium hydroxide.

Seeds and plent fragments were then weshed and inspected.
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) B b 0 The Pollen Disgrams.

In order to obtain pollen freguencies illustrative
of Post-glacial vegetational development in the research
area, a total of 150 arboreal pollen grains, excluding
Corylus and Salix, was counted from each prepsred sample;
non-arboreal pollen and spore freguencies being expressed
as percentages of the tree pollen sum. In The Homesteads
disgrams (Figs. 19 asnd 20) the pollen and spore counts
at 420cm are expressed as percentages of 100 arboreal
grains, as the sample at this level was poor in pollen.

Small numbers of Polypodium spores sre grouped with

those of Filicales; while similar counts of Lycopodium

annotinum, L.clavatum, L.inundatum and L.selago are combined

under Lycopodiaceae. Where applicable, these species are
mentioned in the text, as are derived spore types which
are grouped under the heading Derived Carboniferous Spores.
It is possible, however, that some of these Pre-Quaternary
spores may have originated from rocks other than those of
Carboniferous aée.

A total of 300 pollen and spores, excluding derived
Pre-Quaternary spores, was counted from each ssmple obtained
from Late-glacial ice-transported marine deposits in the
Menteith and Kinlochspelve end moraines, as arboreal pollen

were sparse in the samples from these sites.
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4.i. Woodend Farm Site 2. (NS 561954).

Woodend Farm Site 2 is locsted in the westernmost
part of the Forth lowlsnd and is situated at a point on
the south-western edge of West Flanders Moss. Until
recently the surface vegetation of the moss at this
location consisted mainly of Sphagnum spp with grasses,
sedges and Ericoids. This vegetation has been cleared,
the moss surface drained snd planted with young conifers
by the Forestry Commission.

This site has been chosen to provide dats relevant
to Post-glacial vegetation development of the area because,
as the stratigraphic diagram (Fig. 7) shows, the bore
traverses (1) the upper reised moss peat of Flanders Moss,
(2) the carse clay, (3) the lower peat, and reaches miner-
ogenic deposits of the Main Buried Beach. Hence the
principal physical phenomena of the Post-glacial of the
upper Forth vselley are represented by the samples from each
of the distinctive horizons intersected by this bore.

Stratigraphy and Macrofossil Content.

The lowest minerogenic layer at this site consists of
grey micaceous silty clay of the Main Buried Beach which
contains macro-remains of reed and sedge. The surface of
this buried beach, at 680cm, is overlain by over Zm of

Phragmites/Carex peat. This orgenic material includes

bands of birchwood fragments from 63%6-600cm, 510-480cm
and 457-45lcm. The peat is replaced by a thin wedge of
carse clay from 450-420cm and contsins abundant macro-
remains of reed and sedge. Overlying the carse clay are
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raised bog peat deposits over 4m thick. The lowest 19cm
of this peat layer, from 419-400cm, consists predominantly
of reed and sedge remains. This peat type is overlain

by 1.8m of mainly Eriophorum spp peat which merges into

that of Sphagnum which extends from about 170cm to the
surface of the moss. Details of stratigraphy and macro-

fossils at this site are tabulated below in Table 1.

Table 1.
Sl o Deposit amd Macrofossil Content
SaTrEas p A acrofossi onten
0-170 Sphagnum peat, poorly humified.

171-220 Poorly humified Sphagnum/Eriophorum spp
peat, macro-remains of the latter type
increase in abundance with depth.

221-400 Eriophorum spp peat, of low humification.

401-419 Phragmites/Carex peat, poorly humified;
Sphagnum lesves common.

420-450 Carse clay containing abundant leaves and
stems of reed and sedge; 1 Carex sp. fruit;
1 Scirpus sp. seed; 3 Lynchis - flos -
cucull seeds; 1 Rumex acetosa fruit;

1 Betula sp. fruit.

From 451-679cm are peat deposits composed
predominantly of Phragmites and Carex
remains. The humification of this pesat
layer is low.

4514579 Numerous fragments of Betula wood; 1
Betula sp. seed; 1 Menyanthes trifoliata
seed.

458-480 Phragmites/Carex remains.

481-510 Betula wood; 1 Betula sp. seed;

1 Eriophorum sp. fruit.

511-590 Phragmites/Carex remains.

Continued/
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Table 1, continued.

gﬂrgggg Deposit and Macrofossil Content

591-599 Abundant Sphagnum lesves.

600-612 Numerous Sphagnum leaves and Betula twigs.

©1%-63%6 Abundsant pieces of Betula wood.

637-670 Abundsnce of Sphagnum leaves.

671-679 Phragmites/Carex macrofossils.

680 + Grey micaceous silty clay (bese not reached)
containing leaves and stems of Phragmites
and Carex; 1 Carex sp. fruit.

The arboreal pollen diagram (Fig. 8) from Woodend Farm
Site 2, the longest of all the pollen disgrams presented
in this thesis, is of key importance as its features
provide a standard of reference with which vegetational
and geomorphological data at other locations in the
research area can be compared and correlated.

Pollen zones proposed by Godwin (1940) have been
widely accepted and used for the sub-division of Post-
glacial pollen diagrams throughout the British Isles.

When first proposed, they were correlated with the Blytt-
Sernander sequence of Post-glacial climatic periods in-
Scandinavia and archaeological and geological events in
Britsin and Scandinavia, snd given connotations of time
synchroneity and climatic eguivalence. Little difficulty
hss been found in applying this zonal scheme to pollen
diagrams in England and Wsales. The spplication of
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Godwin's zonal criteria at meny Scottish sites (including
those investigated by Durno, 1956, 1957, 1958c, 1959;
Donner, 1957, 1962; Vesari end Vasari, 1968; Moar, 1969),
however, is not always possible, as the pollen frequencies
in the disgrams from these locations differ from those
exhibited in diagrems from more southerly sites.

In view of differences in Post-glacial vegetational
history reflected in many pollen disgrams from sites in
different geographical aress of Britain, detailed corre-
lation of pollen zones between distent locations is not
always possible; although broad correlations of regional
vegetational history may be made (West, 1970). The
problem of correlating vegetational history within the
British Isles has been discussed by West, who proposed a
method of correlation based upon biostratigraphy in sccord-
ance with accepted rules of geological nomenclature.

According to West, a type site should be selected
for each region where the most complete pollen and strati-
graphic record for s given period is available. From the
biostratigraphical data at this site, a regional type
pollen diagram may be constructed. The pollen assemblages
in this diagram should be divided into pollen assemblage
zones, and these biostratigraphical units into broad
chronozonal divisions as defined in the Report of the
Stratigraphical Code Sub-Committee (1967).

In the light of West's proposals, the diesgrams from
Woodend Farm Site 2 are divided into pollen assemblage
zones; a pollen assemblage zone being defined as a body
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of strats characterised by certain assemblages of fossils
without regard to their ranges, as stated in the Report of
the Stratigraphical Code Sub-Committee. Thus eight pollen
assemblage zones, Forth Valley (F.V.) Zones I-III, are
tentatively recognised in Fig. 8, each Zone being distin-
guished by and named after dominant arboreal pollen
frequencies.

These biostratigraphical units are divisible into three
broadly defined Post-glacisl chronozones, PGl - PG3; a
chronozone being defined as a segment of a rock sequence
adopted as 8 standard unit of chronostratigraphy distin-
guished by marker points in type sections (as stated in
the above Report, 1967). Thus Chronozone PGl covers the
period of immigration of woodland species into the resesrch
area from Zones F.V.1 - F.V.5. PG2 corresponds to forest
development in response to probable optimal climatic
conditions in the Forth valley during Zone F.V.6. PG3
corresponds to probable anthropogenic influence upon forest
vegetation in the upper Forth valley during Zones F.V.7 and
B, V8. These broad divisions of the Post-glacial, based
upon similar chronozonal divisions of the Flandrian (Post-
glacial) proposed by West for sites in England and Wales,
are regarded as provisional as the limits of these chrono-
zones are not dated by radiocarbon.

According to West, his chronozone sequence for Flandrian
deposits can be applied to Godwin's (1940) pollen assemblage
zones at Post-glacial sites in England and Wales. Thus
West's earliest chronozone, F.l, relates to Zones IV-VI of
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Godwin's schema, and embrace the Pre-Boreal snd Boreal
periods; F.2 corresponds to sub-zone Vlla, the Atlantic
period, and F.3 to sub-zone V11lb and Zone VIII, the Sub-
Boreal and Sub-Atlantic. The spplicability of West's
schema to that proposed by Godwin has been demonstrated by
Hibbert et a1 (1971); radiocarbon dates of pollen assemblage
and chronozone boundsries of Flandrisn deposits at their
site at Red Moss, Lesncashire, agreeing with dates from
comparable boundaries st Godwin's (1957) site at Scaleby
Moss, Cumberland.

The main disgram, the srboreal pollen diagram, from
Woodend Farm Site 2 illustrates trends in Post-glacial
forest history comparable to many others of the British
Isles, and the zones characteristic of British forest
history, as proposed by Godwin, seppear clearly recognisable
in i%G. There are, of course, some differences, explainable
by differences in the regional physiceal environment. There
is also a divergence in the chronology of the zonal bound-
aries as shown (later) by ol dates,

In view of broad similarities between the pollen
assemblage zones displayed in Fig. 8 from Woodend Farm and
those of Godwin's schema, the zonal and sub-zonal divisions
proposed by Godwin are displayed with equivalent Forth
Valley pollen assemblage zones in the diagrams at Woodend
Farm Site 2 and in those from the other sites investigated.
As stated, Godwin's Post-glacial pollen assemblage zones
are correlated with the climatic periods of Blytt and
Sernander; thus in the light of the preceding discussion
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these climatic periods are also applicable to the pollen
assemblage zones at Woodend Farm.

The Forth velley chronozones, pollen assemblages and
zones, and their relationship to Godwin's zonal divisions
and the Blytt-Sernander climatic periods are summarised

in Table 2 below.

Table 2.

Post- Pollen F'orth Godwin's | Climatic
glacial | Assemblages, Valley | (1940) Periods of
(PG) Woodend Farm, ZONes . zZones Blytt and
Chrono- | Site 2. and sub- | Sernander.
zone. zZones.

Betula - Alnus .

~ Quercus. 8 VIIT Sub-Atlantic
PG3

Alnus - Betula

~ Quercus. 7 VITb Sub-Boreal

Alnus - Betula - .
PG2 Obercus = Ulines 6 VIIa Atlantic

Alnus - Betula. 5 Vic 3

Quercus - Alnus g

- Betula - Ulnus. 4 VIb J

Betula - Pinus - )
PGl Ulmus - Corylus. 5 Via %Boreal

Betula - Ulmus - 2 v )

Corylus. %

)
Betula - Salix 1 Iv Pre-Boresl

The Pollen Diagrams (Figs. 8 and 9).

The outstanding regional features illustrated by the

AP (arboreal pollen) disgram, (Fig. 8) are as follows:-
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Throughout Post-glacial time Betula has been either
dominant or & subdominsnt component of the woodland
vegetation, even if the known over-representation of its
presence by pollen is allowed for. Its pollen is
extremely abundant in the early Post-glacial (Zones F.V.

1, 2, 3) but it becomes less frequent in the middle Post-
glacial when the larger deciduous species such as Ulmus and
Quercus advanced into the forests in response to increasing
climatic warmth and to the development of more eutrophic
soil conditions in the area. In the later Post-glacial
(Zones F.V.7 and 8) Betula pollen asgsin became important,
since climatic and soil deterioration together with forest
destruction by man, all favoured its re-establishment.

On the other hand, Pinus has clearly never exercised
the dominance indicated by the pollen diagrams of northern
Highland sites (Durno, 1958b, 1959; Donner, 1957, 1962;
Vasari and Vasari, 1968) or those of eastern England in the
earlier Post-glacial (Godwin, 1956). Although the pollen
representation of the tree is fairly constant until Zone
F.V.6, this is very likely the result of long distance
transport of the pollen snd many studies have shown that
such transport is important (Erdtman, 1943%; Faegri and
Iversen, 1964 ). Maps of the former forest cover of
Scotland, published by Steven and Carlisle (1959) and by
McVean snd Radcliffe (1962), indicate that the Forth Valley
was south of the area where Pinus was dominant, i.e. the
Central and Northern Grampian Highlands.

The type diagram shows clearly, however, that there
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hes been in Central Scotland a considerable middle Post-
glacial immigration of the large broad-leaved species,
namely Quercus and Ulmus, as shown in Zones F.V.3, 4 and 5.
This is contrary to the general supposition expressed by
workers more familiar with conditions in southern England.
When allowance is mede for the known under-representation

of Ulmus and Quercus pollen, it becomes clear that these
species were dominant over large areas and there is also
macro-evidence to support this (e.g. osk stumps in peat bogs,
as described in Section l.v.P.42).

Nevertheless, there are differences in the manner in
which these species have developed in the middle Post-
glacial forests, contrasting with the evidence from English
sites. Thus the rise of both species has been very gradual;
gradual change in the composition of the birchwoods of that
period, but it was evidently more numerous thsn oak, which
increasses its representation even more slowly. Hence the
sub-division of the Boresl is different from that st English
sites; the English sub-zone Vla is represented by a longer
period of time here. Eventually the Ulmus dominance gave
way to that of Quercus, allowing the demarcation of sub-
zone V1b, as in England.

A further contrast with English sites is the earlier
and more gradual advance of Alnus. This may be due to the
widespread existence in Scotland of sites favourable to
Alnus, such as low-lying hollows floored by heavy and wet
clays, or kettleholes, the result of more recent glaciation.

=72



(We are reminded of the opinion of Tacitus, the Roman
historien who, at & later time, described Scotland as

"a land of bogs and marshlands"). This early appearance
of considerable Alnus pollen frequencies is seen in Zones
F.V.4 and 5, before the main rise in Zone F.V.6. In
fact, so gradual is this rise, it becomes very difficult
to place the zonal boundary with absolute precision.
Alnus, however, as in southern England, became very abund-
ant above that level, and thus the Atlantic sub-zone shows
many of the features recognised elsewhere in the British
Isles.

Corylus again is very similar in status to that which
it occupies at English sites. Its values rise very sharply
in the early Boreal and it must have formed either a dense
pioneer scrub or possibly also a dense understory shrub
layer in the deciduous broad-leaved woodlands. It forms
a very high proportion of the pollen rein throughout the
Boreal period (Zones F.V.2 and 3) although values diminish
sharply with the development of closed broad-leaved deciduous
woodland, indicated by the Ulmus and Quercus values in Zones
F.V.4 and 5.

The decline in Ulmus, used as the zonal criterion
marking the passage from F.V.6 to F.V.7, is clearly indicated
in the diagram. This event has been the subject of much
discussion; in general it has been considered to be the
result of selective destruction of this species by primitive
farming communities who used the foliasge of the tree for
feeding their stock; at the same level, pollen of Plantago
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lanceolata, a common weed of land cleared for pasture,

becomes frequent with other plants characteristic of open
cleared land. The NAP (non-srboreal pollen) diasgram
(Fig.9) from Woodend Farm Site 2, however, contains no such

evidence of the presence of Plantago lanceclata at this

level, although the activities of primitive farming commun-—
ities are indicated by the occurrence of Plantago pollen
at higher levels in the diagram, from 240 - 170cm end from
178 - 80cm. The fluctuations in the frequencies of Plantago
pollen at these levels are accompanied by reciprocal
fluctuations of tree species indicating forest disturbance
and its replacement by non-arboresl species.

The Woodend Farm Site 2 diagram thus provides an
indication of the broad development of forest vegetation
in the western Forth Valley. Other diagrams from sites
in the same area have provided a closely comparable picture.
Thus Durno (1956) has described forest vegetation on the
evidence of a diagram from East Flanders lMoss, fairly close

to Woodend Farm. His curves for the Betula, Quercus, Ulmus,

and Corylus species are strikingly similar to the pollen
profiles of these taxa in the diagram from Woodend Farm
Site 2. In addition the AP curves in Donner's (1957)
Drymen diagram reflect a comparable stage of Post-glacial
forest history to that reflected in Fig.8 from Woodend Farm.
Shorter cores, again from the same area, have been
analysed for pollen also by Newey (1966). The tree pollen

curves, particularly those of Betula, Quercus, Ulmus and

Corylus, from his diagrams at sites at UWest Flanders lMoss
) O



and Kippen, also closely resemble the pollen profiles of
these texe which characterise the expansion of woodland at
Woodend Farm from the early to the middle Post-glacial.
This stage of Post-glacisl time is also characterised by
comparable woodland development reflected by similar AP
curves in a disgram presented by Vasari and Vasari (1968)
from Drymen, a short distance west of Woodend Farm. In
addition, Turner (1965) has described a sequence of forest
development in the upper Forth valley during the late Post-
glacial (from the Atlantic to the Sub-Atlantic) from a site
at West Flanders lMoss. The trends of the AP curves in her
diagram are also comparable to those reflecting late Post-
glacial woodland history in the disgram from Woodend Farm
Site 2.

The NAP diagram (Fig.9), together with biostratigraphy,
provides some evidence of local vegetational changes in the
area, as distinct from the general pattern of change of the
tree cover.

The near horizontal surfaces provided by the buried
beach and the carse clasy surface, being composed of deposits
of low permeability and poor drainage, were suitable sites
for the development of peat. In the lower part of the
diagram, represented by Zones F.V.1l, 2 and 3, this organic

deposit is marked by an sbundance of Phragmites and Carex

fragments and high pollen values of these plants together

with Sphagnum spores.
A significant event was the flooding of this peat by

the rise in sea-level produced by the main Post-glacial
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marine transgression and the deposition upon it of the
carse clay. Some evidence of the presence of plants of
brackish or saline conditions, such as those of Chenopodiaceae
and Compositae, is shown in the NAP diagram, although this
event is indicated by pollen evidence much more clearly at
other sites to be described later.

The upper peat deposit, which appears above the carse
clay, belonged to the phase of terrestrial oligotrophic
peat formation, which resulted in the development of the
large reised bogs of the area of which Flanders Moss is pert.
Hence Sphagnum, the principal peat-building plant, is repre-
sented in the diasgram by its spore counts together with
Cyperaceae and Ericoid pollen. The extremely rapid growth
of these bogs, produced in the area by the climstic deter-
ioration which began in Zone F.V.8, is indicated by the

increased values of these pollens and particularly of the

spores of Sphagnum.
Summary.

Woodend Farm Site 2, located in the westernmost part
of the Forth Valley, was chosen to provide data of Post-
glacial vegetational history in this area. This site is
of key importance as deposits reflecting the principal
physical events of the Post-glacial in the upper Forth
Valley are represented at this location.

The main diagram, the AP diagram, is thus of major
importance, as its features provide & standard of reference
with which vegetstional and physical history at other sites
investigated can be compared and correlated.
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Following the rules of geological nomenclature, as
laid down by the Report of the Stratigrsphical Code
Sub-Committee (1967), the arboreal pollen frequencies in
the Woodend Farm Site 2 disgram sre divided into pollen
assemblage zones. Each of these zones, of which there
are eight, is distinguished by snd nsmed after character-
istic pollens. They provide an indication of the stages
of Post-glacial forest history in the upper Forth Valley
and are comparable to the sequences of Post-glacial wood-
land development recorded at more southerly sites.

The polleﬁ assemblage zones in the Woodend Farm Site
2 diagram are divided into three Post-glacial chronozones
(PG 1-3). Chronozone PGl covers the period of immigration
of woodland species in the area, the development of the
lower peat, the carse clay and the peat represented in Zone
PV 5. Chronozone PG2 corresponds to Zone F.V.6 when
broad-leaved deciduous trees reached their meximum develop-
ment in the region and raised moss developed at Woodend Farm
Site 2 in response to probable optimal climatic conditions
in the research ares. Chronozone PG3 represents the period
of probable anthropogenic influence upon forest development
in the upper Forth Valley and the continued development of
raised bog at Woodend Farm Site 2. These chronozonal
divisions and the boundaries of the pollen assemblage zones
at this site are provisional, however, as they have not been

dated by radiocarbon.
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Hedd, Woodend Farm Site 1. (NS 560955)

This site is situated 175m north of Woodend Farm
Site 2 in the south-westernmost part of West Flanders Moss.
At the time of the site investigations the moss surface at
Woodend Farm Site 1 had recently been prepared for
afforestation by the Forestry Commission. As 8 result the
surface of the moss had been cleared of vegetation, drained
and planted with young conifers. Beneath these trees snd
uncleared spsces, the moss surface was being colonised by
grasses, sedges and Ericoids.

Borehole evidence (displayed in Fig. 7) shows that
there is a grest thickness of peat in this locality.
Within this organic layer is a wedge of carse clay which
decreases in altitude and thickness southwards. Woodend
Farm Site 1 is situated at a point where the surface of
the carse clay attains a maximum altitude of 14.5m 0D, as
a2 major objective wes to date the termination of carse
clay deposition sand associated marine conditions of the
main Post-glacial transgression in this part of the
western Forth valley.

Stratigraphy and Macrofossil Content.

As the msin aim of the investigations relates to
ascertaining the termination of the masin Post-glacial
transgression, only the top 19cm of carse clay, from
450-431cm, snd the lowest 1O0cm of the overlying peat,
from 430-410cm, at this site were investigated in detail.

The former deposit contained remains of Phragmites and

Carex, which became less abundant as depth incressed.
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Similsr orgenic remains are predominant in the lowest 5cm
of peat (from 4%0-425cm) overlying the carse clay surface.
This peat type was replaced by that of Sphagnum from 424-
410cm. A summary of the stratigraphy snd macrofossils
investigated at this location is given in Table % below.

Two radiocarbon dates were obtained from separate
horizons in the peat. Organic material from the lowest
10cm of peat (from 430-420cm) gsve a date of 6,490 + (1—35309]
125 B.P., and a date of 6,135 + 105 B.P., was obtained from
birchwood from 390-3%80cm. {I’ff339)

Table 3.

Cm from Deposit and Macrofossil Content
surface
4.10-424 Sphagnum peat, of low humification.
425-430 Phragmites/Carex peat, of low humification.
431-450 Carse clay, containing leaves and stems

of Phragmites and Carex which decrease in

abundance with depth; 2 Carex sp. seeds.

The Pollen Diagrams (Figs. 10, 11)

The non-arboreal pollen evidence indicates that Woodend
Farm Site 1 was influenced by marine conditions as carse
clay accumulated at this location. Evidence of marine
influence is furnished by high frequencies of Gramineae
and smell sums of Chenopodiaceae pollen, which indicate the
probable local presence of saltmarsh vegetation in response
to a high sea-level. This type of vegetation diminished
as carse clay deposition drew to a close as signified,
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notably, by the progressive fall in Chenopodiacese pollen
values towards the carse clay surface.

The withdrewal of the sea from this site is represented
firstly, by the replacement of carse clay by peat;
secondly, by the abrupt diminution of pollens indicative of
marine influence. As the sea withdrew, saltmarsh conditions
were evidently replaced by freshwater swamp which developed
over the almost level carse clay surface, as indicated by

abundant macrofossils of Phragmites and Carex in the lowest

5cm of peat, from 4%0-425cm.
Freshwater swamp was later replaced by raised moss,

as signified by the replacement of Phragmites/Carex peat

by that of Sphagnum. The development of oligotrophic
communities is confirmed by rising values of Sphagnum
spores and Ericaceae pollen in the upper part of Fig. 1l.
The development of ombrogenous bog at this site may well
have been favoured by a change in site conditions such as
the replacement of base-rich drainage water by acid water;
the latter being associasted with poor drainage of the carse
clay surface. In addition the development of raised bog
at this location was probably associated with increased
precipitation, for evidence presented below shows that the
moss peat deposits investigated at this location are of
Atlantic age; a period characterised by s wet climate and
widespread development of raised bogs in Britein.

The arboreal pollen frequencies from 450-435cm in Fig.
10 are dominated by Pinus, which suggests thet this species
was a major component of the regional woodland during the
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time when cerse clay was deposited at this site. Most,

if not all, of the Pinus pollen in this minerogenic
deposit, however, may be derived, having been incorporated
into the carse clay during tidal movements, because firstly,
this pollen type is well adapted to transport by sea
(Erdtmen, 1943); secondly, large numbers of Pinus pollen
are characteristic of marine deposits snd associated high
sea-level at coastal sites in Englend (Godwin, 1943) and
Germany (Brinkmann, 1934)., On this bassis the Pinus pollen
frequencies from 450-4%5cm are probably unrepresentative of
the regional forest vegetation during the time carse clay
was laid down a8t Woodend Farm Site 1. The remainder of
the arboreal pollen totals probably indicate that as carse
clay was deposited at this site the regional forest vegeta-
tion consisted of oak, elm and birch together with shrubby
species such as hazel. In addition low pollen values of
Alnus pollen mey signify that this plant was also present
in the region.

As peat developed over the carse clay surface at this
site, alder became an important woodland constituent as
indicated by high pollen velues of this genus from 430-410cm
in Fige: 16; It is possible that alder was present in
favourable damp hollows in the carse clay in the vicinity
of Woodend Farm Site 1. The possibility also exists that
the pollen values of Alnus from the peat are over-represented,
as this genus is a prolific producer of pollen, (as described
in Section 4.i. above) thus the remainder of the arboreal
pollen totals mey be depressed. .
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The representation of Alnus pollen from the peat 1is
comparable to the pollen totals of this plant represented
in Zone F.V.6, the Atlesntic period, in the type disgram
from Woodend Farm Site 2. An Atlsntic age for the peat
at Woodend Farm Site 1 is also indicsted by the radiocarbon
dates of 6,490 + 125 B.P. and 6,135 + 105 B.P. obtained
from this organic layer, as these dates fall within the
Atlantic period deted at Scaleby Moss by Godwin, Walker
and Willis (1957) as between 7,425 + 350 B.P. and 4,925 +
134 B.P.

It might be suggested thst the low Alnus pollen vslues
from the carse clay may be referable to an earlier pollen
assemblage zone, such as Zone F.V.6 at the type site at
Woodend Farm Site 2, as the pollen totsls of Alnus in this
zone are comparable to those from the carse clay at Woodend
Farm Site 2. This suggestion implies that there is either
a hiatus between the carse clay and the peat, or that the
Alnus pollen values are depressed by those of Pinus. The
first possibility is not likely in view of the presence of

macro fragments of Phragmites and Carex in the peat

immediately above the carse clay indicating a phase of
freshwater swamp following the transgression. The second
possibility seems also inadmissible as the arboreal pollen
values from the carse clay were recalculated, firstly, by
excluding those of Pinus, secondly, by proportioning Pinus
pollen totals amongst the remainder of the AP frequencies,
and no significant changes are spparent as illustrated in

Figs. 12a, 12b.
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As ses-level was high during the time when the carse
clay was laid down at Woodend Farm Site 2, it is possible
that the expsnsion of Alnus in this locality was delsyed
until the see retreated and peat began to develop over the
carse clay, as alder is highly intolerant of ssltwater
(Buxton, 1942; Richardson, 1955). On this bassis the
carse clay appears to be referable to the Atlantic period
(Zone F.V.6). Thus in the light of the above pollen and
radiocarbon evidence, the main Post-glacisl marine trans-
gression terminated at Woodend Farm Site 1 about 6,500 B.P.
during the Atlantic period.

Summary.

Pollen and radiocarbon evidence indicate that the msin
Post-glacial marine transgression terminsted at Woodend
Farm Site 1, situsted in the south-westernmost part of the
Forth valley, during the Atlentic period, at ebout 6,500

B.P.
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I s Easter Offerance Site. (NS 582962)

This site is loceted in a channel occupied by a
small stream which flows northwards to join the river
FForth. For most of its length the channel is a narrow,
shallow depression in the carse but becomes progressively
deeper with steep-sided banks towards the Forth. In many
places these steep basnks have slumped, covering parts of
the channel floor with veriable thicknesses of carse clay.

Site investigations were carried out et a point on
the channel bottom about 15m south of the Forth. At Ehis
locaztion the streem bed consists of a thin layer of pest.
Buried beneath this organic deposit is a lsyer of tenacious
grey clay. These orgenic and minerogenic deposits were
traced leterally e short distance beneath a relatively thin
layer of slumped carse clay from the stream to the west bank
of the chennel. Southwards the peat and underlying grey
clay extend as essentially horizontal features for sbout 10m
and are then replaced by carse clay. The peat snd grey clay
could not be traced northwards owing to considersble thick-
nesses of slumped carse clay.

The main aim of the investigations was to obtain bio-
stratigraphic evidence which would indicate whether or not
the grey clay beneath the peat is related to the Main Buried
Beach in this part of the western Forth valley. To this end
only three samples from the uppér grey clay close to the west
bank of the channel were snalysed.

Straticraphy and Macrofossil Contents.

The top deposit at this site is carse clsy, over 3.5m
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thick, in which no orgsenic material was seen. Beneath
this minerogenic layer is a band of peat, about 10cm
thick, which consists predominantly of leaves and stems

of Phrsgmites and Carex. The peat rests upon the surface

of a layer of grey clay which contains sabundant leaves and

stems of Phragmites, the stems of which pass vertically

into the overlying peat. Owing to the tenacity of the grey
clay the base of this minerogenic deposit was not reached.
A summary of the stratigraphy and macrofossils at this site

is presented in Teble 4 below.

Table 4.

Lt 5 e Deposit and Macrofossil Content

surface
0-3%63 Carse clay.

A64-574 Peat, highly humified, consisting pre-
dominantly of leaf and stem fragments L
of Phragmites end Carex.

375-3%85 + Grey clay, containing abundant leaves and
stems of Phragmites and Carex.

The Pollen Diagram. (Fig. 13)

An indication of probable vegetational conditions at
Easter Offerénce, as the grey clay accumulated at this site,
is furnished by mecrostratigraphy asnd non-arboreal pollen.

Abundant leaf and stem fragments of Phragmites, together

with high Gramineae and Cyperaceae pollen totals, signify
the presence of reedswamp. Low values of Chenopodiaceae

and Plantago maritima pollen indicate that representatives

of these saltmarsh plants were also probably present in the
-85-
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site vicinity, end further indicate that the Easter
Offerance site was influenced by marine conditions. On
this basis it appears that the grey clay was deposited at
this site during a period of high sea-level.

During the time when the grey clay was being laid down
at Baster Offerance, woodland apparently existed in the
region. The AP frequencies signify that this arboreal
vegetation consisted of oak, elm and birch together with
shrubby species, notably hazel and willow. Pinus may also
have been present in the region, but it seems more likely
that the pollen grains of this genus in Fig. 13 are
unrepresentative of the vegetation, having been probably
incorporated into the grey clay during the period of the
prevailing high sea-level.

The pollen totals of warmth demanding species such as

Quercus, Ulmus and Corglﬁs broadly agree with the pollen

frequencies of these taxa represented in Zones F.V.3-5,
the Late-Boreal period, in the regional type diagram from
Woodend Farm Site 2. A Late-Boreal age is also suggested
by low values of Hedera pollen, as comparable pollen totals
of this thermophilous genus are recorded in Late-Boreal
deposits by Donner (1957) at sites in central Scotland.
On this basis it sppears that the grey clay at Easter
Offerance was laid down during the Late-Boreal. This
interpretation is, however, very tentative owing to the
small number of samples analysed for pollen.

The Lete-Boreal age of the grey clay indicates that
this deposit is not related to the Main Buried Beach as
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this feature, according to the researches of Newey (1966)
and Brooks (1972), ceased to sccumulate earlier, during

the Pre-Boreal. In addition the grey clay lacks mica, a
constituent that is highly characteristic of the Main Buried
Beach throughout the resesrch area. The grey clay cannot
be related to the High Buried Beach as this feature is
found east of the Menteith Moraine snd was formed while

Zone III ice was at, or in the vicinity, of the moraine.
Correlation of the grey clay with the Low Buried Beach can
also be excluded because firstly, Newey (1966) has shown
that this beach ceased to be formed during Zone V; secondly,
the surface altitude of the Low Buried Shoreline west of

the Menteith Moraine is about 1.6m lower than that of the
grey clay at Easter Offerance.

As the grey clay cannot be correlated with any of the
buried beaches it might be suggested that the grey clay and
overlying peat are not in situ. This suggestion, however,
can be dismissed for the following reasons; firstly, the
peat and grey clay are essentially horizontal features;

secondly, vertical stems of Phragmites pass through the

grey clay into the overlying pesat; thirdly, local slumping

of peat from the sides of the channel can be excluded

because no organic layer is present in the channel walls.
According to pollen and radiocarbon evidence from

other sites in the research area (described in Section 4),

carse clay was deposited in the western Forth valley during

a major marine transgression in the Late-Boreal (Zones

F.V. 3-5). As the grey clay also accumulated at Easter
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Offersnce during this period it appears that this deposit
is related to the carse clay.

The evidence above may shed some light upon the sequence
of events which took place at this site. 15 Deposition
of carse clay by a transgressing sea. 2 A temporary
withdrawal of marine influence from this site (discussed
later) and development of peat over the carse clay surface.
e Subsequently, the sea rose and began to deposit carse
clays over the peat.

Summary .

A layer of grey clay buried beneath peat and carse
clay at Easter Offerance was thought to be related to the
Main Buried Beach. Pollen evidence from the grey clay
indicates thast this minerogenic deposit is unrelated to
the Main Buried Beach but sppears to be related to the
carse clay. This interpretation is, however, very
tentative, being based on the analysis of only three

samples and a very thin band of pollen bearing deposit.
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4,iv. Easter Mye Site. (NS 582952)

The Easter Mye site is located on cultivated carse-
land west of the Menteith moraine, and is situated at a
point on the southern shoreline of the carse clay. A
major objective was to obtain biostratigraphical dsta by
which the rise of the main Post-glacisl marine transgression
at this site could be dated.

Stratigresphy and lMacrofossil Content.

Investigations were carried out at a point where carse
clay and peat were exposed in the bank of a8 small stream.
At this location the carse clay is about 76cm thick and

contains remains of Phragmites, Carex and Juncus. These

organic remains increase in abundance towards the base of
the carse clay. Underlying this minerogenic layer is a

band of peat composed mainly of Phragmites and Carex

remains. The bottom of this orgesnic layer was not reached,
but it is almost certain that it overlies sand and gravel,
as a stratigrephic sequence of carse clay, peat, sand snd
gravel was recorded from a trench dug within 2m of this

site (Sissons; unpublished). A rsdiocarbon date of 7,480
+ 125 B.P. was obtained from the upper 3cm of peat, from

80 - 83cm, exposed in this trench. Summaries of strat-
igraphy and macrofossils from the deposits exposed in the
stream bank and the trench close to this site are presented

in Tables 5 and © respectively.

~-89—



Table 5.

gﬁriggg Deposit and Macrofossil Content

0-76 Carse clay, conteining leaves and stems of
Phragmites and Carex which increase in
abundance with depth; 2 Juncus seeds.

77-95 + Phragmites/Carex peat, highly humified;
1 Rubus saxatilis seed.
Table 6.
Cm from Deposit and Macrofossil Content
surface (recorded by Sissons)
0-80 Carse clasy, containing s flat lying tree-
trunk from 70-80cm.

81-100 Peat, containing sbundant remains of reed;
abundant hazel nuts, some whole at tThe top
of the peat; some wood fragments are also
present in the peat.

101 + Sand and gravel of the Menteith moraine.

The Pollen Diagrams. (Figs. 14, 15)

The AP diagram permits an interpretation of the general
vegetational conditions of this area. Pollen of brosd-
leaved trees, notably Quercus and in somewhat lesser amount
Ulmus, are conspicuous, together with those of Corylus and

Betula. Pinus may have been present also, though probably

over-represented. Allowing for the knownunder-representation
of pollen of the dominants, a picture of mixed oak wood is
conveyed by the disgram, with perhaps a dense understory of
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Corylus; the latter indiceted both by pollen snd by nuts

of Corylus avellans among the macro-remains. Counts of

Alnus show a fluctuating rise towards the top of the diagram.

All these features are characteristic of the closing
stages of the Boreal and correspond fairly closely to the
English sub-zone Vlc and to some extent with pollen Zone
F.V.5 of the type site at Woodend Farm Site 2. Discrep-
ancies in the actual pollen frequencies are tentatively
explainable by differences in site conditions between Easter
Mye and Woodend Farm Site 2. As these sites are about 3Km
apart, exact correlation cannot be expected; but Easter Mye,
being on the edge of the carse clay and nearer to higher and
probably more freely drained land than at Woodend Farm,
evidently carried a greater frequency of oak and elm and a
lesser frequency of alder.

However, the raediocarbon dste of 7,480 + 125 B.P.
confirms the Late-Boreal age of the upper part of the peat
at Easter Mye. The Late-Boreal period, according to
Godwin, Walker and Willis (1957) lasted from 9,000 B.P. to
745001 BB, According to this dating the peat at Easter Mye
accumulated during the closing stage of the Boreal.

Considering the NAP diagrsm (Fig. 15) together with the
stratigraphy, the main event is the replacement of a fresh-

water swamp peat, with abundant Phragmites and Carex remnants,

by a deposit consisting of increasing smounts of mineral
matter representing the carse clay. This feature reflects
the initial rise of the msin Post-glacisl marine transgression
at this site. The rise in sea-level produced a saltmarsh
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type of habitat at first, indicated by pollen of plants
tolerant of brackish water or saline conditions such as

Phragmites, the Cyperacese and Chenopodiaceae. However, as

the transgression progressed, increasing salinity and a less
stable substrstum suppressed the growth of reed and sedge so
that only the plants of the pioneer stages of the saltmarsh
succession, such as representatives of the Chenopodiacese,
remained. A reversal of the usual saltmarsh succession is
thus suggested by the pollen frequencies and by the nature
of the stratigraphy, brought about by the trsnsgression.
Summary.

Pollen and radiocsarbon evidence from Easter Mye indicate
that carse clay began to sccumulate during the rise of the
main Post-glacial marine transgression at this location at

about 7,500 B.P. almost at the end of the Boreal period.
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Kow. Newburn Site. (NS 613961)

The Newburn site is located in s small valley cut in
the carse clay immediately east of the Menteith moraine.
The valley floor consists of carse clay, over which a smsll
stream, the Arngibbon Burn, flows northwards to meet the
Forth. Site investigstions were carried out at a point on
the west bank of the Arngibbon Burn, where the following
stratigresphic sequence, in descending order, carse clay,
peat and grey clay is exposed. The mein objective was to
date the rise of the main Post-glacisl marine transgression
at this location.

Stratigraphy and Macrofossil Content.

The carse clay exposed at this site is over 2.5m thick,
containing, between 263-268cm, wood fragments of Populus
and remains of reed and sedges. Underlying this minerogenic

layer is a thin band of Phragmites/Csrex pest which overlies

grey clay. This latter deposit also contsins remains of

Phragmites and Carex which pass vertically from the grey clay

into the overlying peat.

The base of the grey clay was not exposed at the time
site investigations were carried out, but according to
stratigraphic data recorded by Sissons (unpublished), the
grey clay at this site rests upon sand and gravels
associated with the Menteith moraine.

From samples of orgenic material from the top Jcm of
peat, from 269-272cm, a radiocarbon dete of 8,010 + 130
B.P. was obtained. Qi—Q?%)

ratigraphy end macrofossil content

~9%-
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recorded at this location by the writer snd by Sissons are

presented in Tables 7 snd 8 respectively.

Tsble 7.
St Deposit and Mecrofossil Content
surface P S g s
0-268 Carse clay, containing wood fragments of
Populus and leaf and stem fragments of
Phragmites and Carex from 263-268cm.

269-27"7 Peat, highly humified, containing sbundant
leaves and stems of Phragmites and Carex.

278 + Grey clay, containing remains of reed and
sedge which decrease in abundance with
depth; 3% Carex sp. nutlets.

Table 8.
gﬁr§£22 Deposit and Macrofossil Content
(recorded by Sissons)
0-268 Carse clay.

269-3%10 Peat.

311-%21 Grey clay, containing many plant remains
and scattered stones, the latter up to
2cm long.

522-359 Sand and gravel, containing stones up to
5cm long from %22-3%30cm; from %531-%58cm
deposits are iron-cemented.

The Pollen Disgrams. (Figs. 16 and 17)

The tree pollen curves in Fig. 16 signify the existence
of a regional woodland as the grey clay, peat and carse clay
accumulated at the Newburn site. This regional forest
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appears to have consisted of osk, elm and birch, together
with hazel snd willow. Pine may slso have been' present in
the region. The possibility exists, however, that the
Pinus pollen from the grey clay and carse clay are unrepre-
sentative; for according to stratigraphic and pollen
evidence below, these minerogenic deposits were laid down
during periods of high sea-level; thus some or all of the
Pinus pollen from these horizons may have been subject to
marine transport and deposition.

Some changes in the composition of the regional wood-
land during the time when grey clay, peat and carse clay
accumulated at Newburn are discernible in the arboresl
pollen profiles. The most striking change in the woodland
vegetation is the decline of hazel. This species appears
to have been a major woodland element as grey clay accumulated
8t Newburn, but was of relastively minor importance as carse
clay began to be deposited at this site, as signified by the
progressive fall in Corylus pollen vslues from 560% at 285cm
to 28% at 258cm in Fig. 16. It is possible that Corylus
declined as Quercus and Ulmus expanded in the region, as
rising pollen totals of osk and elm are accompanied by
relatively low hazel pollen frequencies from the carse clay.

The occurrence of wood fragments of Populus sp. in the
carse clay, from 263-268cm, suggests that this genus was
slso present in the region as carse clay began to be deposited
at Newburn. Populus sp. is a widely distributed tree,
having a northerly rsnge, and according to Tansley (1939),
is often found in present day oskwoods. Thus it seems
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possible that poplar was present during the time oakwood
expanded in the Newburn region. No pollen or mascro-remains
of Populus sp. have been recorded at other sites in the
western Forth valley. In fact Populus has been recorded at
a very small number of other Scottish sites. Of these,
small frequencies of poplar pollen have been recorded from
Boreal deposits at a site in southern Scotland by Godwin
(1956) and from deposits of a similar age from a site in
south-west Scotland by Moar (1969). In addition macro-
remains of Populus have been recorded from materisl of
equivalent age at a site in Aberdeenshire by Vasari and
Vasari (1968). In contrast, macrofossils of poplar have
often been found in Late-glacial Zone II deposits at more
southerly sites.

With regard to zoning, the similar freguencies of
Quercus and Ulmus pollen in Fig. 16 are unhelpful. However,
the decline of Corylus, the very low values of Alnus and
substantial counts of Betula pollen in this diagram broadly
agree with the pollen profiles of these taxa displayed in
Zones F.V.3 and/or F.V.4 in the type diagram from Woodend

Farm Site 2. In sddition the counts of Corylus, Alnus and

Betula in Fig. 16 are comparable to the pollen freguencies
of these species recorded in sub-zone V1b at Newey's (1966)
site at Kippen, sbout 1Km east of Newburn. At the former
site the Vle/Vlb trensition has been dated by radiocarbon
at 8,270 + 130 B.P. Thus the younger date of 8,010 +

130 B.P. obtained from the peat/carse clay junction at
Newburn indicates that carse clay begen to cover the peat
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at this site during Vlb. As this sub-zone corresponds to
Zone F.V. 4 a2t Woodend Farm Site 2, it appears that the
deposits at Newburn are referable to Zone F.V. 4.
Information of local site conditions as grey clay,
peat and carse clay accumulsted at Newburn is furnished by
stratigrephy and non-arboreal pollen. The freguencies of

Graminease, Cyperacese and Filipendula pollen from 285-280cm

in Fig. 17 indicate the probsble presence of freshwater
marsh in the vicinity of Newburn as grey clay was deposited.
In addition, smell sums of Chenopodiaceae suggest that salt-
marsh vegetation was also present, and further suggest that
the Newburn site was iniluenced by 8 high ses-level as the
grey clay was laid down at this location.

A change in stratigraphy from grey clay to peat at 278cm
indicates a withdrawal of marine conditions from this site.
This event, discussed later, was followed by the development
of freshwater marsh, signified by pollen frequencies of

Gremineae, Cyperaceae and Filipendula over the grey clay

surface. The sea, however, did not retreat far from
Newburn, as seltmarsh vegetation continued to develop as
peat accumulated at this site, as indicated by the totals

of Chenopodiacese, Compositae and Artemisia maritima pollen

from this organic material.
A return of marine conditions and the expansion of

seltmarsh vegetation is signified by rising values of

Chenopodiaceae and, to a lesser extent, Artemisia maritima
pollen from 269-258cm. During this time sea-level rose snd
carse clay begasn to be laid down over the peat at Newburn.
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In the light of the sbove evidence, the following
sequence of events possibly took place at Newburn.

L Grey clay wes deposited at this site during a period
of high sea-level. As this minerogenic deposit is of

Zone F.V.4 age 1t cannot be related to the buried beaches
in the western Forth valley as these features were formed
at earlier times (as shown in Section 4.iii above). It

is possible, however, that the grey clay is related to the
carse clay, as this latter material began to accumulate,
during a period of high sea-level, at Kippen during V1b
about 8,500 B.P., a short time before carse clay began to
be laid down at Newburn. 2. Marine influence temporarily
withdrew from Newburn and freshwster marsh and peat developed
over the surface of the carse clay. As this minerogenic
layer is probably related to the carse clay and as the land
was still rising as this latter deposit was being laid down
in the western Forth valley, it seems possible that at
Newburn the land rose faster than the sea and favoured the
development of peat over the exposed carse clay surface at
this site. B Sea-level subsequently rose, overtaking
the rising land and began to deposit carse clay over the
peat.

Summary.

Pollen evidence indicates that grey clay, peat and
carse clay accumulated at Newburn probably during Zone
F.V.4, The following sequence of events possibly took
place at this site. 5 Grey clay, possibly related to
the carse clay, was deposited at this site. 2 This was
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followed by a temporary withdraswal of marine conditions

and the development of freshwater peat over the surface

of the grey clay. Bie Subsequently sea-level rose and
began to deposit carse clays over the peat at about

8,000 B.P.
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Mol 4 The Homestesds and Bield Sites. (NS 7789%2.NS 696947)

These sites are located at points close to the
southern carse shoreline east of the Menteith moraine. At
both locations carse clay overlies peat which in turn rests
upon deposits of the Msin Buried Beach. The Msin Buried
Shoreline in this area slopes gently eastwards at an average
gradient of 0.12m/Km and then descends sharply through 1.5m
over a horizontal distance of less than 1lKm; it then becomes
horizontal for a distance of about 10Km (Sissons, 1972).

This evidence indicates that there is a pronounced dislocation
of the Main Buried Beach. It is possible, however, that two
buried beach surfaces of different ages are represented in
this part of the western Forth lowlands. Thus a8 major aim

of the investigations was to test this possibility.

Both sites are situated within 10m of the southern Main
Buried Shoreline, one on each side of the dislocation of
the buried besch (as shown in Fig. 18) and where overlying
peat was known to be well developed. At Bield the buried
beach surface is at 9.04m OD while farther east at The
Homesteads site it is at 7.44m OD.

At each site samples for pollen analysis were collected
from the upper part of the buried beach, from the overlying
peat and the lower part of the carse clay. Samples at
10cm intervals were analysed initially, intervening semples
at 5cm intervals being gnalysed later where more information
was required.

Radiocarbon dating of the peat at these locations was
not attempted since, with the equipment available,
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sufficiently large samples could have been obtained only

by putting down numerous closely spaced bores and the risk
of contamination was therefore high. It should be added
that the buried peat which rests upon the Main Buried Beach
is nowhere exposed in the area investigated.

Sotratigraphy and Macrofossil Content.

At The Homesteads site the buried beach deposits are
composed of grey micaceous clay. This minerogenic layer

contains leaf and stem fragments of Phrsgmites and Carex

from 420-409cm and sbundant Sphagnum leaves from 410-405cm.
Overlying the buried beach deposits is a bsnd of highly
humified peat about 74cm thick. The basal 4cm of this
organic layer, from 404-400cm, consists of Sphagnum peat
which is replaced by that of Phragmites/Carex from %399-3%9lcm.

From 390-368cm is Sphagnum peat which is replaced by

Phragmites/Carex peat from 367-355cm. From 375-355cm the

peat is impregnated with micaceous silt. From %54-355cm

is Sphagnum peat which is replaced by that of Phragmites/

Carex from 339-3%0cm. Overlying this organic deposit is
carse clay which contains abundant remains of reed and sedge.
Details of stratigraphy and macrofossils at this site are
summarized in Table 9 below.

Table 9.

v from Deposit and Macrofossil Content
surface
0-=329 Carse clay, containing abundant leaf and

stem fragments of Phragmites and Carex from
320-%29cm. Also in this horizon 1
Gramineae caryopsis.

/Continued
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Table 9, continued.

Cm from = : ;

e Deposit and Macrofossil Content
The peat layer underlying the carse clay,
from %30-404cm, is highly humified.

330-%3%9 Phragmites/Carex peat.

340-354 Sphagnum peat, containing 1 Empetrum
fruitstone.

355-36"7 Phragmites/Carex peat, impregnated with
micaceous silt.

268-390 Sphagnum peat; 2 Carex nutlets. From
368-375cm this peat type contains micaceous
Bl

391-%99 Phragmites/Carex peat; 1 Betula sp. fruit;
1 Carex sp. nutlet utricle with fungsl
fruiting bodies; 2 Menyanthes trifoliata
seeds.

4.00-4-04 Sphagnum peat; 1 Carex sp. nutlet;

1 Menyanthes trifoliata seed.

405-420 + Grey micaceous clay, containing sbundant
Sphagnum leaves from 405-410cm and leaf
and stem fragments of Phragmites and
Carex from 411-420cm.

The buried beach deposits at Bield consist of grey

micaceous clay, similar to that of the buried beach at

The Homesteads.

contains macro-remains of Phragmites and Carex together with

At the former site this minerogenic layer

fruits of Eleocharis sp., Scirpus sp., Triglochin maritima

and Carex sp.

Stems of reed and sedge pass vertically from

the grey clay into a band of highly humified Phragmites/

Carex peat, about 45cm thick. This peat is overlain by
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nearly 4m of csrse clay. The basal 4cm of this deposit,
from 394-%90cm, contains sbundant macro-remsins of reed snd
sedge together with fruits of Betulsa sp. The stratigraphy
and macrofossil contents at this site are tabulated below
in Table 10.

Table 10.

Cm from . > !
S Deposit and Macrofossil Content
0-%94 Carse clay, containing, from 380-3%94cm,

abundant leaves and stem fragments of
Phragmites and Carex; 3% Betula sp. fruits;
5 Graminease caryopses.

295-435 Phragmites/Carex peat, highly humified.

436-480 + Grey micaceous clay, containing abundant

macro-remains of reed and sedge; 2 Carex
sp. embryo fruits; 8 Eleocharis pslustris
fruits; 1 E.uniglumis fruit; 16 Scirpus
tabernsemontanus fruits;

1 S.tabernsemontanus/lacustris fruit;

5 Triglochin maritima fruits.

The Pollen Disgrams. (Figs. 19, 20, 21, 22)

High non-arboreal pollen ratios recorded from 420-%90cm
at The Homesteads site (Fig. 20) and from 480-450cm at Bield,

(Fig. 22) include small numbers of Dryas, Empetrum (which

reaches, however, a maximum of 60% of the NAP total at Bield),

Helianthemum and Thalictrum alpinum pollen and spores of

Lycopodiaceae and Selaginella. These pollen and spores are

characteristic of Scottish Late-glacial and early Post-glacial
vegetation (Donner, 1957; Kirk and Godwin, 1963%; Vasari and

Vasari, 1968; Moar, 1969; Newey, 1965, 1966, 1970).
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They reflect the presence of open communities and the
absence of a continuous tree cover. Similar conditions
probably existed at both The Homesteads and Bield sites.
This interpretation is supported by low values of Betula
nana (tentatively identified by pore characteristics) and
Juniperus, 8s these species are also characteristic of open
habitat.

The arboreal pollen profiles, from 420-380cm at The
Homesteads and from 480-450cm at Bield (in Figs. 19 and 21
respectively), indicate an early stage of regional woodland
development and s landscape dominated by Betula, representing

the first colonisation by trees before the advance of

thermophilous species such as Corylus, Ulmus and Quercus.

In addition to birch, Salix was present, possibly in
favourable marsh situations at or near these locations. The
presence of pine in the region seems doubtful for the
following ressons; firstly, the Pinus pollen from the
minerogenic deposits at both sites may not be representative,
being deposited at these locations during periods of high
sea-level, which according to pollen evidence below, was
contemporaneous with the deposition of the clay layers at
The Homesteads and Bield sites; secondly, this pollen type
is subject to long distance transport by wind.

Frequencies of Betula, Sslix and non-arboreal pollen

comparable to those from The Homesteads and Bield sites
characterise the Pre-Boreal (Zone F.V.I) at the type site

at Woodend Farm. On this basis the vegetational conditions
which existed at The Homesteads and Bield are referable to
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Zone F.V.I, the earliest stage of the Post-glacial period.
The arboreal pollen profiles from 380-350cm in Fig. 19,
and from 440-420cm in Fig. 21 reflect an advance of woodlsnd
in The Homestesds and Bield area. This stage of forest
history is characterised at both sites by the immigration
into the region of thermophilous species, notably Corylus
and, on 8 much smasller scale, elm followed by osk. Betula,
however, remained the dominant tree in the region. Salix
expanded at Bield, probably in response to favoursble local
marsh conditions, whereas local conditions at The Homesteads
appear to have been less favourable for the development of
this plant, as suggested by falling Salix pollen totals.
Similsr arboreal pollen profiles are displayed in Zone F.V.2
at Woodend Farm Site 2; thus the immigration of hazel,
followed by elm and osk into The Homesteads and Bield region,
took place during the early part of the Boreal (Zone F.V.2).
~ A further stage of forest development in The Homesteads
and Bield areas is signified by the arboreal pollen spectra
from 350-%320cm in Fig. 19 and from 410-390cm in Fig. 21.
The tree pollen from these horizons records the marked
expansion of hazel which accompanied the spread of elm,
which in turn expanded more quickly than oazk. Birch,
however, declined, probably as a result of the expansion
and competition from these deciduous species.

The pollen curves of Corylus, Betula, Ulmus and Quercus,

which reflect this stage of forest history at these sites,
relate to the beginning of Zone F.V.3, as similar arboreal

pollen profiles characterise the early part of this pollen
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assemblage zone at the Woodend Farm Site 2 type site.
Evidence of local site conditions which existed at

The Homesteads and Bield sites during Zones F.V.I - F.V.3

is furnished by non-arboreal pollen and macro-stratigraphy.

In Figs. 20 and 22, the frequencies of Chenopodiacese,

Plentago maritima, Artemisis maritima and Compositae,

together with those of Graminease and Cyperacese from the
buried beach deposits st both sites, indicate the probable
presence of saltmarsh vegetation at these locations. This
evidence also indicates that the formation of the buried
beaches at The Homesteads snd Bield was associated with a
high sea-level. The most significant indication of marine
conditions during this period, however, is furnished by
macrofossils from the buried beach deposits at Bield, which

include fruits of Eleocharis palustris, E.uniglumis,

Scirpus ﬁabernaemontanus and Triglochin maritima. These

plants are frequently found in present day saltmarsh and
brackish water locations, for exesmple at Aberlady Bay, East
Lothian, and were evidently represented at Bield and perhaps
at The Homesteads sites during Zone F.V.I.

A change in site conditions at The Homesteads occurred
during Zone F.V.I. The replacement of grey micaceous clay
by peat at 405cm and falling pollen totals of saltmarsh
plants indicate a withdrawal of the sea from this site.

As the sea retreated, oligotrophic communities began to
develop over the beach surface, as signified by macro-remains
and rising spore totals of Sphagnum and Ericacese pollen in

the peat from 405-400cm. Towards the end of Zone F.V.I the
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development of these plants appears to have been temporarily
arrested and replaced by reedswamp, as suggested by a thin

band of Phragmites/Carex peat from 399-%91cm. This type of

vegetation wes later replaced by Sphagnum which, according
to macrofossils and spores of this plant, continued to
develop at this location from upper Zone F.V.I to the early
part of Zone F.V.2.

The development of moss at this site during Zone F.V.2
was, however, temporarily interrupted perhaps by an incursion
of the sea. This interpretation is based upon the replace-
ment of Sphagnum macro-remains by those of reed and sedge in
the peat from 375-%355cm; the presence of micsasceous silt in
the peat at this horizon, and increased values of pollen of
saltmarsh plants, notably ChenopodiaceaL Towards the end
of Zone F.V.2 these marine conditions had diminished and
saltmarsh vegetation was replaced by Sphagnum, as indicated
by the replacement of reed and sedge peat by that of Sphagnum
at 354cm, falling pollen totals of Chenopodiaceae and rising
values of Sphagnum spores.

Oligotrophic conditions continued to exist at The
Homesteads until the early part of Zone F.V.2 when they were
replaced by freshwater swamp as indicated by the replacement

of Sphagnum peat by that of Phragmites/Carex at 3%30cm. This

change in vegetational conditions was accompanied by the
expansion of saltmarsh vegetation, reflected in the increased
totals of Chenopodiaceae, Compositae, Cyperaceae and
Gramineae pollen, in response to increasing marine influence.

As carse clay began to be laid down at this site, sea-level

SO



rose and saltmarsh vegetation increased as indicsted, in
paerticular, by the pronounced rise of Chenopodiaceae pollen
values from %%0-%320cm.

The marine conditions associsted with the formation of
the buried beach at Bield in Zone F.V.I ended very early in
Zone F.V.2. That the sea retreated from this location at
about this time is merked firstly, by the replacement of
grey micaceous clay by peat at 436cm; secondly, by falling

values of Chenopodiacese, Artemisis maritima and Compositae

together with those of grass and sedge pollen. As the sea
withdrew, peat developed over the beach surface. The

predominance of Phrsgmites and Carex remains in this orgsanic

layer, together with relstively high counts of Filipendula

pollen, indicates thst freshwater marsh developed over the
surface of the buried beach. This type of vegetation
continued to develop at Bield during the remainder of Zone
F.V.2 until the early part of Zone F.V.3, when sea-level began
to rise and carse clay began to be laid down at this site.
Small increases in Chenopodiaceace together with rising values
of Gramineae and Cyperaceae from 410-390cm, signify the

spread of saltmarsh vegetation in the locality of this site

8s sea-level rose.

That buried beach deposits ceased to accumulate at The
Homesteads during late Zone F.V.I. and at Bield at approx-
imately the beginning of Zone F.V.2, indicetes that these
features are related. In addition the deting of these
beaches accords with that for the Mein Buried Beach at a
site at West Flanders Moss. At this lastter location the
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Main Buried Beach, according to Newey (1966), was completed
at the end of Zone IV (Zone F.V.I). In addition Durno (1956)
has shown that peat overlying the surface of the Main Buried
Beach at a site at East Flanders Moss is of Zone V (F.V.2)
age. Although the buried beach deposits at this locstion
were not analysed for pollen, it seems probable that the

top of this minerogenic material represents Zone IV, for at
this site Zone V, which is a relatively short zone, is
represented by fully 1lm of peat. On the basis of the above
evidence, the buried beach deposits at The Homesteads and
Bield sites are related to the Main Buried Beach and are
thus synchronous (or approximately synchronous) features.
Summary.

The Homesteads and Bield sites are situated on both
sides of a major dislocation of & buried beach presumed, on
geomorphic evidence, to be the Main Buried Beach. A major
objective of the investigations was to test this assumption.
Pollen evidence indicates that accumulation of buried beach
material at The Homesteads ceased late in Zone F.V.I. and at
Bield at approximately the beginning of Zone F.V.Z2. Pollen
data from other sites in the research area indicates that the
Main Buried Beach was completed at about the IV/V (F.V.I/
F.V.2) transition. Hence the buried beach deposits at The
Homesteads and Bield sites are related to the Main Buried
Beach and are thus essentislly synchronous features.

The following sequence of events probably took place
at The Homesteads and Bield sites. Al Deposition of the
Main Buried Beach during a period of high sea-level.
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S The sea then retreated and peat developed over the
surface of the Main Buried Beach at both sites. A
temporary marine incursion may have influenced The Homesteads
as peat accumulated at this site during Zone F.V.2.

D Sea-level lster rose and carse clay began to be de-
posited over the peat at these sites during the early pert

of Zone F.V.3.
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4,vii. The Dollhouse Sites. (NS 92927952, NS 92987954 )

These sites are located in a former coastal embayment;
the landward margin of this feature being defined by numerous
small headlands and re-entrant valleys. This embayment has
been largely infilled with carse clay which stretches north-
wards from the southern edge of the bay to the Forth.
Investigations were carried out at two sites located in a
trench near Dollhouse Farm, and named Dollhouse Site 1 and
Dollhouse Site 2. North of these sites the River Carron,
and in the south a small stream (the Grangeburn) and the
River Avon, flow northwards across the carse clay lowland
to meet the Forth.

At Dollhouse Site 1 the carse clay overlies a thick band
of gravel which rests upon a layer of grey clay. The gravel
layer slopes northwards for about 60m to Dollhouse Site 2.
Towards this latter site @ thin bed of peat begins to appear
intermittently above the gravel. At Site 2 silt end sand
deposits lie in a hollow in the gravel surface. These silts
and sands merge upwards into a thin layer of peat which is
overlain by carse clay. The stratigraphic sequences at
these two sites are diagrammatically displayed in Fig. 23.

A major aim of the investigations was to interpret
and obtain a dating of the sequence of events which took
place at these sites as indicated by pollen, stratigraphic
and radiocarbon evidence. To this end, samples for pollen
analysis were extracted from the grey clay beneath the
gravel and the lower part of the carse clay overlying the
gravel surface at Dollhouse Site 1, snd from the silts,
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DOLLHOUSE STRATIGRAPHY WITH RELATION TO POLLEN SITES
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sends, peat and lower carse clay above the gravel at
Dollhouse Site 2.

Stratigraphy and Macrofossil Content.

At Dollhouse Site 1 nearly 1lm of carse clay, con-
taining a thin bsnd of gravel, overlies the surface of a
bed of coarse gravel and sand. This latter deposit, about
l.%m in thickness, rests upon a thin layer of grey clay,
which in turn overlies a shallow band of coarse ssand and
gravel. Beneath these deposits is a bed of grey clay,
nearly 50cm thick, containing orange coloured sand layers of
variable thicknesses. This grey clay layer rests upon
coarse gravel and ssnd, sbout 18cm thick, which overlies
sandstone bedrock. Stratigraphic and macrofossil details

recorded at this site are tabulated below in Table 11.

Table 11.
Lo ran Deposit and Macrofossil Content
surface
0-95 Carse clay, contsining a thin band of
rounded gravel from 60-7/Ccm. The diameter
of the gravel was about lcm.

96-172 Coarse rounded gravel and sand, crudely
bedded, containing meny stones with
diameters up to 7cm and some with diameters
over l1l5cm.

17%-175 Grey clay.

176-177 Medium/Coarse sand.

178-182 Coarse rounded gravel and send.

183-230 Grey clay, of buttery texture, interbedded
with orange coloured medium sand layers
which vary rapidly in thickness.

/Continued
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Table 11, continued.

Cm from ; 4 .

s S Deposit and Macrofossil Content
2%1-249 Coarse rounded sand and gravel.
250 + Sandstone bedrock.

©0cm away from the point where samples were extracted,
a large fragment of Quercus sp. wood, about 30cm in dismeter,
rests on the surface of the lowest gravel bed at 230cm.
Radiocarbon assay of a sample of this wood gave a date of
7,860 + 125 B.P. (I -—2:33)

The surface of the gravel at Dollhouse Site 2 is over-
lain by 35cm of silt and sand deposits which merge upwards

into a layer of Phragmites/Carex peat, about 30cm thick.

Overlying this orgsnic material is nearly 1lm of carse clay.
Stratigraphic and macrofossil detsils at this site are

presented in Table 12 below.

Table 12.
ggr%i?ﬁ Deposit and Macrofossil Content
0-93 Carse clay.
4127 Phragmites/Carex peat, highly humified;
1 Carex sp. fruit.
128-13%3% Silt, conteining sbundant leaves and stems
of reed and sedge. Sand, medium/coarse.
134142 Medium/Coarse sand.
145-145 Silt, 1 Menyasnthes trifoliata seed.
/Continued
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Table 12, continued.

Cm fro ;

sgrfacg Deposit and Macrofossil Content

146-150 Coarse yellow sand.

151-163% Grey silt, containing 4 Carex sp. seeds.
165 + Coarse rounded 'gravel and sand.

The stratigraphic columns in the pollen diagrams
represent material from which samples were extracted for
pollen snalysis. The positions of these sampled horizons
in the stratigraphy at these locations are, however,
indicated in Fig. 23.

The Pollen Diagrams. (Figs. 24, 25, 26, 27, 28)

The arboreal pollen freguencies recorded at Dollhouse
Site 1 (Fig. 24) reflect the development of woodland in the
region as minerogenic material accumulated at this site.
Tree pollen spectra from 229-184cm indicate that osk end elm
were probably major elements of this woodland. That the
former tree was present is attested by a large fragment of
Quercus sp., at 230cm, resting upon the gravel surface 60cm
from this site. In addition to these broad-leaved taxa
birch was also present in the region, together with shrubby
species such as hazel and willow. Pine may also have been
a component of this regionsl woodland, although it seems
likely that the high Pinus pollen totals may be over-
represented, as evidence presented below indicates that the
minerogenic deposits from which this pollen type was
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DOLLHOUSE SITE 1

RECALCULATED ARBOREAL POLLEN PERCENTAGES
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DOLLHOUSE SITE 1
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NATIONAL GRID REFERENCE NS 92927952

SURFACE ALTITUDE 3:60m OD

waasse, 00 550 40 000,00 4,00 o] 0,50 0 0 0 50 o]
e BEgER L TL.T bEUTEL Ths v BEDE D2 B 2 o # w w
& eegeie r | | || — —
B0 C ¢ C | || — —
851G T | F | a2 1 I —
IFc-cic [ | i
so£ ¢ u +4 1 Eoa ‘ ' e
865 —— 9552 G = I+ SR + + 8 m + T —
satets
)
7:86 — 174~ AW R A R —"— —
2%%e®
B -t | I+ o 11 mm | —
189 =f m= Ion 1 r+| I+ - | oE— - E—
194 r -t ) I+ + o e —
199 === iz S i 1l Rm | — - ——
V== . | | + 4+ 4} 1. | — -
209 o omm () +] ) +4 - e .
-V = ‘ B ) mm + T
e e— = ' | mom I ——
731 — 229 - ! | ] J- "
Cms from |'g. 9.6 T ] TSR ek, T T 1 = 7
o %o @ FPwgs w3 & o pend [elw B H @ 0 e w
GRAMINEAE PLANTAGO maritima SELAGINELLA DERIVED CARBONIFEROUS
CYPERACEAE RANUNCULUS SPHAGNUM SPORES
ARMERIA SUCCISA
ARTEMISIA URTICA —
CARYOPHYLLACEAE MYRIOPHYLLUM TREES SHAUES HERBS
CHENOPODIACEAE NYMPHAEACEAE
COMPOSITAE POTAMOGETON
ERICACEAE TYPHA
FILIPENDULA EQUISETUM
PLANTAGO major FILICALES

ZONE

FV6
{via)

Fv4/5
(vibic )

Fig 27
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extracted, are asssociated with high sea-level. Thus high
numbers of Pinus pollen may have been transported and
deposited at this site by the sea, and possibly by air
currents. In view of these possibilities, the arboreal
pollen curves from 229-174cm may be depressed by substantial
totals of Pinus pollen. To test this possibility the tree
pollen totals from this horizon were recalculated, excluding
those of Pinus. The recalculated profiles of Betula,

Quercus, Ulmus, Alnus, Corylus and Salix pollen (displayed

in Fig. 25), however, show no significant change from the
pollen curves of these taxa in Fig. 24. On this basis the
arboreal pollen curves are not depressed by that of Pinus
and are thus reflective of the regional arboreal vegetation
during the time when grey clay, from 229-174cm, accumulated
at Dollhouse Site 1.

A short time before the main gravel layer, from 172-96cm,
began to be laid down over the grey clsy at this site, Alnus
began to expsnd in the region, as signified by a rise in
Alnus pollen numbers from the grey cley at 174cm. Although
the gravel above this level was not analysed for pollen, it
seems possible that alder continued to spread in the region
during the time the gravel was laid down at Dollhouse Site 1.
This interpretation is strengthened by rising totals of
Alnus pollen from the carse clay immediately overlying the
surface of this gravel layer from 95-7/5cm. The very high
alder pollen totals from this level and reduced values of
birch, oak snd elm pollen probably reflect the importance

of Alnus in the region as carse clay began to accumulate
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over the main gravel layer at this site.

From the arboreal pollen profiles in Fig. 24 the
deposits at Dollhouse Site 1 can be dated. Falling Betula
values, Quercus totals higher than those of Ulmus, together
with rising Alnus pollen frequencies from the grey clay
beneath the main gravel layer, broadly agree with the pollen
profiles of these taxa displayed in Late-Boreal Zones F.V.4
and F.V.5 in the type diagram from Woodend Farm Site 2.
Exact zonsel correlation, however, does not seem possible as
the tree pollen fregquencies from 229-174cm at Dollhouse Site
1, particularly those of Alnus, differ from those in Zones
F.V.4 and F.V.5 at Woodend Farm, probably because of
differences in site conditions. The presence of higher,
better drained land at the edge of the carse clay at Dollhouse
Site 1 would be more favourable for oak and elm than alder;
whereas the type site, about %7Km west from Dollhouse, is
situated on flatter, less well drained land more conducive
to the formation of bog and the development of moisture-
loving species such as alder. Despite these differences,
the sbove arboreal pollen evidence indicates a Late-Boreal
age for the grey clay at Dollhouse Site 1. This inter-
pretation is supported by the radiocarbon date of 7,800 +
125 B.P. obtained from wood at the base of the grey clay,
as this date falls within the Late-Boreal period, dated by
Godwin, Walker and Willis (1957) at Scaleby Moss in northern
England, from about 9,000 B.P. to 7,500 B.P.

The predominance of Alnus pollen in the carse clay,
from 95-75cm, at Dollhouse Site 1 appears to be referable
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to Zone F.V.6, the Atlsntic period, as comparable pollen
totals of this genus chsracterise this pollen assemblage
zone 1in the type diagrem from Woodend Farm Site 2.

The arboreal pollen spectra from Dollhouse Site 2 are
dominated by consistently high frequencies of Alnus pollen,
as shown in Fig. 26. This evidence indicates that alder
wes an important woodland element in the region as deposits
accumulated over the surface of the gravel at this site.

As Alnus is a prolific producer of pollen and as the highest
values of this pollen type occur in the samples from 109-
164cm, in Fig. 26, it 1s possible that other arboreal pollen
frequencies from these samples are depressed. This
possibility is strengthened by the increased pollen values

of Betula, Quercus sand Ulmus and reduced Alnus pollen totals

from 104-74cm in Fig. 26. Despite this possibility, the
arboreal pollen evidence in this diagram suggests that osak,
together with small amounts of elm, birch, hazel snd willow
were also present in the region, but pine was absent.

Hedera, Ilex and Tilia may also have been present in the

Dollhouse area, but as pollen of these taxa are rarely found
at Scottish sites, it seems more likely that the very low
pollen totals of these species in Fig. 26 have been wind
transported from distant sources.

The predominance of Alnus pollen in Fig. 26 accords
with similar high frequencies of this pollen type in Zone
F.V.6, the Atlantic period, at Woodend Farm Site 2. Thus
the deposits above the gravel at Dollhouse Site 2 are of

Zone F.V.6 age.
B



Evidence of non-arboreal vegetationsl and site
conditions &s grey clay and carse clay were laid down at
Dollhouse Site 1 is furnished by non-tree pollen frequencies
in Fig. 27, The profiles of Gramineae and Cyperaceae,

together with small sums of Chenopodiascea, Artemisia maritims

and Compositse from these minerogenic deposits, indicate
the probsble existence of saltmarsh vegetation in response
to high ses-level which accompanied the deposition of the
grey clay and carse cley at this site.

The non-arboreal pollen spectra (in Fig. 28) from the
silt and sand deposits at Dollhouse Site 2 include sub-
stantial counts of Graminease. The frequencies of this
pollen type, together with those of Cyperaceae, suggest the
existence of reedswamp in the vicinity of this site.

Intermittent and very low totals of Artemisia maritima and

Compositae may suggest that saltmarsh vegetation was also
present in the site region as the silts snd sands were laid
down at this site. Subsequently freshwater reedswamp
developed over these minerogenic deposits, as indicated by

the replacement of silt by Phragmites/Carex peat. The

development of this organic material sppears to have been
accompanied by thet of saltmarsh plants, suggested by rising

values of Artemisia maritims and very low totals of

Caryophyllaceae (possibly Silene maritima) pollen. From

94-74cm the values of these latter pollen types together with
those of Chenopodiacese, Compositae, Armeris, snd grass and
sedge increase, reflecting the expansion of saltmarsh and a
high ses-level as carse clay began to cover the peat at this

site.
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The above pollen and stratigraphic evidence sheds some
light upon the sequence of events which took place at the
Dollhouse sites, beginning with the deposits below the main
gravel layer a8t Dollhouse S8ite 1 which are of Zone F.V.4/F.V.5
age. A [ Coarse sand and gravel were deposited over sand-
stone bedrock. Probably the former material was laid down
during a period of high sea-level as it is overlain by grey
clay associated with msrine conditions. 2 The sea rose,
saltmarsh began to develop and grey clay begsn to cover the
lower gravel shortly after 7,800 B.P. This event took place
during the Late-Boreal. Deposition of the grey clay was
temporarily halted as a thin band of gravel and sand was laid
down at this site. The grey clay is probably related to the
carse clay, for according to pollen and radiocarbon evidence
presented by Newey (1966), this latter deposit began to
accumulate in the western Forth vaslley during a major marine
transgression in VIa, which began at about 8,300 B.P.;
approximately 500 years before the grey clay began to be lasid
down at Dollhouse Site 1. Thus the latter minerogenic
deposit is related to the carse clay.

The third event which took place was the deposition of
the main gravel layer at both Dollhouse sites. Numerous
large rounded stones, coarse texture snd crude bedding of
this gravel suggest that this materisl was laid down during
a river flood. This interpretation is supported by records
of coarse, crudely bedded gravel and sand laid down by
present day river floods in south-esst Scotland (Learmoﬂth,
1950) and in Morayshire (Green, 1958). In the light of
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this evidence and stratigraphy st Dollhouse Site 1, it is
probable that carse clay deposition at this location was
temporarily replaced by that of gravel and sand associsted
with periods of river flooding; & major flood occurring st
about the Late-Boreal/Atlantic transition, when gravel and
sand were discharged into the sea by floodwater snd
accumulated over the sea floor from Dollhouse Site 1 to Site
e

Pollen evidence from Dollhouse Site 1 indicates that the
main gravel layer ceased to accumulate early in Zone F.V.6.
As the minerogenic deposits immediately overlying the gravel
at Site 2 appear unrelated to marine influence, and as these
deposits are, on stratigraphic and pollen evidence, slightly
older than the carse clay at Site 1, it seems probable thst
the surface of the main gravel layer was above sea-level.
Thus the next event (No. 4) which took place was the de-
position of silt and sand over the surface of the main grasvel
layer at Site 2. The former deposits may have been lzid
down by river action, the probable presence of freshwater
being suggested by the development of reedswamp as tae silts
and sands accumulated at Site 2. 5e Freshwater swamp
continued to develop at this site accompanied by the form-
ation of pest. G Subsequently the sea rose znd carse
clay began to be deposited over the peat at Site 2 and the
surface of the msin gravel layer at Site 1. This rise eof
sea-level was accompanied by the expasnsion of ssltmarsh

plants at both locations.
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Summary .
Two sites, Dollhouse Site 1 snd Site 2, are situated
close to the edge of the csrse clay lowland in s former
embayment south of the river Forth. Pollen and radiocarbon
evidence indicate that the deposits at these sites accumu-
lated during the main Post-glacial transgression in the
western Forth valley. The following sequence of events
probably took place at these sites; 1. At Dollhouse Site
1 coarse gravel and sand were deposited over sandstone bed-
rock, probsbly during a river flood, as sea-level was rising.
2e The sea rose and carse clay began to be deposited over
the gravel at this site. This event, which took place
during the Late-Boreal, shortly after 7,800 B.P., was accom-
penied by the development of saltmarsh. Bl About the
Late-Boreal/Atlantic transition carse clay deposition st
Dollhouse Site 1 was interrupted by a major river flood
which discharged gravel and sand into the ses. As a result
of this flood 2 thick layer of sand and gravel, the surface
of which was above sea-level, stretched from Dollhouse Site
1 to Site 2. 4, This event was followed by the deposition
of river-borne silts and sands and the development of fresh-
water swamp at Site 2. 5. Freshwater marsh continued to
develop at Site 2 accompanied by the development of peat at
this locatiom. 6. Subsequently sea-level rose and carse
clay begen to be laid down over the peat at Site 2 and the
thick gravel layer at Site 1. This change of site
conditions was accompanied by the expansion of saltmarsh st
both locations.
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oviiie The Menteith and Kinlochspelve Sites.

The Menteith site (NS 589000) is situated by the
shore of the Leke of Menteith and is within the Menteith
moraine complex deposited by ice of the Loch Lomond
Readvence during Zone III, between about 10,800 B.P. and
10,300 B.P., according to Donner (1957). The moraine in
this area is chiefly composed of sand and gravel containing
glacier-transported marine clays and shells. Site
investigations were carried out at a2 section where, accord-
ing to Simpson (1933), 3m of dark grey clsy containing
marine shells is overlain by about 9m of sand snd gravel.
A radiocarbon dste of 11,800 + 170 B.P. was obtained from
marine shells in the grey clay at this section by Sissons
(1967a).

The Kinlochspelve site (M 656261) is located near
Kinlochspelve Farm by Loch Spelve in south-east Mull.
At this location are deposits of the Kinlochspelve Moraine
which were laid down during a stage of valley glaciation.
This vaslley glaciation was correlated by Charlesworth (1955)
and later by Sissons (1967a, 1967b) with the Loch Lomond
Readvance at Menteith. At the site investigated the
morainic deposits are composed chiefly of clay and stones
with ice-transported marine shells. A sample of these
shells geve a radiocarbon date of 11,330 + 170 B.P. (Gray
and Brooks, 1972). .

The geomorphic and radiocarbon evidence from Menteith
is comparable to that from Kinlochspelve and indicates the

presence of marine conditions in the western Forth valley
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and Kinlochspelve area during the Late-glacial Interstadial
(Zone II). Thus a major aim of the investigations at

these sites was to test the geomorphological and radiocarbon
evidence by the independent method of pollen snalysis. A
further aim was to determine Late-glacial vegetational
conditions during the time the marine deposits in the
Menteith and Kinlochspelve moraines accumulated before they
were scooped up, transpdrted and redeposited by ice. To
these ends a sample from the radiocarbon dated marine
deposits at each site was asnalysed. The nuﬁbers of pollen

and spores from each sample are displayed in Table 1% below.

Table 13.
Pollen and Spores Kinlochspelve Menteith
Alnus 5 L
Betuls & 22
Betuls nans 14 10
Pinus 2% 42
Salix ; 3
Juniperus 3 1
Armeris - 1
Caryophyllaceae 12 15
Chenopodiaceae 2 g
Compositae 1 1
Cyperaceae 12 5
Dryas octopetela 3 1
Epilobium 0 .
/Continued

-125-



Table 13, continued.

~lpi-

Pollen and Spores Kinlochspelve Menteith
Empetrum 20 12
Ericaceae 14 27
Filipendula 47 29
Galium 2 0
Gramineae 51 6l
Helianthemum 15 3l
Hippopha€&€ rhamnoides 0 1
Plantago maritima ik 1
Ranunculus 11 8
Rumex - .
Succisa 1 i
Thalictrum alpinum 4 8
Tilia cordata 0 1
Umbelliferae 4 5
Urtica 10 7
Myriophyllum alterniflorum 1 5
M.spicatum 1 0
Nymphaeaceae 1 @)
Potamogeton 10 i
Filicales 7 5
Lycopodium clavatum 2 1
L.selago 11 8
Polypodium vulgare 1 0
Selaginella selaginoides 10 2
/Continued




Table 1%, continued.

Pollen and Spores Kinlochspelve Menteith
Sphagnum % %
Total count 500 300

Arboreal percentage of
total count 157 26

Non-arboreal percentage
of total count 83 4

Derived Pre-Cuaternary
spores sl 1525

The arboreal pollen totals in Table 13 consist of
small amounts of Pinus and Betuls. A few grains of Salix
and Alnus are recorded, but pollen of warmth demanding
trees and shrubs such as oak, elm and hazel are not repre-
sented. Non-arboreal pollen and spore totals, however, are
high and include a large number of herbaceous species. In
this category, pollen and spores of plants characteristic of
open habitat are well represented, particulerly Gramineae,

Cyperaceae, Caryophyllaceae, Dryas octopetela, Empetrum,

Ericacese, Filipendula, Helisnthemum, Ranunculus, Thalictrum

alpinum, Lycopodiaceae and Selaginella selaginoides. To

this list may be added Betula nana (tentatively identified

by pore characteristics) snd Juniperus, 8s pollen of these
shaede intolerant species are also recorded at both sites.
The pollen and spore assemblages described above are

comparable to those from Late-glacial deposits at Scottish
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sites investigated by other workers (Mitchell, 1952;
Donner, 1957, 1958; Kirk and Godwin, 1963%; Vasari asnd
Vasari, 1968; Moar, 1969; Newey, 1970; Sissons and
Walker, 1974). The pollen evidence presented by these
investigators indicates the existence of open ?egetationel
conditions at Scottish sites during the Late-glacial. On
this basis it eppears that the pollen and spores listed in
Table 15 are referable to the Late-glacisl period in which
herbaceous vegetation predominated as the marine deposits,
subsequently incorporated in the Menteith and Kinlochspelve
moraines, accumulated.

The predominance of Gramineae, Filipendula, Ericaceae

and Empetrum pollen in Table 1% suggests that the Late-
glacial flora in the Kinlochspelve and Menteith localities
was chiefly composed of grasses and heath communities.
These types of vegetation appear to be referable to Zone II,
the Allerdd period, as similar grass and heath communities
sre characteristic components of Zone II vegetation at
sites in the research area investigated by Donner (1957)
and Vasari and Vasari (1968), and at sites in the south-west
lowlands of Scotland investigated by Moar (1969).

Other non-arboreal pollen in Table 1% may also support
a Zone II age for the ice-trensported maerine deposits at
Menteith and Kinlochspelve. The relative abundance of

Filipendula pollen may be indicative of climatic ameliora-

tion which characterised Zone II, as this thermophilous
plant is considered to be an indicator of warmer conditions

during the Late-glacial (Iversen, 1954).
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Records of Filipendula pollen from Late-glacial deposits

in the research area are, however, sparse; this pollen
type being poorly represented snd recorded only in Zone II
material at Drymen by Donner. The frequencies of

Filipendula pollen in Table 1%, however, can be compared

with values of the pollen type in Zones I, II and III at
Newey's (1970) site in the eastern Forth valley and Mosr's
(1969) sites in south-western Scotland. Thus the wvalues

of Filipendula pollen, 10% and 16% from Menteith and

Kinlochspelve respectively, are comparable to the totals

of Filipendula pollen which do not exceed 12% and 25% in

Zone 1T deposits investigated by Newey and Moar, respectively.

In the diagrams presented by these workers, Filipendula

pollen totals in Zones I and III are below 5%; thus it seems
unlikely that the higher pollen values of this plant from
Menteith and Kinlochspelve are representative of Zone I or
Zone 1I1I.

Helianthemum pollen values, below 10%, recorded by

Moar and Newey from Zone II material are interpreted as
indicating the existence of stable soil conditions during
the Allerdd period. On this basis the frequencies of

Helianthemum pollen, which do not exceed 5%, in Table 13

may also be referable to Zone II and suggest the possible
presence of stable soil conditions in the Kinlochspelve
and Menteith areas during this zone. Soil stability at
these locations may also be indicated by the relative
abundance of Empetrum pollen in Tsble 13 since unstable
soliflucted soils, as in Zone III, were unfavourable for
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the development of this plant (Vssari end Vasari, 1968;
Newey, 1970).

The arboreal pollen counts in Table 1% also favour
an interpretation of a Zone II age. The low tree pollen
frequencies, 17% and 26% of the total pollen counts, from
Kinlochspelve and lMenteith respectively, are comparable to
arboreal pollen totasls of between 10% and 30% from Zone II
deposits at other Scottish sites referred to sbove. In
addition, the tree pollen at these sites are represented

mainly by Betula, Pinus and Salix with pollen of the shrub

Juniperus, as are those from Kinlochspelve and Menteith.
The very low counts of Alnus and Tilia in Table 13, however,
are uncharacteristic of Late-glacial pollen assemblages and
are most likely derived. That or sample contamination
probably explains the presence of these pollen in the table.
On the basis of low arboreal pollen counts from Zone
IT deposits at other Scottish sites, Donner (1957) suggested
that during the Allerdd the vegetation was completely open
and that Betula and Pinus pollen found in Zone II deposits
were derived by wind transport; a view shared by Moar
(1969). Thus it is possible that some, or all, of the
Betula snd Pinus pollen from Kinlochspelve and Menteith
may have been similarly derived. Some Pinus pollen,
however, may have been transported by the sea as substantial
numbers of this pollen type are characteristic of marine
deposits at other sites in the research area, as shown
earlier. In view of these possibilities, the totals of
Betula and Pinus pollen in Table 13 mey not be representative
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of vegetational conditions at Kinlochspelve and Menteith
during Zone II. |
Pollen of gggeria, Caryophyllaceae (possible Silene

maritima), Chenopodiaceae, Hippophsa® rhamnoides and

Plantago maritima from Kinlochspelve and Menteith may

indicate the influence of the sea on the vegetation at
these locations for the following reasons; firstly, these
pollen types, particularly Chenopodiacese, recorded in marine
deposits st other sites in the research area are considered
to reflect the probable presence of saltmarsh vegetation
during periods of high sea-level; secondly, representatives
of these taxa are found in coastal situstions today (Tansley,
19%9). However, they are slso cheracteristic of open
_habitat; thus it 1s possible that presence of their pollen
in the Kinlochspelve and Menteith samples msy have been
derived from the open vegetational lsndscapes which apparently
existed in the Kinlochspelve and Menteith aress in Zone II.
In view of this possibility, the shells from Kinlochspelve
and Menteith, described by Gray end Brooks (1972), are
regarded more reliable indicators of marine conditions at
these locations during Zone II.

Virtually sll of the derived Pre-Quaternary spores
recorded from the Menteith sample were identified as

Lepidostrobus Jacksoni and L.0Oldhamius, as described by

Knox (19%8) from Productive Cosl Measures of the Fife
coalfield. As these deposits are not present in the
western part of the Forth valley, and since the ice that

deposited the Menteith Moraine came from the west, mos®
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if not all, of These spores were probably derived from
Carboniferous outcrops farther east in the Forth valley
and redeposited by the sea during Zone II.

The total number of Pre-Quaternary spores in the
Kinlochspelve sample is much smaller than that from Menteith.
The two Carboniferous type spores found abundently in the
Menteith sample could not be identified in that from
Kinlochspelve. As no Carboniferous deposits have been
found on Mull it is suggested that the sporés from the
Kinlochspelve site may have been derived largely or entirely
from adjacent Mesozoic outcrops.

Summary .

Zone III terminal moraines at Menteith in the western
Forth valley and at Kinlochspelve in south-eastern Mull
are partly composed of ice-transported shelly marine clays.
Radiocarbon and pollen evidence indicate that these ice-
transported marine deposits are referable to the Late—élacial
Interstadial (Zone II). The pollen evidence also suggests
the probsble existence at these locations of essentially
open vegetational conditions, similar to those which

characterise Zone II at other Scottish sites.
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Discussion.



o Introduction.

The presentation of the data in this thesis follows
the rules of geological nomenclature as defined in the Report
of the Stratigraphic Code Sub-Committee (1967) and by West
(1970). Thus biogenic and minerogenic material from nine
Post-glécial sites in the western Forth valley is divided
into units, each of which consists of a stratum having char-
acteristic pollen assemblages. Taken together these units
illustrate the vegetational development and changing envir-
onmental conditions in the research area during the Post-
glacial. The type site at Woodend Farm Site 2 is of key
importance as the deposits there represent the longest period
of Post-glacial time and also allow study of most of the
characteristic deposits of the upper Forth basin represented
at other sites. The data from the type site thus provide a
framework of reference of the chronology and development of
vegetation with which data from other locations in the western
Forth valley can be correlated. It can also be used, with
radiocarbon dates, to date relative changes of land and sea-
level in the upper Forth valley during the Post-glacial as

shown later.
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Sells Zonation of the Pollen Diagrams.

It was stated in a previous section (4.i.pp.66-77)
that zonation of Post-glacial diagrams from British sites is
usually based upon criteria proposed by Godwin (1940, 1956)
which are in turn a development of an earlier zonation
scheme evolved by von Post (1929, 1930) for pollen diagrams
from sites in north-west Europe. By Godwin's zonation
system Post-glacial vegetational history is divisible into
eight zones and reflect the response of plants to widespread
environmental change, in particular an ameliorstion of
climate which progressed to a maximum and was followed by a
recession. It was believed that these changes were widespread,
resulting in a broad parallelism of vegetational development,
thus pollen zones in diagrams from different regions were
regarded as being synchronous. Consequently Godwin's zonal
system provided a general chronological index for dating
Post-glacial vegetational, archaeological and geological
events in Britain. It was later recognised, however, that
factors including differences in migration rates of plants,
especially trees, in response to climatic change may have
resulted in differences in vegetational development and that
pollen zones at different sites might not be syﬁchronous
(Godwin, 1961, 1966).

Radiocarbon dating enabled the synchroneity of pollen
zones at British sites and on the continent to be tested.
Godwin (1961) compared Cl4 dates of major Post-glacial zones
at Scaleby Moss in Cumberland with those from similar horizons
at continental sites. The Scaleby dates showed a broad
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synchroneity with those obtained from sites on the European
mainland and therefore British pollen zones could be equated
with those of Europe. Subsequent research, however, has
shown that the zones are not synchronous and that the actual
course of vegetational development differs in different psarts
of Britain and the continent.

With regard to Scottish pollen diagrams, stages of
vegetational history comparable to those at Post-glacial sites
in England and Wales are not always distinguishable as
demonstrated by Donner (1957, 1962), Moar (1969), Pennington
and Lishman (1971) and Birks (1970, 1972). Furthermore,
the datings of some zonal divisions at Scottish sites are at
variance with those further south. For instance, Pennington
and Lishman have shown that the expansion of Alnus at a site
in north-western Scotland took place about s thousand years
later than in England. On the other hand sequences of
vegetation similar to those reflected in disgrams from English
sites are recorded in diagrams presented by Durno (1956) snd
Newey (1966) from sites in the western Forth valley. In
addition, the development of vegetation reflected in the type
diagram from Woodend Farm Site 2 also corresponds to that

which developed at more southerly locations, as shown below.
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5 B s Correlstion of the Type Diagram from Woodend Farm

with Diagrams from Other Sites in the Western Forth

Valley.

It may be assumed that most, if not 2ll, of the pollen in
the orgsnic and minerogenic material at the type site is
derived from sources within the upper Forth basin. This
assumption is supported by the work of Turner (1964),

Tauber (1965, 1967) and Janssen (1973) whose investigations
into pollen dispersal by air currents indicate that most tree
pollen does not spresd far beyond the site where they are
released and that pollen of herbs is often found in close
proximity to the pasrent plant. Faegri and Iversen (1964)
consider that a distance between 50 - 100Km is a natural limit
of pollen dispersal, most pollen however being deposited long
before this limit is reached.

Pollen originsting from sources outwith the research
area, if present, are impossible to distinguish in the pollen
spectra in the type diagram. However, in view of the rela-
tively short distances travelled by airborne pollen, except
Pinus, it seems likely thsat the influence of extra-regional
pollen upon spectra in the type diagram is small. The
assumption can therefore be made that this diagram provides
a record of the vegetation, climatic and other environmental
changes during the Post-glacial within the research area.

An interpretation of the pollen and stratigraphy from
Woodend Farm Site 2 has been given in an earlier section
(Lol Dp64—77)s Attention was drawn to the similarity of
vegetational development at this site to that which developed
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Location of pollen sites investigated by other workers in the western Forth valley in relation to the type site at Woodend Farm Site 2. (WEF.2)

Flintders Moss

1and2 Drymen (Donner,1957; Vasari and Vasari, 1968)

3 Gartmore (Donner,1957)

4 Kippen (Newey, 1966)

5 West Flanders Moss (Newey, 1966)
6 o . »  (Turner,1965)
7 East Flanders Moss (Durno, 1956)

Fig 29



at other sites in the western Forth valley. There are of
course differences in the development of vegetation at each
of these locations, explainable by varisble site conditions.
Therefore, to establish the validity of the type diagram ss
a standerd reference for Post-glaciasl vegetational history
in the upper Forth velley similarities (and divergencies) of
the vegetation which developed at Woodend Farm Site 2 and at
other locetions in the research ares (Fig. 29) merit more
detsiled discussion.

The Pre-Boreal Period.

The Pre-Boresl period, the earliest part of Post-glacisl
time is represented by the deposits of three sites, namely
Woodend Farm Site 2, Bield and The Homesteads. The pollen
assemblages from these deposits have therefore been designated
Zone FVe T At each site the deposits are sssociated with
the Main Buried Beach surface which existed as a raised shore-
line at a period of falling sea-level in the early Post-
glacial. The pollen composition illustrates the character-
istic vegetation of the period and is shown in detall by the
diagrams of the type site and of Bield and The Homesteads.
This pollen was derived mainly from landscapes close to each
site, but a proportion was doubtless derived from more distant
sources and these would include high ground to the north,
forming the Highland edge and also elevated land to the south
such as the Campsie Félls.

The three diagrams emphasise the dominance of herbaceous
plants; these include both species of open and treeless

habitats and also those of arctic, sub-arctic or alpine
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environments. Grasses and sedges were the most prominent
plants; genera such ss Artemisia and Rumex indicate open

conditions and Empetrum, Thalictrum and Dryas exemplify the

arctic component. Aquatic pollen such as Myriophyllum and

Potamogeton also appear in the disgrams and these indicate

the existence of freshwater habitats.

Tree pollen consists only of Betula and Salix. These
two genera are prominent today in tundra communities of
arctic situations end their presence at these sites suggests
a type of tundra vegetation analogous to modern communities.
Thus the floral composition that characterises the period
represented by this zone suggests the early stage of devel-
opment of Post-glacial vegetation which accompanied the grasdusl
amelioration of climate which terminated the Loch Lomond
Stadisl at c¢. 10,500 B.P.

The pollen in the Msin Buried Beach deposits indicates,
however, conditions also associated with proximity to sea-
water. Both the Bield and The Homesteads sites contain
pollen of plants of the Chenopodiaceae which are common in
littoral situations and this pollen combined with the fre-
queﬁcies of Gramineae, Cyperacease, Compositae and the clayey
nature of the deposits in which they occur is interpreted as
belonging to a saltmarsh habitat, formed by the flat, ill-
drained surface of the Main Buried Beach. This beach has
only a very gradual slope as numerous bores have shown
(Sissons, 1966).

The gradual withdrawal of the sea from the Main Buried
Beach as sea-level declined allowed representatives of the
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mesophytic and hydrophytic plant life of the time to colonise
the flat surface of the beach. Consequently the vegetation
characteristic of brackish conditions such as saltmarsh was

replaced by freshwater swamp and mersh plant communities, in

which the common reed, Phragmites, was abundant, with Sphagnum

mosses and other bog plants. These types of vegetation,
reflected by stratigraphy, pollen and spores in the diagrams,
namely The Homesteads and Bield which include this zone, were
favoured by poor drainage resulting from both soil snd slope
conditions and were conducive to peat formation as recorded
in the diagrams.

A comparable sequence of events has been recorded at
other pollen sites in this area, such as at West Flanders
Moss (Newey, 1966) where the deposits are similar strati-
graphically and where deposition was contemporaneous with
those of the type site namely Zone IV of the English system.
The salient feature of Zone IV in these diagrams are a pre-
dominance of NAP (including pollen of plants characteristic
of the tundra) with Betula then Salix being the mein AP
representatives. They convey 8 picture of an essentially
herbaceous flora with colonies of birch and willow which bears
a striking resemblance to the vegetation at the type site and
confirm that Zone F.V.I at Woodend Farm Site 2, The Homesteads
and Bield and Zone IV of the English zonation in the research
area are indicative of similar conditions.

Radiocarbon dates obtained by Godwin (1957) from a site
at Scaleby Moss in northern England indicate that the Pre-
Boresl lasted from c¢. 10,300 - 9.500 B.P. However, dates of

ST



this period at sites in the research area sre unavailable
at present, therefore exact correlation of Zone F.V.I and
Zone IV of the English system is not possible.

The Boreal Period.

The Boreal is represented by Zones F.V.2 - F.V.5 in the
type diagram (Fig. 8). It is distinguished by changes in
floral composition, perticularly the immigrstion into the
western Forth valley of woodland species in response to
climatic, edaphic and other environmental factors.

The opening of the Boreal is characterised by the sudden
and sustained rise of Corylus and the consistent increase of
Ulmus pollen totals and reductions in the values of Betula
and Salix pollen in Zone F.V.2 in the diagrsms from Woodend
Farm Site 2, The Homesteads and Bield. This evidence
indicates development of deciduous genera, nsmely the rapid
immigration into the region of hazel accompanied by elm, As
these taxa advanced, birch snd willow being light demanding
plants presumably declined, although Betula remained an im-
portant constituent of the vegetation.

Zone F.V.2 is essentially one of rapid transition be-
tween the open early Post-glacisl landscape and the later
thickly wooded or forested landscape. As Corylus and Ulmus
spread, the plants of open, treeless habitats declined to-
gether with those of arctic or arctic/alpine environments.
This is most clearly shown in The Homesteads and Bield dia-

grams where, for example, Empetrum, Plantago, Rumex, Artemisia,

Lycopodiaceae and Selaginella all have decreasing pollen

frequencies. These vegetational changes were produced by the
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development of a closed cover of trees and shrubs and also
by the rapid amelioration of climate in thst area.

Pinus may also have been present at Woodend Farm as its
pollen increases in frequency in Zone F.V.2 in the type
diagram. However, it is well known that pine pollen can
travel long distances by air currents, therefore most Pinus
pollen recorded in Zone F.V.2 at Woodend Farm could have
originated from sources outwith the western Forth valley.
Hence they must be regarded as unrepresentative of the actual
presence of pinewood. Frequencies of pine pollen in Zone
F.V.2 in The Homesteads diagram are also considered unrepre-
sentative as some of them at least were probably transported
from afar by water currents as explained earlier (Section
4.v.pp.93-99).

The early Boreal represented in Zone V diagrams from
other sites in the research area, nsmely Drymen and Gartmore
(Donner, 1957), West Flanders Moss and Kippen (Newey, 1966)
and East Flanders Moss (Durno, 1956) is also characterised by
sharp increases in Corylus and reductions in Betula pollen
totals. Ulmus pollen values, however, do not usually show a
clear, consistent rise as those in the type disgram, although
they indicate an expansion of elm during this period as birch
declined and hazel swiftly advanced. Non-arboreal pollen
ratios in these diagrams also fall, indicating the suppression
of herbaceous plants by the expanding woodland. Thus it may
be assumed that Zone V at these sites and Zone F.V.2 at
Woodend Farm, Bield and The Homesteads are equivalent.

There is little doubt that the development of woodland
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during Zone F.V.2 was in response to changes in environ-
mental conditions in the upper Forth valley. According to
Walker (1966) the expansion of Corylus during the Boresl was
favoured by rising temperatures (mean summer temperatures
probebly exceeding 15°C) and the almost total ersdication of
late spring frosts, as hazel flowers early and its stigmas
are sensitive to frost (Godwin, 1956). The sbsence of sharp
cold spells would also be favourable for elm as late spring
frosts are detrimental to the development of this species
according to Godwin. Thus comparasble climatic conditions
probably favoured the expansion of hazel and elm in the upper
Forth basin during Zone F.V.2. Other factors, however, may
also heave assisted the spread of these taxa, such as maturing
soils and lack of competition from other trees, particulsrly
oak. Freedom from competition from high forest trees is
particularly important for the development of Corylus zs this
species flowers best in relatively open conditions whereas
understory hazel flowers sparsely (Faegri, 1966).

At English sites the early Boreal was also the time when
Corylus began its rapid advance accompznied by the expsnsion
of Ulmus, as signified by the frequencies of these pollen
types in diagrams from these locations. However, pine ex-
ceeded birch in smount, particulasrly in the south of England
than at more northerly sites.

As the expansion of hazel and elm at English sites is
also attributed to improving climatic and edaphic conditions
(Godwin, 1956) it seems probable that the climate and
vegetation in England and the western Forth valley during the

-140-



early Boreal were broadly similar. Thus Zone F.V.2 in the
upper Forth valley can be correlated with Zone V in England.

Correlation of these zones may also be possible by
radiocarbon evidence. Dates presented by Godwin et al (1957)
from Scaleby Moss indicate that the Boreal began c. 9,500 B.P.
and ended between c. 9,000 - 8,800 B.P. A date of 8,690 +
140 B.P. obtained by Newey (1966) from Zone V (F.V.2) deposits
at Kippen is relatively close to the upper dates of the early
Boreal at Scaleby, slthough its apparent age may have been
reduced by contamination of the material obtained for radio-
carbon assay by younger material e.g. roots of trees (Sissons,
1966). Thus it is likely that Zone F.V.2 in the western
Forth valley is synchronous (or approximately synchronous)
with Zone V in England.

The boundary between Zones F.V.2 and F.V.3 is defined by
the increase of Quercus and by the reduction in the frequencies
of Corylus and Betula in the type diagram. Though hazel
attains its maximum at the start of the zone it declines
thereafter in response to the changing environment brought
about by the dominance of tall, broad-leaf taxa, notably
Quercus and Ulmus; the competition of these plants reduced
Corylus and Betula to the role of subordinates, though Betula
was still present in quantity, presumably occupying more open
spaces in the woodland where its demands for light were
fulfilled. Corylus continued as an understory shrub species
in the forest, a role which it occupies at the present time.
This zone thus marks an important stage in the development of
a mature broad-leaf deciduous forest.
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Arboreal pollen spectra in the diagrams from The
Homesteads eand Bield and those of early Zone VI from Drymen
and Gertmore (Donner, 1957), West Flanders Moss snd Kippen
(Newey, 1966) end Esst Flanders Moss (Durno, 1956) are com-
parable to AP totals in Zone F.V.3 in the type disgram from
Woodend Farm. They convey a picture of the development of
broad-leaf forest, notebly oszk and elm, and the decline of
pioneer species such as hazel and birch, similar to that at
Woodend Farm. It may be assumed therefore, that the devel-
opment of this forest was also in response to changes in
climate and soil conditions and the inability of pioneer
plants such as Corylus and Betula to compete successfully
against the advancing layer dominants.

The characteristics of woodland development which
distinguish Zone F.V.3% in the western Forth valley are not
usually apparent in disgrams from Highland sites (including
those investigated by Durno, 1956, 1958; Donner, 1957, 1962;
Vasari and Vasari, 1968; Moar, 1969; Birks, 1970, 1972;
Pennington and Lishman, 1971). Comparison of arboreal pollen
evidence from these areas indicates that Post-glacial wood-
land history in northern Scotland differed from that in the
Forth basin. In the former region oak and elm, although
present in small amounts, were subordinate to birch or, in
parts of north-west Scotland, to pine, whereas the reverse
was the case in the Forth valley. Similar differences in
arboreal vegetation exist between these regions at the present
day.

The pine frequencies shown in the type disgram are
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presumably the result of over-representation. They may,
however, represent actual stands of Pinus in the vicinity
of the type site, since the soils of the srea varied con-
siderably as a result of glaciation. Areas of outwash
sands and gravels are present (Simpson, 1933; Sissons, 1966,
1967b) snd they would develop strongly podsolised soils in
which Pinus associations may have occurred whereas the heavier,
more base rich soils were more favourable for Quercus and
Ulmus. Dollhouse and Drymen appear to be cases where local
stands of pine occurred.

The Pinus frequencies recorded at The Homestead snd
Bield sites were associated with the deposition of carse
clays produced by marine incursion. Pollen of Pinus is
common in such deposits as a result of inwash and concentration
of floating pollen as discussed elsewhere (Sections 4.ii.pp.
80-8% and 4.vi.pp.1l00-110).

The status of pine is therefore doubtful in the Forth
area and the pollen evidence for its widespread presence 1is
not conclusive. This contrasts with the situstion in
contemporaneous English zones as in Breckland, Esst Anglia,
where a prepondersnce of pine occurred in Zones V and VI
(Godwin, 1956).

However, despite the contrasts in the status of Pinus,
forest development in the research area was generally analogous
to that in southern Englend where Quercus and Ulmus also

advanced and Corylus and Betula declined.

Further correlation of Zone F.V.3 in the research area
and early Zone VI at sites in England is given by radiocarbon
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evidence. Dates from Scaleby Moss indicate that Zone VI
began between c. 9,000 - 8,800 B.P. and ended . 725500 B, P,
From Kippen in the western Forth valley dates of 8,690 +
140 B.P. end 8,270 + 160 B.P. from Zone V (F.V.2) and early
Zone VI (F.V.3) deposits, respectively, signify that Zone VI
in this area opened sometime between c. 8,700 - 8,300 B.P.
which is relatively near the lower date for Zone VI at Scaleby.
This suggests that Zone F.V.3 in the upper Forth valley and
early Zone VI at English sites may be synchronous.

A further stage in the evolution of forest in the
western Forth valley is represented in Zone F.V.4 in the type
diagram by rising values of Quercus (which exceed those of

Ulmus), Alnus and increases in Corylus and Pinus. Conversely,

Betula frequencies fall, but more sharply than in the previous
zone. This evidence indicates that oak became predominsnt
in the forest and Alnus began its immigration into the region.
Betula, unable to compete against the advancing layer
dominants declined rapidly, although presumably with Corylus
it remained an understory species in the forest. Pinus may
also have expanded in the Woodend Farm area slthough it is
highly likely that its representation is over-emphasised.

The changes in forest composition in the neighbourhood
of Woodend Farm were also accompanied by s change in sifte
conditions. Freshwater mersh and peat which developed at
Woodend Farm during the preceding zone were replaced by
saltmarsh communities as sea-level rose and carse clays began
to accumulate at this site, as confirmed by stratigraphy 2znd

pollen evidence in the type diagram.
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Whether the changes in forest composition, described
above, were influenced by the prevailing marine conditions
or other environmental factors is difficult to assess. It
is a possibility that the rapid decline of birch may, in part,
be attributed to destruction of marginal woodland by the
rising sea. This is supported by stratigraphic evidence
consisting of a layer of birchwood immediately beneath the
carse clays, indicating that Betula was present at Woodend
Farm just before the sea rose and began to deposit carse clays.
A consistent fall in AP ratios at the level of these miner-
ogenic deposits may also indicate the recession of coastal
woodland as sea-level rose. The development of other wood-
land genera could also hsve been affected by the rising sea.
For instance, water-table levels would rise and produce wet
situations favourable for Alnus. Thus the rise of alder
during Zone F.V.4 at Woodend Farm can be explained by favourable
site conditions for its development, nsmely, low lying clay
soils, a level topography and a high water-table.

Short diagrams from other sites in the research area
can be correlated with the type diagram from Woodend Farm.
Pollen and stratigraphy from Easter Offerance indicate the
presence of mixed oakwood as carse clays were laid down at
this site by a rising sea. Tree pollen totals, especially
Quercus and Ulmus, in the diagram (Fig. 13) from this location
broadly resemble those of woodland genera which characterise
the Boreal in the type disgram. Thus the pollen spectra and
carse clays represented in the Easter Offerance diagram are
also refersble to the Boreal. Further correlation cannot be
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expected as the pollen frequencies from Easter Offerance
are from a small number of samples from a thin layer of
carse clay.

Pollen and stratigraphy represented in the disgram
(Fig. 16) from Newburn slso convey a picture of brosd-leaved
forest development as sea-level rose and carse clays began
to be deposited at this site; events which accord with those
which took place at Woodend Farm during Zone F.V.4. However,
the rise of sea-level and deposition of carse clay at these
sites could hasve occurred at different times as explained
later (Section 5.vi.pp.169-190) therefore exact correlation
may not be possible. Nevertheless, zonal determination of
the Newburn diagram may be possible by radiocarbon datings.

Radiocarbon evidence presented esrlier (Section 4.v.
Pp.93-99) indicates that carse clays began to accumulate at
Newburn shortly before c. 8,000 B.P. when mixed oakwood was
present. Similar vegetational snd merine conditions existed
during the mid-Boresl (VIb) at Newey's (1966) site at Kippen,
a short distasnce east of Newburn, and have been dated at
c. 8,270 + 160 B.P.. As these dates asre relatively close
it may be assumed that the events at Newburn slso took place
during VIb. The frequencies of tree pollen, particularly
oak and elm, which characterise VIb at Kippen and Zone F.V.4
in the type disgram are remarkably similar and can therefore
be correlated. In the light of this evidence it can be
concluded that the development of broad-leaved deciduous
forest and the deposition of carse clays at Newburn also Took

place during Zone F.V.4.
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In contrest to the Newburn diagrams, those from Drymen
and Gartmore (Donner, 1957) and East Flanders Moss (Durno,
1956) reflect a longer period of Post-glacial vegetational
history which can be compared more easily with that at
Woodend Farm. Arboreal pollen totals in mid-Zone VI repre-
sented in these diagrams indicate a development of broad-leaf
deciduous woodlend comparable to the development of forest in
the vicinity of Woodend Farm during Zone F.V.4. There are
of course differences in AP freguencies in the diagrams from
these sites. For instence, oak and alder were more frequent
in the Woodend Farm area than at East Flanders lMoss, Drymen
and Gartmore. These differences are not entirely unexpected
as these sites are situsted some distance from the type site
and account has to be taken of probable differences in site
conditions and their influence upon vegetational development.

Nevertheless, the AP totsls from Woodend Farm, Drymen,
Gartmore and East Flanders Moss are in general similar,
indicating an overall similarity of forest development.
Therefore, it may be assumed that Zone F.V.4 at Woodend Farm
and mid-Zone VI at other sites in the research area are
equivalent. Furthermore, the vegetation and radiocarbon
dates from the mid-Boreal in the upper Forth basin and those
at English sites are also in accord and can therefore be
correlated.

The Late-Boreal (Zone F.V.5) is represented at Woodend
Farm by a further rise of Alnus and a change in stratigraphy
which reflect more changes in regional and local environmental
conditions. The most outstanding of these changes is
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furnished by stratigraphy. At 400cm Phragmites/Carex/

Sphagnum peat is repleced by Eriophorum sp. peat indicating

that plants characteristic of freshwater marsh and swamp were
superseded by raised moss communities. This change in
vegetation is confirmed by rising totals of Sphagnum spores
and Ericaceae pollen in the type disgram.

The development of raised moss is explained by the level,
waterlogged surface of the carse clay at Woodend Farm which
would provide a suitable habitat for the spread of Sphagnum
mosses together with other calcifuge plants such as Ericaceae

and Eriophorum. Comparable stratigraephic and pollen evidence

is presented by Godwin (1955) from the Somerset Levels where
reedswamp was replaced by raised moss which developed upon
flat, saturated marine clays of Late-Boreal age.

Local environmental conditions would also tend to favour
the spread of Alnus as indicated by very high values of its
pollen which depress those of other woodland genera in the
type diagram. Presumably alder was colonising the ill-drained
carse clays present in that ares. It is probable, therefore,
that the development of Alnus at Woodend Farm during Zone
F.V.5 was in response to favourable environmental conditions
at local and regional levels.

The poorly drained carse clay soils at Woodend Farm
would also be a suitable habitat for Betula, as this plant is
commonly present in areas where drainage is impeded. This
would account for the increases in birch pollen totals in
Zone F.V.5 in the type diagram. However, on higher and well-
drained land in the region mixed-ozkwood would predominate;
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the presence of this forest in the ares being indicated by
consistent counts of Quercus snd Ulmus pollen in the type
diagram.

Mixed oask-wood comparable to that at Woodend Farm also
developed at Easter Mye and Dollhouse Site 1, as indicated by
the similarity of pollen totals of oak and elm in the diagrams
from these sites. Betula however did not expsnd although
it is highly likely that with Corylus it was an understory
species of the forest at Easter Mye and Dollhouse. Pinus
was 8lso present on freely drained soils in the vicinity of
Easter Mye as explained in a previous section (4.iv.pp.89-92).

In contrast to the type site, Easter Mye and Dollhouse
Site 1 were inundated by the sea during a major marine trans-
gression into the Forth valley during Zone F.V.5. This event
was accompanied by the deposition of carse clay and the devel-
opment of saltmarsh at these sites as demonstrated by strati-
graphy and pollen evidence. The rise of sea-level produced
by the marine transgression may have influenced woodland
development at these locations. For instance, water-table
levels would rise resulting in increased soil moisture favour-
able for Alnus. This might account for the rise in frequency
of alder pollen in the Easter !Mye and Dollhouse Site 1 diagrams.
However, the increased totals of this pollen type could also
reflect the response of Alnus to regional environmental
conditions, as dates of 7,840 + 125 B.P, snd 7,480 + 125 B.P.
from Dollhouse Site 1 and Easter Mye respectively correspond
to dates of 7,354 + 146 B.P. and 7,425 + c. 350 B.P. when
Alnus begsn to expand during the late-Boreal (VIc) at Scaleby.
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Correlation of Zone F.V.5 vegetation st the type site
and that which developed at Gartmore, Drymen, East Flanders
Moss and West Flanders Moss during the Late-Boreal can also
be attempted. Frequencies of AP from these locations indicate
that late Zone VI was characterised by mixed-oakwood and an
expansion of Alnus similsr to the development of identical
taxa at Woodend Farm. Furthermore, ombrogenous mire also
developed at Gartmore, Drymen and Esst Flanders Moss as
indicsted by rising totals of Sphagnum spores and Ericaceae
pollen in the diagrams from these sites. However, at West
Flanders Moss raised bog did not develop because the site
area was flooded as sea-level rose.

In the light of the above evidence it can be concluded
that Zone F.V.5 at Woodend Farm and upper Zone VI at other
sites in the upper Forth vslley are the same. The forest in
this area bears a close resemblance to that which characterises
the Late-Boresl in England. This evidence and the closeness
of the radiocarbon dates from Dollhouse Site 1, Esster lMye and
Scaleby indicetes that Zone F.V.5 in the western Forth valley
and late Zone VI at English sites are also eguivalent.

The Atlantic Period.

According to Godwin (1956) Atlsntic time is characterised
by the Climatic Optimum in which temperatures and rainfall
increased. Menley (1964) has suggested that annual precipit-
stion at that time may have been 25-50% above that at the
present day. Mean summer temperatures rose to about 2.5%¢
higher than they now are and winters were perhaps 2°C warmer

than at present.
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In these climatic conditions slder attsined its maximum
development; it would be present in the mixed forests of
the ares forming associations in moist hsbitats too wet for
Quercus e.g. along streams. At this time peat bogs developed
in many parts of Britain; blanket bogs developing on flat
upland surfaces with high rainfall 2and rzised moss in moist
lowland areas with impeded drainage, for example on valley
floors. Doubtless the western Forth vslley formed sn ill-
drained grea with a moist climate during Zone F.V.6 similsr
to these conditions at the present day, producing conditions
conducive for the development of Alnus and ombrogenous mires;
the latter gave rise to the Ericacease and Sphagnum represented
in the type disgram and their presence is confirmed by strati-
graphy.

The frequencies of Quercus and Ulmus in this diagram
signify that these texa were also present; the likelihood is
that these plants predominated on well drained soils in the
type area as in the previous zone.

The presence of high forest, Alnus and raised moss
development in the Woodend Farm sres during the Atlsntic period
is confirmed by comparable frequencies of AP snd NAP together
with stratigraphy in the short disgrams (Figs. 10,11) from
Woodend Farm Site 1, situated a short distance northwards of
the type site, although for s time ombrogenous bog did not
develop at Woodend Farm Site 1 as the site asrea was flooded
by the sea, when carse clays were deposited and ssltmarsh
developed at this site as demonstrasted by stratigrsphy snd
frequencies of Chenopodiacese pollen. Presumably the
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prevailing marine conditions were locally unfavourable for
alder as this genus is intolerant of saltwater (Buxton, 1939;
Ranwell, 1972).

The carse clays at this site contain substantisl amounts
of Pinus pollen; however, they are unrepresentative of the
presence of pinewood as it is almost certain that they were
transported from afar by the sea as explained earlier (Section
4,ii.pp.78-83).

Subsequently the sea retreated from Woodend Farm Site 1
and saltmarsh was replaced by freshwater marsh and swamp and
then by raised moss communities which with Alnus developed
upon the surface of the carse clay sbandoned by the ses;
this change in vegetation being confirmed by pollen, spores
and stratigraphy and the disappearance of Chenopodiaceae
pollen, A radiocarbon date of the carse clay/peat Jjunction
at this site, presented by Sissons and Brooks (1971) indicates
that this event took place at c. 6,500 B.P.

A development of mixed-oakwood and aslder, comparable to
the development of identical taexa at Woodend Farm during
Zone F.V.5, is discernible in pollen disgrams (Figs. 24,26)
from the Dollhouse sites situated in the eastern extremity
of the research ares. Stratigrasphic evidence presented in
Fig. 2% shows that these sites were influenced by the rising
sea and periodic river flooding. Such conditions would
produce wet soils favourable for alder in addition to moist
climatic conditions as explained earlier. The likelihood is
that the development of Alnus at Dollhouse was in response
to local and regional environmental conditions during Zone F.V.6
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The vegetation at these sites and at Woodend Farm
matches the development of mixed-oskwood, alder and ombrogenous
mire at the sites at Drymen and Gartmore (Donner, 1957),

Fast Flanders lMoss (Durno, 1956) and Turner's (1965) site at
Wwest Flanders Moss during sub-Zone VIIa, as the pollen, spore
and stratigraphic evidence from these sites and the type site
are similar. Therefore it can be concluded that VIIa and
Zone F.V.o in the western Forth valley are equivalent.

Correlation of Zone F.V.6 vegetation in the research
area with Post-glacial plant development at other Scottish
sites may not be possible as the rise of Alnus began at
different times in different places. For instance, at a
site at Loch Scionascaig in north-west Scotland, alder began
its expansion at c. 6,250 + 140 B.P. (Stuiver, 1969), nearly
one thousand years later than at Scaleby in northern England.
This date is close to a date of 6,490 + 125 B.P. obtained for
the rise of Alnus at Woodend Farm Site 1 by Sissons and Brooks
(1971) who suggest that the zonal divisions in the Forth
valley may not be exactly synchronous with those in England.
However, the AP frequencies in Zone F.V.6 in the type diagram
are strikingly similar to those which characterise the
Atlantic period at English sites. Furthermore, the date from
Zone F.V.6 deposits at Woodend Farm Site 1 and a date of
5,490 + 130 B.P. obtained from equivalent deposits at Turner's
site at West Flanders Moss, fall within the Atlantic period
dated from c. 9,000 - 5,000 B.P. at Scaleby. Thus Zone F.V.6
in the upper Forth valley and VIIa in England are probably

synchronous.
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The Sub-Boreal Period.

The Atlantic/Sub-Boreal (F.V.6/F.V.7) transition in the
type diagram is set where Ulmus pollen values fall. They
mark the decline of this species and the possible onset of
human activity upon forest development in the research area
as explained below. Other changes in forest composition
also distinguish the Sub-Boreal from the previous zone, namely
the revival of Betula and Corylus as signified by increases
in their pollen totals. However, those of Quercus and Alnus
maintain their previous levels, indicating that these taxs
maintained their position during the Sub-Boreal.

Pollen evidence in VIIb diagrams from Drymen (Donner,
1957) East Flanders Moss (Durno, 1956) and West Flanders Moss
(Turner, 1965) show a development of forest similar to that
at Woodend Farm during Zone F.V.7. Thus Zone F.V.7 and VIIb
in the western Forth valley can be correlated. Zone F.V.7
can also be correlated with the Sub-Boreal represented in
English pollen diagrams which are also characterised by AP
frequencies closely resembling those in the type diagram.
Further correlation is given by radiocarbon evidencej; dates
from Scaleby show that the Sub-Boreal began c. 5,000 B.P. and
ended c. 2,500 B.P. These dates are close to those of 5,014
+ 120 B.P. and 5,192 + 120 B.P. and 2,712 + 120 B.P. for the
lower and upper boundaries respectively of VIIa (F.V.7) in
Turner's diagram from West Flanders loss.

The elm decline which characterises the Sub-Boreal at
many sites in Britein and the mainland of Europe is generally
accepted as being the consequence of forest clearance by
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Neolithic agriculturalists, as the fall in elm pollen values
in meny diagrems 1s accompanied by pollen of plants of open

habitat including weed species such as Plantago lanceolata

(Iversen, 1949), Support is given by archaeological evidence
at the level of the elm decline at sites investigated by
Godwin (1956) and Troels-Smith (1960). However, other
explanations for the fz2ll in elm pollen production have been
put forward. These include the selective exploitation of
elm by primitive farmers; disease such as Dutch Elm disease;
climatic factors, for instance decreasing temperatures
(Iversen, 1941, 1960); wet and dry periods which resulted in
fluctuating water-table levels unsuitable for the development
of elm (Tauber, 1965); a declining soil base status caused
by leaching of soils in response to incressing precipitation
(Pennington, 1972); a combination of climatic and human
factors (Dimbleby, 1964; Sims, 1973).

Evidence that the decline of elm in Scotland was connected
with early forest clearance is strong at some sites, partic-
ularly those investigsted by Durno (1965) in Perthshire and
Lanarkshire, where the Sub-Boreazl is characterised by increases
in NAP including Plantago pollen at the level of the elm
decline. At other Scottish sites, however (including those
investigated by Donner, 1957 and Pennington, et al 1973) the
connection betwéen forest clearances denoted by the elm decline
and early farming practices is not established. The main
discrepancy concerns the timing of the clearances with the elm
decline which do not take place at the same level in many
diagrams. For instance, at sites in north-west Scotland
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human interference upon forest development began Cs 55200
B.P., long after elm began to decline (Pennington, 1972).
It 1s possible therefore, that the elm decline wss produced
by causes other than human influence. Donner (1957) con-
sidered that the effects of environmental conditions during
the previous zone (the Atlantic period), such as increased
rainfall, progressive leaching and acidification of soils and
development of peat bogs were largely responsible for the
diminution of forested areas in Scotland. Similar views have
been expressed by Durno (1956) although he also believed that
anthropogenic influence upon vegetation increased from the
beginning of the Sub-Boreal.

With reference to the Ulmus decline in the western Forth
valley, soil impoverishment in nutrients would certainly
occur during the moist Atlantic period as a result of increased
leaching. Such soil change would be unfavourable to Ulmus
which requires soils of adequate base-status. Hence the
pollen counts of elm would fall. These effects, however,
would become apparent only in the Sub-Boreal which experienced
a drier climate as suggested by other evidence e.g. the drying
out of peat bog surfaces (Godwin, 1956), and the development

of Eriophorum sp. peat (Tallis, 1964). Thus the development

of Eriophorum peat at Woodend Farm during the Sub-Boreal,

as demonstrated by stratigraphy, a2lso suggests some tendency
towards lessened humidity in the western Forth valley at this
time. The drier conditions of the Sub-Boreal would not
restore Ulmus to its former status as the soil change would

be irreversible over a short period.
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The evidence for human influence upon forest composition
in the type disgram is less clearly indicated than in diagrams
from some other parts of Britain. The other sites in the
research area moreover, are investigations of aspects of
environmental change of earlier date than that of the Ulmus
decline and hence can yield no supporting evidence. Other
workers, however, have made contributions to the subject of
anthropological influence upon vegetation in the upper Forth
region, and their conclusions may be cited as supporting
evidence (Durno, 1956; Donner, 1957; Turner, 1965).

With reference to the Woodend Farm Site 2 sample diagram,

continuous frequencies of Plantago lanceolata appear above

the level of the Ulmus decline, although isolated grains were
recorded just below it. This herb became a consistent, yet
small, component of the pollen rain during this zone and the
following zone, perhaps indicating some small clearings in the
forest, although the presence of other weeds of cultivation
is not recorded. On the whole, the composition of the forest
was, apart from the absence of Ulmus, not affected although
there are fluctuations in the frequencies of Betula and Corylus,
perhaps indicating the restoration of birch and hazel scrub
after clearances had been abandoned by early farmers. In
the case of birch, however, it is more likely that its
expansion during Zone F.V.7 was associated with the development
of Sphagnum moss and a moist climate as Betula develops well
in such conditions (Xinnaird, 1974).

Archaeological work has shown that in Scotlsnd the human
inhabitants during the Neolithic formed primitive communities
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subsisting by hunting, fishing and food gathering (Piggott,
1958) and retained for a considerable time the characteristics
of the Mesolithic (Lacasille, 1954). Later, Bronze Age
communities, who derived their food from nomadic pastoralism
and grazing snimals would make some impact upon forest
composition (Turner, 1965). Thus it is possible that small
clearings and perhaps selective exploitation of elm during the
Neolithic and Bronze Ages may have taken place in the western
Forth valley although this has yet to be established.

In the light of the above evidence it seems possible that
human disturbance of the forest in the upper Forth basin
during the Sub-Boreal was on a8 very small scale and may have
been connected with early ferming practices. However,
environmental factors such as leaching and acidification of
soils and the spread of raised moss in response to a moist
climate may have been more important causes responsible for
the decline of forest in the western Forth valley during

Zone F.V.7, and may explain the presence of Plantago lsnceolata

and increases in Betula and Corylus after elm began to decline

in this area.

The Sub-Atlantic Period.

The Sub-Atlantic, Zone F.V.8, at Woodend Farm is dis-
tinguished by changes in stratigraphy and pollen totals which
reflect the continued effect of climate and other environmental
factors and the probable intensification of human activity
upon the vegetation.

The most outstanding of these changes at the type site is

the replacement of dark, highly humified, fibrous Eriophorum
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sp. peat by paler Sphagnum peat of low humification. This
stratigraphic change is accompanied by rising values of
Ericaceae pollen and Sphagnum spores and represents a further
development of raised moss. A similar change in stratigraphy
usually characterises the Sub-Boreal/Sub-Atlantic trsnsition
at other sites in the western Forth valley and elsewhere in

Britain and is called a recurrence surface or Grenzhorizont.

It is generally accepted that the poorly humified Sphagnum
peat of the Sub-Atlantic reflects a rapid growth of oligotrophic
vegetation and peat formation in response to climatic deter-
ioration when temperatures fell c. 2% and rainfall increased.
It is evident that such climatic conditions must have existed
in the upper Forth valley during the Sub-Atlantic and favoured
the rapid development of raised bog in this area.

Radiocarbon evidence from Scaleby shows thst the Sub-
Atlantic began c. 2,500 B.P. which agrees with a date of
2,712 + 120 8.P. for the Sub-Boreal/Sub-Atlantic transition
at Turner's (1965) site at West Flanders Moss. This confirms
that the rapid development of raised moss in the western
Forth valley and in England during the Sub-Atlantic was
contemporaneous.

As ombrogenous mire developed at Woodend Farm the forest
steadily decreased as indicated by the fall in AP rstios in
the type diagram. During this time elm was poorly represented
and slder was less frequent than in the previous zone.

Betula, however, continued to expand accompanied by increases
in Quercus and Corylus. A similar picture of vegetation
during the Sub-Atlantic is conveyed by pollen, spore and
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stratigrephic evidence in the diagrams from Drymen (Donner,
1957), West Flanders Moss (Turner, 1965) snd East Flanders
Moss (Durno, 1956), and in disgrsms from Highland sites
(including those investigated by Durno, 1956; Donner, 1957;
Vasari snd Vasari, 1968).

It is generally accepted that in Scotland forest had
rapidly declined as a result of natural processes (i.e.
development of peat bogs, progressive acidification and leaching
of soils connected with climatic deterioration) by the beginning
of the Sub-Atlantic, and that the decrease of forest during
Zone VIII was caused mainly by the continuation of these pro-
cesses and the intensification of humsn activity. These
factors doubtless influenced the vegetation of the resesrch
area.

It is difficult however, to gauge the impact of man upon
the forest in the upper Forth basin from the type diagram as
the Sub-Atlantic is not fully represented. According to
Turner (1965) large scale clearance of the forest in this area
took place from c. 80 AD during the Roman occupation. These
clearances are represented by increases in Gramineae pollen
totals (above 80%) and those of Plantago snd Pteridum in
upper Zone VIII in her diagrasm from West Flanders lMoss. It
is possible, however, that small clearings were made in the
forest prior to the Roman period i.e. during the Iron Age.

This is suggested by increases in Gramineae and low, consistent

totals of Plantago lanceolata pollen frequencies in the type

diagram and early Zone VIII at Drymen and East Flanders lloss.
On the other hand, archaeological evidence of human
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occupation in the western Forth valley during the Iron Age

is much stronger. Evidence presented by Feacham (1963%)

shows that high ground near Stirling was occupied at this
time, and an Iron Age crannog (a lake/marsh dwelling) recorded
by the Ordnance Survey on Flanders Moss (at NS 569988)
indicetes that the mossy, ill-drained floor of the upper
Forth valley was also inhabited. That Iron Age man actually
cleared forest in the research area has yet to be established,
although Turner (1965) has suggested that small clearings,
connected with semi-nomasdic pastoralism, were probably made
in the forest during the Iron Age.

The course of vegetational history in the upper Forth
valley during the late stages of the Sub-Atlantic is not
represented in the type diagram as explained earlier (Section
4.i.pp.64-77). However, raised moss continued to develop
and forest declined as recorded in the diagrams from West
Flanders Moss (Turner, 1965) and East Flanders Moss (Durno,
1956). All of the primeval woodland and most of the raised
moss have been cleared for agriculture; the reclamation of
peat moss began in 1776 and at the present time much of the
remaining area is planted with coniferous trees.

The evidence presented in this section establishes that
the course of Post-glacial forest history at Woodend Farm
Site 2 is representative of Post-glacial vegetational devel-
opment in the upper Forth basin and can therefore be used as
a standard reference for the Post-glacial in that area.
Furthermore, it has been shown that radiocarbon dates from
Post-glacial sites in the research area generally fall within
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the major divisions of the Post-glacial dated at Scaleby.
The assumption csn therefore be made that the chronologiceael
index of Post-glacial vegetational history at Scaleby is
relevant as a temporary guide to date major sequences of
vegetational development in the western Forth valley during

the Post-glacial.
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> P 512N Interpretation of Pollen Frequencies in Marine

Deposits in the Western Forth Valley.

Studies have been made of flotation and long distance
transport capabilities of pollen grsins, in particular Pinus,
and the effect of these factors upon pollen spectra from
water-borne minerogenic material. Barly work by Erdtman
(194%) has shown that pine pollen is particulsrly subject to
long distance transport by sea currents. Hopkins (1970)
later demonstrated, under laboratory conditions, that pollen
once wetted acts as any other fine clastic particle and is
thus transported as part of the washload. IMuller (1959)
however, was among the first to investigate, under field
conditions, relationships between the sedimentstion of pollen
and marine deposits. His researches show that the deposition
of pollen in marine sediments is closely related to water
currents and is dependent upon relationships between pollen
size, specific gravity and water current patterns. Similar
relationships between the sedimentation of pollen and fine
mineral particles in marine depositional environments have
been demonstrated by Cross and Shasefer (1965) and Traverse
and Ginsburg (1967). This work shows that high Pinus pollen
frequencies are a feature of fine surface muds associated
with sluggish water movement, in contrast to low concentra-
tions of this pollen type in sandy sediments sssociated with
turbulent sea currents. The distribution of pollen in marine
sediments is, therefore, a function of sediment types and
sedimentation characteristics.

Tt was established earlier that the fine grained deposits
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which characterise the Main and Low Buried Beaches and carse
clays in the research aresare indicative of gentle sedimentation
associated with the conditions prevailing at the head of an
estuary in a2 lowland situation. During periods of high sea-
level, the upper Forth formed a sheltered estuary with an
absence of strong wave action and therefore unlikely to be
subject to repid erosion and deposition of coarse deposits.
Thus calm conditions prevailed as the estuarine muds and clays
of the buried beaches and carse clays accumulated in the
western Forth valley. Pollen accumulated in these deposits
as they were laid down, derived from landward and/or seaward
sources and carried to the sites by river, tidal action or

air currents. Pollen preservation was good owing to the fine
grained, anaerobic character of the deposits.

Whether the pollen in these deposits is representative
of vegetational development contemporaneous with the pre-
vailing high sea-levels is of major importance. Walker (1966)
considered that in the interpretation of pollen frequencies
from marine laid mineral matter account has to be taken of
possible pollen selectivity by the movement of sea-water,
conditions of sedimentation and reworked pollen from older
material.

Although pollen selectivity is possible it seems unlikely
that this would account for the pollen in the buried beaches
and carse clays, particularly AP ss they usually accord
(with the exception of Pinus) with AP frequencies in peats
overlying these marine deposits.

That pollen present in the buried beaches and carse
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clays are reworked from older material also seems unlikely

as the deposits reflect gentle sedimentation. Furthermore,
no corroded or broken pollen grains - indicators of reworked
pollen (Birks, 1969), were observed in the samples analysed
for pollen. The only evidence of recycled material in

these deposits are adventitious Pre-Quaternary spores. They

consist mainly of Lepidostrobus Jacksonii and L.Oldhamius,

members of the Lycospora, which are common in Carboniferous
rocks (Butterworth, pers.comm.) and have also been found in
rocks of Devonian age by Chaloner (1967). Carboniferous

and Devonian rocks are predominant in the western Forth valley,
therefore it is almost certsin that the Lycospores (and other
spore types) in the buried beaches and carse clays in that

area were derived from these strata. It is likely that

these spores were released by the erosion of these rocks by
rivers which transported them into the sea.

Account must also be taken of the transportation and
deposition of pollen into the sea by rivers. For instance,
Alnus pollen in the carse clays at Dollhouse could have been
derived from aslder present in streamside situations in That
locality and transported by streams snd deposited in the carse
clays as they were laid down by the sea. However, no marked
changes in the pollen counts characterise the marine and
fluviatile materiasl at the Dollhouse sites and the conclusion
may therefore be safely made that these counts are a continuing
indication of the regional vegetational development.

Support is given by evidence from regions outwith the
Forth valley. Groot (1966) has compared recent pollen grains
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suspended with fine clastic material in the Delaware River
in the United States with those in fossil marine sediments in
the Delaware basin. He found that they were similar and
concluded that the pollen in the marine deposits reflected
vegetation comparable to that in the Delaware basin at the

present day.
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o Vegetational Response to Sea-Level Changes in the

Western Forth Vslley.

From the pollen snd stratigraphic evidence presented in
this thesis, sequences of vegetation associated with changes
of sea-level are apparent znd merit further discussion.

The most abundsnt pollen and macrofossils in the buried
beaches and carse clays are those of grasses, especially the

common reed Phragmites, and sedges. They are accompanied by

pollen of Chenopodiacease, Plantago maritima and Compositae.

Representatives of these plants are characteristic of flora

in present day saltmarshes in the Forth valley (Foord and
Kidston, 1890; Martin, 1934; Chapman, 1941), the Tay estuary
(Smith, 1905) and at other coastal estuaries in Britain
(Chapman, 1938; Gillham, 1957; Ranwell, 1972).

Consequent upon the regression of the ses from the
buried beaches and carse clays saltmarsh was usually replaced
by freshwater mersh and swamp, particularly at sites close to
the shorelines of the buried beaches and carse clays. The
fall in sea-level would result in & lowering of water-table
levels which may have stimulated the expansion of reedswamp
at these locations. This interpretation is supported by the
work of Salisbury (1970) which shows that a lowering of water-
table level may enhance the vigour of reedswamp and extend its
ZOne. At some locations however, namely The Homesteads and
Turner's (1965) site at West Flanders lMoss, communities of
raised moss developed in suitable ill-drained situations on
the buried beaches and carse clays and have continued to
develop to the present day. In other parts of the Forth
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valley the carse clays were colonised by oak, as evidenced
by historical records of its presence in these deposits
(Sissons and Brooks, 1971).

As the vegetational changes described above are related
to changes in sea-level they are of use in the dating of

Post-glacial ses-level changes in the upper Forth valley as

shown in the next section (5.vi).
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5.vi. Dating of Relastive Land and Sea-Level Changes

in the Upper Forth Vslley during the Late -

and Post-glacial Periods.

Pollen zonation and radiocarbon datings of organic
and minerogenic material at the sites investigated provide
a chronological framework which, supported by geomorphol-
ogical evidence, can be of use firstly, to date relative
changes of sea-level in the western Forth valley during the
Post-glacial; secondly, to cast some light upon eustatic
and isostatic movements in this region, with particular
reference to possible influence of land uplift upon the
early rise of the main Pést-glacial marine transgression.
However, before this is attempted some recapitulation of
Late-glacial land and sea-level changes in the Forth valley,
as determined by geomorphological, rsdiocarbon and pollen
evidence, seemé to be required in ordef to place Post-glacial
isostatic and eustatic movements in the research ares in
the sequence of Late-Quaternary events which occurred in
the Forth valley as a whole.

Geomorphological evidence presented by Sissons (1969)
shows that during the later pasrt of the Late-glacial, the
sea transgressed into the central lowlands of Scotland.

This merine transgression began later than c. 15,000 -
12,500 B.P., when the last British ice sheet finally wasted
away in response to a rapid rise of temperatures, as
indicated by 014, stratigrsphic and Coleopteran evidence
summarised by Sissons and Walker (1974).  The transgression
probably culminated at about 10,300 B.P.
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For a considerable period this Lete-glacial sea-
level in the centrsl Forth valley stood at or slightly
above its present level in relation to the land. During
this time the Buried Gravel Shoreline and related features
were formed, Late-glacial clays being extensively planated.
Subsequently, sea-level rose to sbout 6m OD and then became
stable; this rise being associated with further planation
of Laste-glacial clays in the central Forth lowlands.
Sissons (1974a) has correlated this period of marine erosion
and the formation of the Main Late-glacial Shoreline, which
he has renamed the Main Late-glacial Shoreline, with Late-
glacial marine erosional features on part of the west coast
of Scotland.

That the sea was present in the upper Forth valley
c. 11,800 B.P. is indicated by pollen, rsdiocarbon 2nd shell
evidence from ice-transported marine sediments in the
Menteith morsine (Gray and Brooks, 1972). The dated marine
sediments were transported by ice of the Loch Lomond Re-
advance as it moved down the western Forth valley and were
deposited, together with other morainic material, in the
Menteith moraine, which marks the limit of this readvance
in the Forth valley. The level of the sea in relation to
the land during the Late-glacial Interstadial was perhaps
partly related to downwarping of the land as ice of the
Toch Lomond Readvance begen to advance into the western
Forth valley. This event took place during 2 more
continental climate than now, when mean July temperatures
probably fell to sbout 7°C (Sissons, 1974b).
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It is generally considered that the Loch Lomond
Stadial lasted between ¢. 10,800 - 10,300 B.P. However,
evidence reviewed by Sissons (1974c) suggests that glaciers
of the Loch Lomond Readvance in Scotland existed before
10,800 B.P. and thet deglaciation took place after 10,300
BoE, In addition, variations in topography and precipit-
ation may also have caused glacier ice to develop at
different times in different localities. Thus until more
c'* datings become availsble, the dates conventionally
assigned to the stadial must be viewed with caution.
Nevertheless, in the context of sea-level chsanges in the
Forth valley, geomorphological evidence indicates that the
maximum of the Loch Lomond Readvance in this area corresponds
to the culmination of the Late-glacial marine trsnsgression
represented by the High Buried Beach, when sea-level was
about 12m 0D by the Menteith moraine.

Subsequently, the sea fell relative to the land, but
at approximately 9,000 B.P. there was probably a slight rise
when the Main Buried Beach, located at about 10m OD
immediately outside the lMenteith moraine, was formed. By
this time glacier ice had disappeared from the Forth valley
(and perhaps from other parts of Scotland) and the ses
transgressed to the western extremity of this region. This
event is confirmed by the presence of Mein Buried Beach
material at Woodend Farm Site 2, situated close to the
western margin of the Forth valley. The buried beach
deposits accumulated at this site during Zone F.V.4 (Zone
IV of the English zonation) and are of equivalent age to
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the Main Buried Beach, represented by identical minerogenic
material, st Newey's (1966) site at West Flanders Moss snd
ferther east at Bield and The Homesteads sites as stated
previously. Although no radiocarbon datings of the Main
Buried Beach are available at present, the pollen and
stratigrephic evidence from these sites indicate that the
sea probably transgressed rapidly westwards and was not
significently retarded by isostasy.

Subsequent to the formation of the Main Buried Beach,
sea-level fell to nesrly 7m OD when the Low Buried Beach was
formed. This feature was probasbly associgted with a minor
marine transgression as this buried beach, like the Main
Buried Beach, is extensively developed both inside and outside
the Menteith morasine, as shown by geomorphological evidence
presented by Sissons (1966). The level of the sea then
dropped further, probably reaching a minimal level at about
8,500 B.P. when it became restricted to the buried estuary.

Around or shortly after 8,500 B.P., the sea began to
rise rapidly in relation to the land (Fig. 3) and carse clay
began to accumulate over the buried beaches and the peat
resting upon them. This transgression (the principal Post-
glacisl marine transgression in the Forth valley) was caused
by a world wide eustatic rise of sea-level in response to
the disintegration of the world's ice sheets (1.iii.pp.29-39).
The main Post-glacial marine transgression culminated in the
western extremity of the Forth valley at c. 6,500 B.P., as
indicated by radiocarbon evidence from peat immediately
above the carse clay surface at Woodend Farm Site 1.
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As the main Post-glacial sea transgressed into the
western Forth valley isostatic recovery of the land was
decreasing (p.36; Fig. 5). However, a major objective of
the thesis was to attempt to determine whether the early
rise of this transgression was retarded by lend uplift, as
stated. Of use to this investigation are the data from the
follpwing sites; Dollhouse Site 1, The Homesteads, Bield,
Newburn, Haster Mye, Easter Offerance snd Woodend Farm Site
2, together with Newey's (1966) sites at West Flasnders Moss
and at Kippen, because at most of these sites the base of
the carse clay is accessible and has been dated by pollen.

In addition, radiocarbon dates from Dollhouse Site 1, Kippen,
Newburn and Easter Mye assist in dating the early stages of
this marine transgression. It should be pointed out,
however, that the sites are isolated points on the carse clay
and distributed over a distance of about %8Km, and that the
carse slopes not only down-vaelley but also towards the centre
of the Forth valley (i.e.‘at right sngles to the carse
shoreline). Thus the altitudinal measurements of the carse
clay base at the sites investigated need to be discussed.

Height measurements, pollen and svailable radiocarbon
datings of the base of the carse clasy at these locations are
plotted on a height/distance diagram (Fig. 30) in order to
show the location of these sites, and the data from them,
in relation to the gradients of the surfaces of the Main
Post-glacial and Main Buried Beach Shorelines in the research
area.

This diagram shows that both shorelines slope down-valley
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The Main Buried Shoreline reaches its highest altitude of
about 11.5m OD in the west snd its lowest, at c. 7/m OD, at
a8 point spproximstely 9Km esst of Stirling. Likewise, the
gradient of the Msin Post-glacial Shoreline also declines
down-valley, from a3 maximum altitude of nearly 15m CD in
the westernmost part of the Forth valley, to about 10m OD
at Dollhouse Site 1 in the eastern extremity of the research
area.

The lMein Post-glacial Shoreline is dislocated at points
F and G (Fig. 30) and these dislocations correspond to two
dislocations of the Msin Buried Shoreline. However, the
latter feature has two abrupt changes of altitude not
represented in the carse shoreline. One of these disloca-
tions is at the Menteith moraine, between points D and E in
the disgram, and may have been caused by the weight of ice
west of tThe moraine operating in the reverse sense during
and after the removal of the ice load. The other dislocation,
between G and H, may have been caused by fsulting, as a
major fault, the Abbey Craig Fault, crosses this buried
shoreline at H. Apart from these dislocations, the Main
Buried and Main Post-glacial Shorelines are essentially
parallel snd slope in sympathy with each other, indicating
that in the period of approximately 2,500 - 35,000 years
between the formation of these features there was no
differential uplift of the land in the area. That is to
say, that during fhis period the area wes uplifted as three
units without detectable tilting, these units being
separated by the dislocations described above. Thus where
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gradients now exist in the shorelines, they are the result

of tilting since the Main Post-glacial Shoreline was formed,
and the greater oversll gradient of the Main Buried Shoreline
is a consequence of the dislocations st D - E and G - H
which have produced over half the overall slope of this
shoreline.

In the extreme west (section A - C in Fig. 30)
information on the altitude of the Main Post-glacial Shoreline
is sparse, since almost everywhere this shoreline is covered
or replaced by peat. In this section is situated Woodend
Farm Site 2, where the bsse of the carse clay, at 13.4m 0D,
corresponds to the boundary between Zones F.V.% and F.V.4
(V1ia/V1lb transition).

In the area between C and D, within the Menteith moraine,
the surface of the carse clay is essentially horizontal.

In this section are located the sites of Easter Mye, Newey's
(1966) site at West Flanders Moss and Easter Offerance.
These are situated on the carse surface at various distsances
from the carse shoreline. Easter Mye is located close to
the shoreline where the altitude of the base of the carse
clay is at 1%.%4m OD. Pollen and radiocarbon evidence
indicate that carse clay began to accumulate at this site
during Zone F.V.5 (Vle) at about 7,500 B.P. Approximately
0.5Km north of Baster Mye is Newey's (1966) site at West
"landers lMoss. Here the height of the carse clay base is
at 10.67m 0D, and pollen and resdiocarbon data signify that
carse clay began to be laid down at this location close to

the V1a/V1lb junction (Zone F.V.3/F.V.4 transition) st
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s 85500 B.P, About 0.5Km north of this site is that at
Easter Offerance where a thin band of peat is sandwiched
between carse clays. Although only three samples were
analysed from the minerogenic deposits beneath this pest
layer, pollen and stratigraphic evidence suggest that the
peat and lower minerogenic materiasl at this station are of
Late-Boreal age and accumulated during the main Post-glacial
transgression. This evidence, however, does not help to
date the transgression ét this site, although it may be of
some value in the interpretation of eustatic snd isostatic
movements in the western Forth valley during the Late-Boresl
as shown later.

East of the lMenteith moraine the Main Post-glacial
Shoreline has a slight down-valley gradient. This esstward
slope of the shoreline is probably largely or entirely due
to the western measurements of the shoreline, located in an
embayment between the Menteith moraine and Arnprior, being
higher than those farther east. These differences may in
part be due to the build-up of the carse shoreline by local
site conditions, such as deposition of stream-borne
terrestrial minerogenic material. However, if the messure-
ments between C and F are snalysed together, the shoreline
is not significantly different from horizontal.

In the section D - F are located the Newburn site and
Newey's (1966) site at Kippen. The former site is situated
at the mouth of a buried meltwater chennel immediately east
of the Menteith moraine. The stratigraphy at Newburn
consists of a lower mineral layer, presumed to be carse
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clay (4.v.pp.93%3-99), This is overlsin by a thin bed of peat
which in turn is buried beneath carse clay. A date of

8,010 + 150 B.P. obtained from the top of the peat indicates
that shortly sfter this date this oreanic layer began to be
covered by carse clay. According to pollen evidence this
event probably took place during Zone F.V.4 (V1b), although
the stratigraphy at this site suggests that the pollen and
radiocarbon dsta from this location are of little use in
dating the initial rise of the main Post-glacial transgression
as the base of the carse clay was not reached. The above
evidence, like that from Easter Offerance may, however, be

of use in the interpretation of lsnd and sea-level factors
operative in the research area during the Late-Boreal.

About 3Km east of Newburn is Newey's (1966) site at Kippen.
At this site, also situated at a point north of the Main
Post-glacial Shoreline, the base of the carse clay is at
7.69m OD, This horizon is just below the V1s/Vl1lb transition
(Zone F.V.3/F.V.4 boundary) st Kippen. A date of 8,270 +
16C B.P. obtained from peat immediately beneath the carse
clay signifies that the latter material begsn to be 1laid down
at this location about this time.

Over a distance of nearly 8Km, between F and G, the
surface of the Main Post-glacial Shoreline has a down-valley
gradient of 0.109m/Km. The Bield site is located st a
point close to the shoreline in this section where the base
of the carse clay is at 9.46m OD and rests upon peat.
According to pollen date the carse clays began to cover the
peat at this site during Zone F.V.3 (Vla).
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The Homesteads site is located at a point between
H and I where the carse overlies pesat. The peat/carse
clay contact is at 8.19m OD and has also been pollen dated
at Zone F.V.3.

Between K and L the Main Post-glacial Shoreline has
been lowered by cozl mining subsidence snd the majority of
measurements of the altitude of the carse surface are from
an embayment into which several streams flow. Thus a
meaningful shoreline gradient for this section of the shore-
line cannot be calculated. Nevertheless, these measurements
indicate that the shoreline has a definite down-valley
gradient from about 12.5 to 11.5m OD.

It is likely that the eastward tilt of the carse clay
surfsesce from L to M is continued, for at Dollhouse Site 1,
situated in the easternmost part of the research area, the
top of the carse clay is at 9.60m OD. At this site, located
close to the carse shoreline in an embsyment, the early rise
of the msin Post-glacisl transgression may well be expressed
by coarse sands and gravels beneath the carse clay (4.vii.pp.
111-121). The base of this sand and gravel layer is at 7.14m
0OD. Resting upon its surface are minerogenic deposits consis-
ting of carse clays, river-borne sands and thin basnds of gravel.
These deposits probably began to accumulate over the sand and
gravel layer after c. 7,800 B.P. as indicated by s date of
7,860 + 125 B.P. obtained from wood, probably transported,
resting upon the buried surface of this gravel at 7.%1m OD.

As stated earlier, each site is an isolated point on
the carse clay over a distance of epproximately 358Km. Only
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five of these sites (Dollhouse Site 1, The Homesteads,
Bield, Haster lMye and Woodend Farm Site 2) are situated
close to the Main Post-glacial Shoreline, and of these, two
(Dollhouse Site 1 and The Homesteads) are located in
embayments and one (Easter lMye) in a small re-entrsnt valley.
It is possible, therefore, that the measurements of the
altitudes of the carse clay base at these locations are
unrepresentative of this horizon in the research area, as
they mey reflect local varistions in conditions st each site
before, during and after the main Post-glacial transgression.
These local variables might include the compaction of peat
by the weight of overlying carse clays; a possible
explanation for the highly compacted peat beneath carse clays
at The Homesteads site. There may also have been differen-
tial rates of sedimentation associated with different types
of sediment, as at Dollhouse Site 1, where stream-borne
deposits probably accumulated rapidly in relastion to carse
clays laid down by the rising sea. Similarly, locsl factors
may also explain the difference in sltitude of the peat/
carse clay junction at Newey's (1966) sites at Kippen and
West Flanders Moss, which are situated at points north of
the Main Post-glacial Shoreline.

It seems unlikely that the differences in altitude of
the base of the carse clay are due to erosion of peat by
the sea as carse clays began to be laid down because firstly,
at sites where peat is present (e.g. The Homesteads, Bield,
Easter Mye and Woodend Farm Site 2), remains of plants pass
vertically from the peat into the carse clays; secondly, the
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latter deposits sre generally fine grained and indicative

of gentle sedimentation. A further possibility is that
tidal variation along the length of the Forth estusry may
have influenced the height measurements of the shorelines
under consideration, slthough this factor would not explain
the changes in the gradients of the shorelines, particularly
those between D - E and G - H. That the constrictions of
the Forth estuary at the Stirling gap and at Menteith
affected tidal conditions is also improbsble, as the Main
Post-glacial and Main Buried Shorelines are essentially
horizontal on both sides of the Stirling gap, while the former
shoreline is also horizontal on either side of the Menteith
gD .

The measurements of the carse clay base at the sites
examined indiceste firstly, a down-valley slope from west to
east, from the western margin of the Forth valley to Stirling,
and from north-west to south-east, east of that city;
secondly, that the base df the carse clay also declines in
altitude towsrds the centre of the Forth valley. This
evidence is in accord with the compsarable slopes of the carse
clay and Main Buried Beach surfaces.

That the land was rising as the sea deposited carse
clays in the upper Forth valley is indicated by the two
dislocations of the Main Buried Beach, between G - H and
D - E, as they are not represented in the IMain Post-glacial
Shoreline and were probably a result of uplift, but not
tilting, of the land, as stated. Downwarping of the land
towards the centre of the Forth valley, although possible,
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is considered unlikely (Sissons, 1972).

The possibility exists that isostatic recovery may
have reterded the advance of the main Post-glacial sea into
the upper Forth valley. This possibility can be tested by
pollen and radiocarbon evidence from the sites investigated.
Bast of the Menteith moraine, the sea began to deposit carse
clays at The Homesteads and Bield sites during Zone F.V.3
(Vlia). Farther west, at Kippen, deposition of identical
minerogenic material commenced almost at the end of Vla
(Zone F.V.3), at about 8,300 B.P. Within the Menteith
moraine, carse clays began to accumulate at Newey's (1966)
site at West Flanders Moss towards the close of Vl1a and at
wWwoodend Farm Site 2, located in the westernmost part of the
Forth valley, at the beginning of Zone F.V. 4 (Vl1b). These
dates, from between upper Zone F.V. % and the beginning of
Zone F.V.4, cover a short period of the Late-Boreal and
indicate that the sea transgressed relatively swiftly into
the western Forth valley. Thus retardation of this trans-
gression by land uplift was probably insignificant.

There are, however, differences in the times when the
sea began to deposit carse clays at Easter lMye, Newburn and
Dollhouse Site 1, which may be explained by local variations
of site conditions. At Easter Mye, located within the
Menteith moraine, deposition of carse clay began during
Zone F.V. 5 (Vle), around 7,500 B.P. whereas at Woodend Farm
Site 2, situated farther west, identical deposits began to
accumulate at the beginning of Zone F.V. 4 as stated. This
difference is probably not attributsble to differences in
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altitude, as the base of the carse clay at Woodend Farm

Site 2 is only slightly higher (c. 6cm) then that st Esster
Mye. As the latter site is located in a small re-entrant
valley (Sissons, 1966. Fig. 1), it seems possible that local
conditions at this site favoured the accumulation of peat
which temporarily exceeded the level of the rising sea.
support is provided by the fact that peat bogs in the region
of East Flanders Moss, investigated by Sissons, Cullingford
and Smith (1965), were not inundated by the main Post-glacial
transgression, as they developed rapidly in relation to the
rising seas. In addition, the arrival of the sea at Easter
Mye during Zone F.V. 4 may, in part, be related to a possible
slowing down of the rate of sea-level rise resulting, perhaps,
from diminution of meltwater flow into the oceans from
decaying ice sheets in the world.

Another possibillity is that land uplift may hasve delayed
the sea reaching Easter lMye until Zone F.V. 4. About 0.5Km
north of this site is Newey's (1966) site at West Flanders
Moss where carse clay began to accumulste towards the close
of Vlia (Zone F.V. 3). Farther north is the site at Easter
Offerance where carse clays also began to be lsid down during
the Late-Boreal, but deposition of this material was
temporarily halted and peat developed. This orgasnic layer
was subsequently buried beneath carse clay. The strati-
graphic evidence from Easter Offerance suggests that the
formaetion of peat at this site might have resulted from a
temporary stillstand of the sea or thet the land rose and

for a short time was above the level of the sea. The former

-182-



possibility is unlikely as there is no evidence that the
rise of the ses-level was temporsrily halted; the latter
possibility also seems improbable because there is no peat
layer between the carse clays at Newey's site, located about
0.5Km south of Easter Offerance, nor at other sites within
the Menteith moraine. Furthermore, the presence of peat
between the carse clays at Easter Offerance indicates that
downwarping of the land in this part of the Forth valley is
unlikely, as this site would have been covered by the sea and
peat would have been unable to develop. Thus the arrivsl of
the sea at Easter lMye may well have been delayed by local
factors, unconnected with land uplift; the most important
probebly being that peat development temporarily exceeded

the rate of sea-level rise. Subsequently, the sea rose and
the peat was covered with carse clay.

The development of peat at Easter Offerance may also be
attributed to local conditions. As stated earlier (4.iii.pp.
84-88), this site is situated in 8 small river channel and the
peat in the section exsmined is part of an orgeanic layer which
probably extends the length of this channel. In addition,
it was established that the peat is in situ, as stems of

Phragmites and Carex sp. pass vertically from the lower

carse clay layer into the peat and from this organic material
into overlying carse clay. The presence of macro-remains

of reed in the lower carse clays indicates that represent-
atives of this plant must have been present as these miner-

ogenic deposits accumulated at this site. As Phragmites

is a silt-trapper par excellence (Tansley, 1939)
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it is a probability that this plant assisted in the silting
up of this site with carse clays and possibly fine river-
borne minerogenic material (although the latter, if present,
could not be distinguished from the carse clays). Con-
sequently the level of these deposits was raised sbove the
sea and thereby created conditions favourable for the
development of freshwater marsh and peat. Later, plants
and peat were buried beneath carse clays laid down by the
rising sea.

A comparable sequence of events may also have occurred
at Newburn, situated near the mouth of an sbandoned melt-
water channel immediately east of the Menteith moraine,
where carse clays are separated by peat as at Easter
Offerance. Furthermore, the peat at Newburn is also in
situ, being part of a peat layer which has been traced for
a considerable distence up-valley by Sissons, Cullingford
and Smith (1965). Pollen and stratigraphic evidence from
the section examined indicate that plants characteristic of
reedswamp were also present as the lower carse clays accumu-
lated at this location. Thus, as at Easter Offerance,
these minerogenic deposits and possibly fine river-trans-
ported sediments were probably trapped by reeds and raised
above sea-level, creating an environment suitable for the
growth of freshwater marsh and peat. Subsequently, this
organic material ‘was overtaken by the rising sea and covered
with carse clays. This event took plsce at about 8,010 +
130 B.P., the date obtained from the upper peat/carse clay
junction at this site (4.v.pp.+93-99).
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It i1s also possible that the conditions which gave
rise to the development of vegetation and peat at Newburn
may in part have been caused by land uplift raising the
lower carse clays above sea-level, as close to this site
the Main Buried Beach is dislocated, this dislocation
possibly resulting from isostatic readjustment during the
main Post-glacial transgression as explained. However,
isostatic influence upon events at Newburn whilst possible
seems unlikely, because there is no peat band between carse
clays at Kippen, situated about 3Km east of Newburn, nor at
other sites investigated outside the Menteith moraine to
substantiate the view that land uplift exceeded sea-level
rise during the Late-Boreal.

Furthermore, although the land was rising (Fig. 5),
the rate of this rise was almost certainly slower than that
of the sea. This is signified by pollen, stratigraphic and
radiocarbon evidence from Newburn and Kippen. At the latter
site, carse clay began to be laid down almost at the end of
Via (Zone F.V. 3) at about 8,270 + 160 B.P. This date is
slightly older than that of 8,010 + 150 B.P. from the upper
peat/carse clay contact at Newburn, which is of Zone F.V. 4
age. The initial accumulation of carse clay at this site,
however, began earlier than c. 8,000 B.P. as indicated by
carse clays below the dated peat. Although the base of the
carse clay layer was not reached, it is probasble that the
initial deposition of carse clay at Newburn began shortly
after identical mineral deposits began to be laid down at
Kippen, as the radiocarbon dates from these sites are
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relatively close.

It is also probable that local factors influenced the
deposition of cerse clays at Dollhouse Site 1, situated at
the head of an embayment in the eastern extremity of the
research area. At this site, however, the early rise of
the mein Post-glacial transgression is not expressed by the
replacement of peat by carse clays as at other sites inves-
tigated. Instead, the lower stratigraphy consists of a
layer of coarse sand and gravel overlsin by carse clays.

The boundary between these two layers has been radiocsrbon
dated at 7,800 + 125 B.P. and reflects a change in sedimen-
tation conditions which, according to pollen evidence, took
place in the Late-Boreal, probasbly during Zones F.V.4/
P.V.5 (V1b/Vlic). Doubtless this change of sedimentation
was connected with the rise of the main Post-glacisl sea

in the western Forth valley from Zone F.V.% to the early
part of Zone F.V.6.

From the stratigraphic evidence under consideration
it is not clear which minerogenic layer represents the initial
rise of the main Post-glacial transgression at Dollhouse Site
Il It is almost certain that the sands and graevels were
deposited at this site by river action as explained earlier
(4.vii.pp.111-121). For this material to have been trans-
ported from inland sources river flow at Dollhouse Site 1
must have increased. This mesy have resulted in part from
raised water tables in response to the rising sea, and partly
from increasing surface run-off resulting from increasing
regional precipitation; the latter being reflected
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by the development of rsised bogs in the western Forth
valley during the Late-Boreal.

In addition, marine and climstic influences described
above could have been associated with occasional river
floods which led to the deposition of sands and gravels in
the sea. A major flood, at sbout the Late-Boreal/Atlantic
transition, resulted in the accumulstion of a thick band of
sands and gravels (the masin gravel layer) in the sea at the
Dollhouse sites. Consequently, the level of this gravel
layer was probably raised above sea-level until the ses
subsequently rose and began to cover this material with
carse clay, as explained in a previous section (4.vii. p.120).
It is probable, therefore, that the lower sands and gravels
beneath the main gravel layer at Dollhouse Site 1, were
similarly discharged into the sea by a river flood (thereby
preventing deposition of carse clays) and built up above
sea-level. Then after about 7,800 B.P. the ses rose and
carse clays began to accumulate over this gravel bed.

As the lower and main gravel layers at Dollhouse Site
1 were, at sepsrate times, above sea-level, it might be
expected that peat would accumulate upon them, comparable
to the development of organic material over similsr sands
and gravels at Dollhouse Site 2 and Easter liye. That this
was not the case at Dollhouse Site 1 may relate in part to
the sands and gravels, subject to free drainage, being
unsuitable for peat development, and partly to possible
continuous deposition of the former deposits, followed by
the asccumulation upon them of carse clays, thereby preventing
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plant growth and the formation of peat. At Dollhouse

Site 2, however, the deposition of sands and gravels (the
main gravel layer) was not immediately followed by that of
carse clays; instead, the former material was replaced by
river-borne silts end sands and then by peat. The absence
of comparable deposits over the main gravel layer at
Dollhouse Site 1 indicates that the main gravel bed at
Dollhouse Site 2 was possibly above sea-level for a longer
period of time than that at the former location; or that
the silts and sands at Dollhouse Site 2 produced moisture-
retentive soils favourable for plant growth and the form-
ation of peat until sea-level rose and began to cover this
organic material with carse clays. At Easter Mye a different
situation existed in that the sands and gravels at this
location are part of the Menteith moraine. Thus there was
a considerable time for vegetation to become established and
for peat to develop at this site.

The deposition of the lower sands and gravels into the
sea at Dollhouse Site 1 and their build up above sea-level,
may account for the initial accumulation of carse clays at
this site being later than et most other sites investigsted.
Furthermore, as the sands and gravels were laid down during
a river flood connected with the rising sea, it seems possible
that the base of the lower gravel layer at Dollhouse Site 1
msy reflect the early rise of the main Post-glacial trans-
gression at this location,

The influence of local variations in site conditions
appears to have been more important than that of isostatic
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readjustment upon the early rise of the main Post-glacial
marine transgression in the western Forth valley, as discussed
above. However, this is not apparent from the data in the
height/distence diagram (Fig. 30) which indicate a thinning
out of the carse clays in a westerly direction, pasrticularly
within the lMenteith moraine, implying that land uplift
steadily increased westwsrds as carse clays were laid down
in the upper Forth valley. This implicetion is misleading
as only two sites, Easter Mye and Woodend Farm Site 2, are
situated close to the Main Post-glacisl Shoreline west of
the moraine. Furthermore, the advance of the main Post-
glacial sea into the western Forth valley took place within
a.relatively short period of time and was not significantly
retarded by land uplift, as explained above.

There are also apparent differences in the thickness of
the carse clay at sites siftuated outside the Menteith
moraine, but these differences are also probably unrepresent-
ative as firstly, not all of the sites in Fig. 30 are
situated on the carse clay shoreline; secondly, the carse
clay also slopes and increases in thickness towards the
centre of the Forth valley; thirdly, the sites are isolated
points upon the carse; fourthly, the altitude of the carse
clay base at some locations may hsve been influenced by
local factors such as compaction of peat by overlying carse
clay or the presence of streams, particularly at sites
situated in embayments. In view of these possibilities,
more height measurements of the base of the carse clay are

required before mesningful comments about possible differences
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in thickness of the carse clay can be made.

In conclusion, the investigation into the possible
influence of isostatic readjustment upon the advance of the
main Post-glacial sea into the western Forth valley has
shown that the effect of land uplift upon the early rise
of this transgression was probably insignificant. On the
other hand local varisbles, relsted to differences in site
conditions and location, were probably more important
factors which influenced this transgression, resulting in
the deposition of carse clays at some sites at different
times. In addition, this study has focussed attention
upon some of these local variables and the difficulties
they present in attempting to correlate isolated fragments
of the Main Post-glacial Shoreline. Similar detailed
investigations in other coastal areas may reveal comparable
or additional complications. However, comparisons between
eustatic and isostatic movements in the Forth valley and
those in other areas must be approached with caution, as
fluctuations of sea and land in other regions may also
relate to local factors different from those in the research
area. Nevertheless, it is hoped that the dats presented in
this thesis may be of use as a basis for further research
into problems related to changes of Post-glacial sea and

land levels, particularly in the Forth valley.
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PART 6.

Summary of Discussion.



sSummary of Discussion.

Organic and minerogenic material from the sites
investigated are divisible into biostratigraphic units,
each being distinguished by characteristic pollen
assemblages. Eight of these are recognised in the type
diagram from Woodend Farm Site 2 and reflect stages of
Post-glacial vegetational development equivalent to those
interpreted from pollen diagrams, zoned according to the
English zonation, from other sites in the western Forth
valley.

The earliest pollen zone in the type diagram, Zone
F.V. 1, relates to the Pre-Boreal, when immature soils
and probsably sub-arctic climatic conditions existed in the
central Scottish lowlands. At this time the flora was
predominantly herbaceous and included pioneer scrub species
of Betula and Salix. These texa declined during Zone
F.V;E, the early Boreal, as Corylus and Ulmus migrated into
the area in response to maturing soils and climatic
amelioration. At the beginning of Zone F.V. % hazel
attained its maximum extension snd Quercus began to migrate
into the region; the latter species steadily increased in
frequency throughout this zone whereas hazel declined.
Pinus may have been present locally, but in general this
species was poorly represented in the Forth valley during
the Post-glacial. In Zone F.V. 4 mixed broad-leaf
deciduous woodland continued to expand, the representation
of oak exceeding that of elm, and Alnus begsn to immigrate
into the research area. A feature of Zone F.V. 5 is the
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consistent spread of slder, perticularly where this

plant was colonising ill-drained carse clays. There
seems little doubt that the expansion of Alnus was also
favoured by increases in regionasl precipitastion and
temperatures, the former being reflected by the growth of
raised bogs in the upper Forth valley. Zone F.V. 6, the
Atlantic period, was the time of the climatic optimum when
rainfell increased and mean summer tempersatures rose 2%
higher than at present. Under these conditions Alnus
quickly attained its maximum expansion, particularly on
poorly drained lowland. On higher and well drained lend,
however, mixed brosd-leaf deciduous forests reached their
maximal development. The wet climate and the presence of
extensive surfaces of level relief floored by moisture-
retentive clays favoured the development of raised bogs
during this zone. Zone F.V, 7, the Sub-Boreal, is
characterised by the elm decline, which began c¢. 5,000 B.P.
and a revival of Betula. The recession of Ulmus wss
probably in part associated with the beginning of forest
destruction by early farming communities who derived their
livelihood from pastoral agriculture, end partly by the
extension of raised bogs, acid soils and soil leaching;
conditions which favoured the expansion of birch. Zone
F.V. 8, the Sub-Atlantic, is marked by the further devel-
opment of raised mosses and the acidification and leaching
of soils in response to climaetic deterioration. These
factors snd the intensification of farming practices
resulted in the continued destruction of forest trees,
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except birch which steadily expanded during this zone.

Radiocarbon dates from the type site are unavailable
at present. However, dates from other Post-glacial sites
in the western Forth velley fall within dated pollen zones
at Scaleby Moss in northern England, suggesting that Forth
valley pollen assemblage zones mey be synchronous (or
approximetely synchronous) with those at Scaleby. Hence
zonal divisions st the latter locetion may be useful as a
temporary chronological index for dating Forth valley
pollen zones until these are radiocarbon dsted.

Broad trends of Post-glacial forest history reflected
in the type disgram are divisible into three chronozones.
The earliest of these cover the immigration of trees into
the region during Zones F.V. 1 - 5; the second relates to
the meximum development of mixed broasd-leaf deciduous
forests and the growth of raised bogs during the climatic
optimum in Zone F.V, ©6; the third covers the period of
probable human influence upon woodland destruction in Zones
BN 7 snd F.VL &, The main use of these chronozonsl
divisions may well be to provide a broad chronological
framework of major Post-glacial vegetational events in the
upper Forth valley by which other pollen diagrams from this
area can be compared and assessed.

Factors such as pollen selectivity by moving water,
especially sea currents, and reworked pollens from older
deposits upon pollen spectra from the Main Buried Beach and
carse clays are considered unimportent, as pollen frequencies
from these minerogenic layers asre comparable to those from
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organic deposits at the type site and at other locations
which were not subjected to marine influence. Thus pollen
counts from marine deposits of Zone II age (the Late-glacisal
Interstadial) are considered to be representative of
vegetational conditions et this time. Theyindicate the
existence of an essentially herbaceous floras similar to that
interpreted from pollen spectra from terrestrial material of
equivalent age at other Scottish sites.

Changes in relative levels of land and sea in the ares
during the Post-glacisl gave rise to varistions in soil
conditions. These were associated with changes in plant
assemblages which can be reconstructed from pollen and
stetistical data. Falling sea-levels produced local
vegetational successions from halophytic species character-
istic of saltmarshes to freshwater marsh and swemp or raised
moss communities; this sequence was followed by retrogression
as the level of the sea rose again.

As these changes took place the land was isostatically
readjusting from glaecial unloading; the amount of isostatic
recovery incressing westwards in the Forth vslley. A
major objective of this thesis was to attempt to determine
whether the rising land retarded the advance of the ses,
particularly the esrly rise of the main Post-glacial marine
transgression, into the western Forth valley. Pollen
evidence indicates that during the formation of the Msin
Buried Beach in Zone F.V. 1 the sea rose more quickly than
the land and reached the western mergin of the Forth valley
by the end of this zone. Likewise, the early rise of the
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main Post-glacial sea was relatively rgpid in relation to
the lend, pollen date indiceting that the sea rose in

Zone F.V. 3 and was at the westernmost part of the Forth
valley at the beginning of Zone F.V. 4. However, the sea
reached some sites at later times because of probasble local
variations in site conditions. These include the develop-
ment of peat and deposition of river-borne minerogenic
deposits above sea-level; the accumulation of carse clays
and possibly fine stresm transported sediments above the
sea snd the development upon them of peat until the sea
subsequently rose and covered these deposits with carse
clays.

These local variables focus attention on some of the
difficulties of attempting to correlate isolated fragments
of relict marine festures in the western Forth valley, but
it is hoped that the data presented in this thesis may be
of use as a basis for further research into problems
relating to Post-glacial land and sea-level changes,
particularly in the central Scottish lowlands.

A correlstion table (Fig. 31) showing the main
charscteristics and chronology of vegetation, climate, soils
and relative changes in the levels of land and sea in the
western Forth valley during the Late - and Post-glacial

periods, as described above, is presented below.
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FIG 31. CORRELATION TABLE SHOWING THE CHRONOLOGY OF THE MAIN EVENTS IN THE WESTERN FORTH VALLEY DURING THE LATE-AND POST-
GLACIAL PERIODS. (A provisional tatie)
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The Loch Lomond Readvance moraines of Mull and Menteith

J- M. Gray and C. L. BROOKS
Department of Geography, University of Edinburgh

SYNOPSIS

A radiocarbon date of 11 330£=170 s.p. for shells from the Kinlochspelve
Moraine on the Isle of Mull indicates that a readvance of ice took place there
during Zone III. The ice apparently scooped up marine deposits laid down
during the preceding Zone II (Allersd) climatic amelioration.

Analysis of pollen from clays in both the Kinlochspelve and Menteith moraines
substantiates this opinion and together with radiocarbon dates and geomorpho-
logical evidence enables correlation of both moraines with the Loch Lomond
Readvance. On Mull the mapping of moraines and thick drift deposits indicates
that an ice cap and several separate glaciers existed on the island at this time.

INTRODUCTION

In the Geological Survey memoir for Mull (Bailey et al. 1924) a local valley
glaciation on the island was described and correlated with the *Valley’ or
‘ Moraine Glaciation’ of the West Highlands. Similarly Charlesworth (1955)
described the former valley glaciers of Mull and correlated this stage with the
‘ Moraine Glaciation ’, his Stage M. With this stage he also correlated the lobes
at Menteith and Loch Lomond previously mapped and described by Simpson
(1933). From pollen studies inside and outside the limit of this readvance in the
Oban and Menteith areas, Donner (1957) inferred that it took place during the
Zone 111 cold phase* or between about 10 800 and 10 300 5.».

Synge (1966) suggested that Charlesworth’s Stage M actually consists of two
readvances in the vicinity of Oban. The earlier one was said to be represented
by the Oban-Ford Moraine south of Oban. The younger one, at Loch Etive
and Loch Creran north of Oban and represented by the Connel Moraine, was
believed to have taken place during Zone III.  Synge, however, could find no
representative of this younger stage on Mull, believing that the ice had retreated
into the corries by this time; and instead he correlated the ice-limits of the Mull
valley glaciation with his Oban-Ford Moraine. Similar views were expressed in
a later paper (Synge and Stephens 1966).

Sissons (1967a, 1967b) correlated the valley glaciation of Mull and the ice-
limits at Loch Etive and Loch Creran, with Simpson’s (1933) Loch Lomond

* For brevity the terms Zone I, Zone II etc. are used in a chronological sense though it is realized
that strictly these are not time correlatives.

95 Scott. J. Geol. 8 (2), 95-103, 1972.
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Readvance at Menteith and Loch Lomond. Radiocarbon dating at the latter sites
has confirmed Donner’s (1957) Zone III dating (Sissons 1967a), and at Loch
Creran has enabled the readvance there to be correlated with the Loch Lomond
Readvance (Peacock 1971).

THE MENTEITH MORAINE

Extending for 20 km (12 miles) in an arcuate loop from 10 km (6 miles) west
of Buchlyvie to Port of Menteith, the Menteith Moraine complex encloses the
western part of the Forth lowlands. On the lower ground it is largely composed
of ridges and mounds of sand and gravel and areas of glacier-transported marine
clay and shells. Simpson (1933) described a section in the moraine on the banks
of the Lake of Menteith where 3 m (10 ft) of dark grey clay containing fragments
of Mytilus edulis is overlain by about 9 m (30 ft) of sand and gravel. Radiocarbon
dating of shells from this section has yielded a date of 11 800 170 B.». and shells
from a sand pit at Drymen in the Loch Lomond Moraine complex were dated
as 11700+ 170 B.p. (Sissons, 1967a). It has therefore been concluded that the
sea had access to Loch Lomond and the western part of the Forth lowlands during
Zone II (Allersd Interstadial) and that subsequently the glaciers advanced across
the marine clay and shells and redeposited them during Zone III.

The molluscan fauna collections from Menteith and Drymen have been
identified recently from photographs taken before the shells were radiocarbon
dated. The shells are listed approximately in order of decreasing abundance as
far as this can be established from the photographs.

Menteith [NN 589000] Drymen [NS 483880]

Mpytilus edulis L. Aprctica islandica (L.)

Nuculana pernula (Miiller) Tridonta tmontagui (Dillwyn)
Littorina littorea (L.) Trophonopsis clathratus (L.)
Littorina littoralis (L.) Tridonta elliptica (Brown)
Buccinum undatum L. Littorina littorea (L.)

Chlamys sp. Littorina littoralis (L.)

Macoma sp. Tridonta borealis? (Schumacher)

Nucella lapillus (L.)

Chlamys islandica (Miiller)

Lunatia pallida? (Broderip and Sowerby)
Macoma calcarea? (Gmelin)

Although the number of species collected from Menteith is small, both
assemblages indicate that sea temperatures were lower during Zone II than they
are today. The fauna from both moraines can be described as constituting boreal
to sub-arctic assemblages.
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FIG. 1. The moraines, thick drift deposits and ice-limits of Mull. 1. Hummocky moraines. 2. Fluted
moraines. 3. Deeply gullied drift. 4. Drift plastered rock. 5. OQutwash. 6. Kames, kettle holes
and eskers. 7. Terminal moraines. 8. Upper limit of thick drift where this is clearly defined.
9. Upper limit of thick drift where this is not clearly defined. The inset map shows the position
of Mull (shaded) and Menteith (M).

TrE KINLOCHSPELVE MORAINE

At the head of Loch Spelve on castern Mull (Fig. 1) there is a group of mor-
ainic ridges here collectively termed the Kinlochspelve Moraine. These ridges
clearly represent the terminal point of a readvance of ice along Loch Spelve from
the north-cast and were interpreted as such by previous writers (Bailey ef al. 1924;
Synge 1966; Synge and Stephens 1966). Evidence of a readvance is observable
in a section in the moraine [NM 656259] near Kinlochspelve Farm which shows
grey and orange varved clay with cross-bedded sand above, both truncated by
overlying sand and gravel. This depositional succession in this location indicates
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ice readvance into an ice dammed lake or sea loch reduced in salinity by melt-
water.

Most of the material constituting the morainic ridges is a blue-grey or brown-
grey clay with stones. Shell material was observed in the moraine at only two
sections near Kinlochspelve Farm. The shell fragments are fairly abundant in
certain layers, though often they are weathered and crumble easily, while other
parts of the clay are barren. Contrasting with the poorly preserved fragments,
however, are the occasional, almost unweathered lamellibranchs with valves still
joined at the ligament, a characteristic particularly noted in the species Nuculana
pernula and Tridonta elliptica. The clay is usually homogencous, but thin sand
lenses occur locally and these contain concentrations of small, washed, shell
fragments.

A collection of about 180 g of the better preserved shell fragments was made
from a small pit dug on the west side of the track leading to Kinlochspelve Farm,
where it crosses the eastern end of a large morainic ridge, at about 25 m (82 ft)
O.D. [NM 656261]. The scarcity of unweathered shells is demonstrated by the
fact that about 60 hours were required to collect this weight. The molluscan
fauna is listed approximately in order of decreasing abundance, the last cight
species being rare:

Tridonta elliptica (Brown)

Tridonta montagui (Dillwyn)

Arctica islandica (L.)

Nuculana pernula (Miiller)

Portlandia (Yoldiella) phillipiana (Nyst)
Mya truncata (L.)

Littorina littoralis (L.)

Acanthocardium sp.

Trophonopsis clathratus (L.)

Buccinum undatum L.

Littorina saxatilus (Olivi)

Littorina littorea (L.)

Tellinacea

Arenomya arenaria? (L.)

Lunatia pallida? (Broderip and Sowerby)
Trochidae

This list, though longer than that contained in Bailey ef al. (1924), is similar
to it and confirms that the molluscan fauna contained in the Kinlochspelve
Moraine constitutes a marine assemblage of boreal to sub-arctic character. The
fauna bears a marked resemblance to the Menteith and Drymen assemblages,
especially to the latter, no significant temperature differences being indicated.

A radiocarbon date of 11 330 £ 170 B.p. (I-5308) has been obtained for the
Kinlochspelve shell sample. Although this date is slightly younger than those
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from Menteith and Drymen, it still falls within the Allerdd climatic amelioration.
The situation at Loch Spelve thus appears to be similar to that at Menteith and
Loch Lomond. During Zone II the sea had access to Loch Spelve, but ice later
advanced over the marine clays and shells, redepositing them at the Kinlochspelve
Moraine during the Zone III cold phase.

THE LAST GLACIATION OF MULL

Fig. 1 shows the moraines, thick drift deposits and ice-limits of Mull. The
mapping was done on Ordnance Survey 1:63 360 maps from 1:10 560 aerial
photographs and most of the area, except the high corries, was checked in the
field. In addition the coastal ice-limits were mapped at the 1:10 560 scale.

Usually it is possible to delimit the vertical extent of the thick glacial deposits
in each valley as the upper limit of deeply gullied drift or drift plastered rock, but
places where the mapping of this limit is less certain are shown by a broken line
on Fig. 1.

The valleys of Mull contain a well developed system of hummocky moraines.
The moraines are particularly clear in the valley draining northwards from Loch
Fuaron into Glen More, locally termed * the valley of the hundred hills °, though
in fact several hundred of these mounds exist in this area. At the point where
this valley joins Glen More there is evidence of lineation of the hummocks, but
this phenomenon is best developed on the spur north-west of Sgurr Dearg. In
this area the convergent nature of the lineations indicates convergent glaciers
(PL 1). Linear drift accumulations are present elsewhere in the valleys of central
Mull and are particularly common in the corries. Elsewhere in the west High-
lands drift lineations have been described by Peacock (1967) and Sissons (1967b),
the latter referring to them as fluted moraines.

The Kinlochspelve Moraine is a terminal feature of the Mull valley glaciation,
and other important ice-limits include the Loch Don Sand Moraine and the
outwash spreads at Glen Forsa and Loch Ba. Fig. 1, which compares well with
the map published in the Mull memoir (Bailey ef al. 1924, fig. 64) showing the
morainic drift on part of Mull, is considered to indicate the approximate extent
of the last glaciation of Mull. The Kinlochspelve date indicates that this glaciation
took place during Zone III and is the Mull equivalent of the Loch Lomond Re-
advance, despite Synge’s (1966) statement that such a correlation cannot be
upheld. It appears that a small ice cap existed on Mull at this time, Sgurr Dearg,
Beinn Talaidh and Beinn na Duatharach protruding as nunataks. Separate corrie
glaciers existed in the vicinity of Ben More and in Glen Byre and Glen Libidil,
while two major valley glaciers were present on the Sound of Mull coastline. In
the cast of the island confluent glaciers occupied the Loch Spelve and Loch Don
basin. During this readvance glaciers were apparently able to form as low as
200 m (650 ft) O.D. and in many cases the glaciers descended to sea level.
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POLLEN ANALYSIS

Samples of glacier-transported shelly marine clay were obtained from the
Kinlochspelve Moraine [NM 656261] and the Menteith Moraine [NN 589000].
The samples, each weighing 2 g, were deflocculated with 109, KOH and siliceous
matter was removed by 40% HF, as described by Faegri and Iversen (1964).
Slides were made by mounting the samples in safranin-stained glycerine jelly. A
total of 300 pollen grains and spores, excluding derived pre-Quaternary spores,
were counted from each sample. The table below compares the pollen and spores
from the two sites.

Kinlochspelve ~ Menteith

Alnus 3 1
Betula nana 14 10
Betula 4 22
Pinus 23 42
Salix 3 3
Juniperus 3 1
Armeria 1 1
Caryophyllaccae 12 13
Chenopodiaceae 2 5
Compositae 1 1
Cyperaceae 12 5
Dryas octopetala 3 1
Epilobium g
Empetrum 20 12
Ericaceae 14 27
Filipendula 47 29
Galium 2

Gramineae 51 61
Helianthemumn 15 11
Hippophaé rhamnoides il
Plantago maritima 1 1
Ranunculus 11 8
Rumex 1 1
Succisa 1 1
Thalictrum alpinum 4 8
Tilia cordata 1
Umbelliferae 4 3
Urtica 10 7
Myriophyllum alterniflorum 1 5
M. spicatum 1

Nymphaeaceae 1
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Kinlochspelve ~ Menteith

Potamogeton 1 1
Filicales 7 3
Lycopodium clavatum 2 1
L. selago 11 8
Polypodium vulgare 1
Selaginella selaginoides 10 2
Sphagnum 3 3
Total count 300 300
Derived pre-Quaternary spores 71 1525
Arboreal percentage of total count 17 26
Non-arboreal percentage of total count 83 74

The very low arboreal pollen percentages do not include pollen of warmth
demanding trees such as oak and elm. Of the pollen present, Betula nana (tenta-
tively identified by pore characteristics), Salix and Juniperus are commonly found
in Late-glacial deposits. Some of the Betula and Pinus pollen in these glacier-
transported marine deposits are likely to be of secondary origin and both are
known to be subject to long distance wind transport. The presence of small
numbers of Alnus and Tilia pollen may be the result of sample contamination.
The major components of the non-arboreal pollen, particularly Gramineae and
Cyperaceace, together with Caryophyllaceae, Dryas, Empetrum, Filipendula, Heli-
anthemum, Ranunculus, Thalictrum, Lycopodium clavatum, L. selago and Selaginella
belong to plants of open habitat. The high totals of these non-arboreal pollen
and spores compared with those of the arboreal pollen are indicative of open and
relatively treeless vegetation which suggests a Late-glacial age for the deposits.

The pollen assemblages in the table, although from isolated samples, favour
an interpretation of a Zone Il age. That from the Menteith Moraine is compar-
able with the Zone II pollen assemblages recorded by Vasari and Vasari (1968)
from a site only 15 km away. A Zone II age for the deposits at both Menteith
and Kinlochspelve is indicated by the radiocarbon dates of shells from these sites.

No pollen investigations of morainic material in Britain have been published
with which the pollen results from Kinlochspelve and Menteith can be compared.
The pollen and spore assemblages are comparable however, to those found in
other Zone II pollen sites in Scotland by Donner (1957, 1958), Moar (1969) and
Newey (1970). The arboreal pollen content from these sites varies between 10
and 309, of the pollen totals and consists of Betula, Pinus, Salix and Juniperus.
The dominant components of the non-arboreal pollen are mainly Gramineae and
Cyperaceae together with pollen of taxa which are found in present-day open
habitats. The low arboreal pollen content from these sites is interpreted as indi-
cating open vegetation. Vegetation of this type has been described by Moar

B
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(1969) from a Zone II deposit, dated by radiocarbon at 11 580+ 180 B.p. and
11 820 + 180 B.r. (Godwin and Willis 1964).

The presence of marine shells in the Kinlochspelve and Menteith deposits
indicates that both localities were influenced by a marine incursion during Zone II.
Pollen of Armeria, Caryophyllaceac, Chenopodiaceae, Hippophaé and Plantago
maritima found in the samples may represent the influence of marine conditions
on the vegetation at these sites, as these taxa are found in coastal situations today
(Tansley 1949). On the other hand these plants are also found today in open
habitats; hence their pollen in the deposits could have been derived from similar
environments in Late-glacial times.

Virtually all of the derived pre-Quaternary spores found in the Menteith
sample were of the Lepidostrobus Jacksoni and L. Oldhamius types described by
Knox (1938) from the Productive Coal Measures of the Fife Coalfield. Since the
ice that deposited the Menteith Moraine came from the west, most or all of these
spores were probably derived from the Carboniferous outcrops farther east in the
Forth Valley and redeposited by the Allerdd sea.

The total number of derived pre-Quaternary spores found in the Kinloch-
~ spelve sample is much smaller than in the Menteith sample. The two Carboni-
ferous spore types found abundantly in the latter could not be identified in the
sample from Mull and it is suspected that the spores from the Mull site have been
derived largely or entirely from adjacent Mesozoic outcrops.

CONCLUSIONS

The radiocarbon date, pollen analyses and geomorphological evidence pre-
sented in this paper indicate that the Kinlochspelve Moraine, like the Menteith
and Loch Lomond Moraine complexes, was deposited by a readvance of ice
during Zone III. A small ice cap and several separate valley glaciers existed on
Mull at this time, and the readvance is confirmed to be the Mull equivalent of the
Loch Lomond Readvance at Menteith, Loch Lomond and Loch Creran.

The ice-limit correlations of Charlesworth (1955) and Sissons (1967a, 1967b)
are, therefore, upheld with certain modifications, but those of Synge (1966) and
Synge and Stephens (1966) are not.

The Kinlochspelve date is the first relating to glacial limits to be obtained for
the Western Isles of Scotland. It is possible that a glacial readvance on Skye,
Rhum, Jura, Islay, Arran and Harris can also be correlated with the Loch Lomond
Readvance but detailed evidence is not available for these islands.
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PLATE 1. Convergent drift lineations on the north-west spur of Sgurr Dearg, Isle of Mull. Conver-
gent glaciers moved towards the lower right from the valley of the Abhainn an t-Sratha Bhainn
(lower left) and Glen Forsa (upper right). Between the dark area of outcropping rock on Sgurr
Dearg (upper left) and Glen Forsa the fluted moraine consists of lineated hummocky moraines
rather than the continuous morainic ridges of the central part of the photograph. The area
shown is about 2:2 x1-7 km. Ministry of Defence (Air Force Department) photograph, Crown
Copyright Reserved.
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paper. Dr Shelagh M. Smith very kindly identified all the listed shells. The
cost of the radiocarbon date was met out of a grant from the Carnegic Trust.
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AssTRACT. Pollen diagrams of the Main Buried Beach and associated deposits at two sites in the western part of the
Forth valley are discussed and compared with pollen evidence from similar deposits at two other sites in the same
area. At three of these sites the buried beach deposits ceased to accumulate at the end of Zone IV while at the fourth
site it is very probable that the beach ceased to form at this time. Pollen analysis thus supports the geomorphological
evidence indicating that the dislocated and variably uplifted Main Buried Shoreline is an essentially synchronous
feature.

IN the western part of the Forth valley in central Scotland there are extensive deposits of
estuarine silts and clays which form wide tracts of almost level land known as carse. Beneath
a considerable part of these deposits is a layer of peat of variable thickness. The peat usually
rests on gently sloping marine surfaces referred to as the High, Main and Low Buried
Beaches, which were formed at the close of Late-glacial and in early Post-glacial times (]. B.
Sissons, 1966).

The objects of this investigation were to study vegetational changes during changes of
sea level, to determine the approximate time of these changes and to compare results with
other pollen studies related to the Main Buried Beach deposits in the Forth valley west of
Stirling. A particular object was to determine by pollen analysis whether the feature de-
scribed in the preceding paper by Sissons in this volume (pages 145-59) as the Main Buried
Beach is an approximately synchronous feature or whether it is, in fact, composed of beaches
of different ages. Since palynological studies related to the Main Buried Beach had already
been made at two sites in the Forth valley, respectively 16 and 22 km west of Stirling (S. E.
Durno, 1956; W. W. Newey, 1966), this investigation was concerned with sites nearer
Stirling, these being located on either side of the pronounced dislocation in the Main
Buried Shoreline.

Radiocarbon dating of the peat was not attempted since, with the equipment available,
sufficiently large samples could have been obtained only by putting down numerous closely
spaced bores and the risk of contamination was therefore high. It should be added that the
buried peat that rests on the Main Buried Beach is nowhere exposed in the area investigated.

At Bield (Grid Reference NS 696947), situated 10 km west of Stirling, the buried beach
surface is at g-o4 m O.D., while at The Homesteads (NS 778932), located 2 km west of
Stirling, it is at 7-44 m O.D. At each site samples were taken at intervals of 5 cm from the
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top of the buried beach deposits, from the overlying peat and from the base of the carse
deposits. Samples 10 cm apart were analysed initially for pollen, intervening 5 cm samples
being analysed later where more information was required. Samples were obtained using a
Hiller borer with a 50 cm chamber. The sites were located close to the southern margin of
the carse within 10 m of the southern edge of the Main Buried Beach deposits at points
where the buried peat layer was known to be well developed. The surface heights at the
two sites were levelled from Ordnance Survey bench marks.

In the laboratory pollen was extracted from peat by boiling 1 g of the sample in 10
per cent KOH followed by acetolysis. Mineral matter when present was removed by boiling
the sample in HF acid, as described by K. Faegri and J. Iversen (1964). Slides were pre-
pared by mounting treated samples in safranin-stained glycerine jelly. The arboreal and
non-arboreal pollen diagrams were constructed on a basis of 150 arboreal pollen grains,
except at 420 cm in The Homesteads diagrams, where the percentages are based on a
count of 100 arboreal pollen grains.

The zonal division of the diagrams follows the system used by H. Godwin (1956).
Scottish pollen diagrams, particularly those of upland or northerly areas, do not consistently
show the same trends of vegetational development as those of parts of England. Thus J. J.
Donner (1957, 1962) in his diagrams of Highland sites does not differentiate between Zones
Vand VI, and N. T. Moar (1969) in work in south-west Scotland uses an independent sys-
tem of sub-division, based upon changes indicated in that locality. In this paper, however,
which refers to lowland sites in central Scotland, the pollen assemblages accord with those
shown by Godwin as characteristic of each zone and his criteria of division and sub-division
are indicated in the diagrams.

THE HOMESTEADS SITE

The samples from the buried beach deposits at this site contained abundant remains of
Phragmites communis and Carex spp., which were replaced in the peat by Sphagnum leaves.
Some Phragmites and Carex plant remains were observed in the sample at 390 cm, above
which Sphagnum became dominant. From 375 to 365 cm the Sphagnum samples contained
much silt and at about 360 cm Phragmites and Carex reappeared. Above 360 cm to about
340 cm Sphagnum remains were abundant. The basal carse clay samples, from 330 to 320
cm contained abundant remains of Phragmites and Carex.

The pollen diagrams (Figs. 1 and 2) permit a general interpretation of the forest cover
of the locality and also of the vegetation that grew in the immediate vicinity of the site.
Samples from the buried beach deposits contained high frequencies of Gramineae and
Cyperaceae pollen which, together with pollen of Artemisia, Caryophyllaceae, Compositae,
Chenopodiaceae and Plantago maritima, are characteristic of saltmarsh vegetation (V. J.
Chapman, 1964). This pollen decreases in the basal peat from about 400 to 380 cm during
which relatively high frequencies of Gramineae and Carex pollen continue. From about
375 to 365 cm pollen of saltmarsh vegetation reappears accompanied by an increase in
Gramineae counts. Between these levels Sphagnum spores also increase and reach very high
values which continue to about 340 cm. In the carse deposits pollen assemblages indicative
of saltmarsh communities reappear together with high counts of Gramineae and, to a lesser
extent, Carex pollen.

An upward sequence of vegetational change is indicated by the changing values of the
non-arboreal pollen and spores at this site. It appears that saltmarsh vegetation developed
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FIGURE 1. Non-arboreal pollen diagram for The Homesteads site
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on the buried beach. The consequent diminution of marine influence and probable lack of
adequate surface drainage encouraged the growth of raised moss. Pollen characteristic of
saltmarsh occurs in this vegetation at 375 to 365 cm and may be the result of a temporary
marine incursion which redeposited this pollen in the moss. The Sphagnum moss continued
to flourish until the influence of the rising sea level of the main post-glacial transgression
caused a reversion to saltmarsh conditions as the carse deposits began to accumulate over
the peat.

A dating of Zone IV is indicated by the pollen spectra from the deposits of the top part
of the buried beach deposit. It is apparent that the deposit was formed prior to the period
of development of the warmth-demanding forest trees as their pollen is poorly represented
in this part of the diagram. The only arboreal pollen present in substantial frequencies is
that of Betula. Pollen of plants of open habitat such as Rumex, Galium and Helianthemum
together with pollen of plants characteristic of tundra conditions such as Dryas octopetela,
Empetrum, Thalictrum alpinum, Saxifraga and spores .of Lycopodiaceae and Selaginella
selaginoides are also well represented.

The transition from Zone IV to Zone V is indicated by substantial values of pollen
of Betula and a rise in that of Corylus, together with a diminution in the representation of
plants of open and mountain habitats. The passage to Zone VI is suggested by the increased
values of Ulmus and Quercus and very high Corylus representation.

At this site the arboreal pollen diagram shows substantial frequencies of Pinus pollen
occurring from 375 to 360 cm and from 340 to 320 cm. Although high Pinus frequencies are
characteristicof Zones V and VI, the evidence at these levels suggests that some of the pollen
may have been redeposited by the sea (Godwin, 1943 ; P. Brinkmann, 1934), as demonstrated
by the curves of derived Carboniferous spores.

THE BIELD SITE

Samples from 480 to 445 cm in the buried beach deposits contained remains of leaves and
stems of Phragmites and Carex which became very abundant from 440 to 436 cm. The same
macroscopic fragments were also seen in the peat layer from 436 to 400 cm and were also
found 1n the overlying carse deposits from 390 to 385 cm.

The buried beach deposits contained high counts of Cyperaceae and, to a lesser extent,
Gramineae which, together with pollen of Artemisia, Armeria, Caryophyllaceae, Composi-
tae, Chenopodiaceae and Plantago maritima, indicate the presence of saltmarsh vegetation
which grew on the beach in the vicinity of this site (Fig. 3). This pollen dies out in the
overlying peat layer in which counts of Gramineae and Cyperaceae remain relatively high,
suggesting that the diminution of marine conditions caused the saltmarsh to be replaced
by freshwater grass and sedge communities. In the carse deposits Gramineae frequencies
increase; this, together with small counts of Artemisia, Chenopodiaceae and Plantago
maritima, indicates the re-establishment of saltmarsh vegetation in response to rising sea
level.

The arboreal pollen frequencies (Fig. 4) indicate that the top of the buried beach
deposits at this site was formed in pollen Zone IV. Betula counts are relatively high with
low values of Corylus. Ulmus is represented by only one pollen grain while Quercus
pollen is not represented at all in this zone. Cool climatic conditions at this time are inferred
from the presence of Betula nana (identified by apparent pore characteristics), Empetrum,
Dryas and Thalictrum pollen and spores of Lycopodiaceae and Selaginella. These, together
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with the occurrence of Filipendula, Galium, Plantago major, Ranunculus and Rumex, indicate
the open character of the vegetation that characterizes this zone.

In Zone V the rise of Corylus and, to a lesser extent, Ulmus and Quercus, accompanied
by high increases in Filicales spores, imply a woodland advance in response to rising
temperature, in accord with which pollen and spores of plants of mountain habitats dis-
appear. In early Zone VI the expansion of Ulmus and Quercus pollen values continues and
Corylus pollen reaches very high values.

DISCUSSION

The pollen evidence shows that, at both Bield and The Homesteads, the top part of the
buried beach deposits accumulated in late Zone IV. Thus, despite the marked dislocation
between the two sites, it appears that both are on the same beach.

At East Flanders Moss, about 16 km west of Stirling, Durno (1956) has shown that the
basal part of the peat overlying the Main Buried Beach at about 10 m O.D. was formed
in Zone V. This site is located on an extensive tract of the buried beach some distance from
the shoreline.! Although the buried beach deposits were not analysed for pollen, it seems
very probable that the top of these deposits represents late Zone 1V, for Durno’s diagram
shows Zone V, which is a relatively short zone, to be represented by fully one metre of
peat. Carse deposits were not laid down at this site during the main post-glacial transgression
since the peat accumulated sufficiently rapidly to keep out the sea (Sissons and D. E. Smith,

1965).

m N72W S72°E
0D.

12 W. Flanders Moss 12
== L E.Flanders

10 I Bield 10+

The Homesteads 8
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5 0 15 20 25 Km
1 1 1 1 I

FIGURE 5. Location of pollen sites in relation to the Main Buried Shoreline

Newey’s (1966) pollen diagram from West Flanders Moss, about 22 km west of
Stirling, relates to a site about o-5 km from the shoreline of the Main Buried Beach where
the beach surface is at about 10 m O.D. His diagram shows that the Main Buried Beach
deposits ceased to accumulate here at the end of Zone IV. The overlying peat was formed
in Zones V and VIa and the carse mud began to accumulate at the site at the VIa/VIb
transition.

Thus, at sites spaced at fairly regular intervals over a 20 km distance in the Forth
valley west of Stirling, pollen analyses provide a consistent picture. At three of these sites,
saltmarsh conditions have been shown to have existed as the sea withdrew from the beach
and were followed by peat accumulation under freshwater conditions, saltmarsh later
developing again as the sites began to be inundated during the main post-glacial trans-
gression which resulted in the accumulation of the carse deposits. At these three sites the
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pollen evidence indicates that the buried beach deposits ceased to accumulate at the end of
Zone IV. At the fourth site (East Flanders Moss) pollen evidence is incomplete but it is
very probable that the beach ceased to form at this time.

The location of the four sites in relation to the Main Buried Shoreline is shown in
Figure 5. The sites investigated by Durno and Newey, situated on the surface of the
buried beach some distance from its shoreline, are marked at the appropriate shoreline
positions on the diagram. It will be noted that each site is on a different section of this dis-
located and variably uplifted shoreline. The conclusion from geomorphological evidence
that the shoreline is a single synchronous (or approximately synchronous) feature is thus
supported by the independent method of pollen analysis.
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NOTE

1. The National Grid Reference and the ground surface altitude of this site given by Durno (1956) are in-
correct.
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RESUME. Analyse de pollen et le principal rivage enfoui @ la partie occidentale de la vallée de la Forth. On discute les
diagrammes de pollen du principal rivage enfoui et les dépots associés & deux emplacements 4 la partie occidentale
de la vallée de la Forth et on les compare avec le témoignage de pollen des dépéts pareils 2 deux autres emplace-
ments dans la méme région. A trois de ces emplacements les dépots enfouis de la plage ont cessé d’accumuler 2 la fin
de Zone IV, tandis qu'au quatriéme emplacement il est trés probable qu’a cette époque la plage a cessé de former.
L’analyse de pollen ainsi soutient le témoignage géomorphique en indiquant le caractére essentiellement synchrone de
la dislocation et soulévement varié¢ du principal rivage enfoui.

FIG. 1. Diagramme de pollen non-arboricole de 'emplacement « The Homesteads »
FIG. 2. Diagramme de pollen arboricole de I'emplacement « The Homesteads »

FIG. 3. Diagramme de pollen non-arboricole de 'emplacement «Bield »

FIG. 4. Diagramme de pollen arboricole de I’emplacement «Bield »

FIG. 5. Situation des emplacements de pollen relativement au principal rivage enfoui
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ZUSAMMENFASSUNG. Pollenanalyse und der verdeckte Hauptstrand im westlichen Teil des Forthtals. Pollendiagramme des
verdeckten Hauptstrandes und damit verbundene Ablagerungen in zwei Bereichen im westlichen Teil des Forthtals
werden diskutiert und verglichen mit Pollenbeweismaterial aus ihnlichen Ablagerungen in zwei anderen Bereichen in
derselben Gegend. Auf drei dieser Stellen hirten die begrabenen Strandablagerungen am Ende der Zone IV auf sich
anzuhiiufen, wihrend es sehr wahrscheinlich ist, dass in dem vierten Bereich der Strand sich zu dieser Zeit nicht
mehr formte. Pollenanalyse unterstiitzt also das geomorphische Beweismaterial, dass anzeigt, dass die verstellte und
unterschiedlich erhobene verdeckte Hauptstrandlinie ein wesentlich synchrones Charakteristikum ist.

ABB.
ABB.
ABB.
ABB.
ABB.

1. Nicht baumartiges Pollendiagramm fiir den Bereich der ,Homesteads*
2. Baumartiges Pollendiagramm fir den Bereich der ,Homesteads

3. Nicht baumartiges Pollendiagramm auf dem ,Bield* platz

4. Baumartiges Pollendiagramm auf dem ,Bield* platz

5. Stellen von Pollenlagen in Bezug auf die verdeckte Hauptstrandlinie




Dating of Early Postglacial Land and
Sea Level Changes in the Western

Forth Valley

J. B. SISSONS & C. L. BROOKS

Department of Geography, University of Edinburgh, High School Yards, Edinburgh EH1 INR

Radiocarbon dates, pollen analysis and
morphological and stratigraphic evi-
dence relating principally to a small
area in the western part of the Forth
valley (central Scotland) enable a graph
of relative sea level changes and hence
land uplift to be drawn for that area.

Most of the radiocarbon dates, pollen analysis and morpho-
logical and stratigraphic evidence used in this communication
relate to an area 16 to 23 km west of Stirling. The chief
morphological feature is the large expanse of almost flat
ground representing raised mud flats, known in Scotland as
“carse”. The termination of the carse against surrounding
higher ground is the Main Postglacial Shoreline, which marks
the limit of the principal postglacial marine transgression.
Over considerable areas the carse is covered by thick peat.

The Menteith moraine, a complex arcuate feature 20 km
long, encloses the western part of the carse (Fig. 1). Pollen
analysis' and radiocarbon dating® show that the moraine was
formed in pollen zone III.

Beneath the carse clay are three buried raised beaches, each
of which is partly or almost entirely covered by a buried peat
layer. These features, referred to as the High, Main and Low
buried beaches, are distinguished from each other particularly
on the basis of altitude and composition. Their distribution
in the Forth valley is known in considerable detail from about
2,000 bores put down to investigate them®-°. The borehole
information is especially detailed for the ground on either side
of the Menteith moraine.

The altitude of point 1 (Fig. 2, 12.2 m ob) is the average of
twenty-three measurements on the horizontal shoreline of the

High Buried Beach immediately east of the Menteith moraine?.
The beach does not occur inside the moraine, but its deposits
partly rest on buried outwash gravel laid down by glacial
meltwaters that cut a deep channel through the moraine. Thus
the beach ceased to be formed after the moraine had been
built up but before significant glacier decay had occurred.
This implies that the beach ceased to accumulate at or shortly
after the end of pollen zone III, that is, probably between
10300 and 10100 Bp.

No radiocarbon date was obtained for the thin patchy peat
layer that intervenes between the carse clay and the buried
beach. This peat probably developed in response to the rising
watertable associated with the later transgression of the carse
sea, an interpretation supported by pollen analysis®.

Fig. 1 Location of sites. +, Pollen sites; @, pollen and
radiocarbon sites; heavy broken line, buried raised shoreline
forming site 1.

The altitude of point 2 (9.9 m) is the average of sixteen
measurements of the Main Buried Shoreline where it is hori-
zontal immediately east of the Menteith moraine, The
uppermost deposits of the Main Buried Beach and the over-



lying peat have been analysed for pollen at two sites in the
vicinity of the moraine and at two sites nearer Stirling”-%. At
a fifth site near the moraine only the peat was analysed for
pollen®. At all these sites regression of the sea from the
beach at the end of pollen zone IV (standard system of zones)
or at the IV/V junction is indicated.

No section showing buried peat resting on the Main Buried
Beach has been found in the Forth valley. Radiocarbon dating
of the peat has therefore not been attempted owing to the
danger of sample contamination under pressure of the carse
clay with the small borer available. If the zone IV/V boundary
in the western Forth valley is approximately synchronous with
the IV/V boundary dated at Scaleby Moss in northern
England!® it may be inferred that regression of the sea from
the Main Buried Beach occurred about 9600 Bp. This inference
is supported by evidence from a section south of Perth, where
peat shown by pollen analysis to have accumulated in the
later part of pollen zone IV has a radiocarbon age of 9640 + 140
BP (ref. 11).
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Fig. 2 Relative sea level changes at the Menteith moraine. For
sites 3a to 7 horizontal lines extend one standard error either

side of radiocarbon dates. Sites 1 and 2 based on other evidence
and length of horizontal lines arbitrary.

Points 3a and 35 refer to a section (NS 630960) showing the
upper part of the Low Buried Beach deposits, overlain by peat
50 c¢cm thick which is, in turn, covered by 5 to 6 m of carse
clay. Pollen analysis and macroscopic plant remains indicate
that salt-marsh conditions characterized the final stages of
accumulation of the buried beach deposits, that the marine
regression that followed was accompanied by the development
of freshwater swamp which was subsequently replaced by birch
woodland, and that later transgression associated with the
deposition of the carse clay resulted in the re-establishment of
salt-marsh vegetation”. The basal 2 cm of the peat (7.2 m
oD) gave a radiocarbon age of 8690+ 140 Bp (ref. 3). Regres-
sion of the sea from the now buried beach very shortly before
that date is implied (34, Fig. 2). The top | cm of the peat
has a radiocarbon age of 8270+ 160 Bp (ref. 3) and dates the
subsequent marine transgression across the peat at this point
(35, Fig. 2).

At point 4 (NS 631961) a section shows several metres of
carse clay merging rapidly downwards at its base into a thin
peat layer, That the peat formed in response to the rising
water table associated with the transgression of the carse sea
1s suggested by its composition, for it consists chiefly of remains
of Phragmites and Carex. Pollen analysis revealed high
frequencies of pollen of Gramineae and some very high values
for Cyperaceae (8979, of the arboreal pollen count in one
sample) along with limited quantities of Chenopodiaceae.
The top 2 cm of the peat (9.5 m op) has a radiocarbon age of
8010+ 130 B and this dates the transgression of the carse
sea over the peat at this point.

Point 5 is located near the edge of the carse where the carse
clay is thin. An excayation (NS 582952) exposed 64 cm of

carse clay merging downwards into a 12 cm clay/peat transi-
tion; this, in turn, merged into 25 cm of peat, the whole resting
on fluvioglacial gravel of the moraine system. A marked
peak in pollen of Cyperaceae occurred at the top of the peat
and in the lower part of the peat/clay transition, which corre-
sponded to a very pronounced maximum of pollen of Gram-
ineae (6419, of the arboreal pollen count in one sample).
Pollen of Chenopodiaceae appeared near the top of the peat
and increased constantly in amount upwards to attain 249
of the tree pollen count at the base of the carse clay. This
evidence points to a rising sea level associated initially with
freshwater marsh and subsequently with salt-marsh conditions.
A sample from the peat/clay transition (13.3 m op) gave a
radiocarbon date of 7480+ 125 Bp, which records the time of
marine transgression at this point.

Points 6a and 6b relate to one of a series of boreholes put
down in West Flanders Moss. At the site investigated in detail
(NS 560955) the top 15 to 20 cm of the carse clay contained
remains of Carex and Phragmites, which became abundant
upwards as the carse clay faded out and finally disappeared.
These deposits were covered by 4.25 m of peat. Pollen of
Gramineae was plentiful in the carse clay, but this pollen
dropped abruptly to very low values in the overlying peat.
On the other hand, pollen of Chenopodiaceae, counts of
which amounted to 259 of the arboreal pollen count in the
carse clay where it contained few plant remains, diminished in
quantity upwards as the macroscopic remains of Carex and
Phragmites became abundant, and disappeared completely
just before the carse clay faded out. Since the carse surface
in this area accords with the maximum of the main post-
glacial marine transgression, this evidence apparently records
the culmination of the rise in sea level and the beginning of
the regression with salt-marsh being replaced by freshwater
marsh and this in turn by the accumulation of Sphagnum peat.

Samples for pollen and radiocarbon dating at site 6 were
obtained with a Hiller borer with 50 cm chamber. A sample
from the basal peat (14.4 m op) gave a date of 6490+ 125 Bp.
The sample was obtained by putting down more than thirty
closely spaced bores and taking from the bore chamber in
each case only a narrow (~1 cm) central band of peat from
the lowest 10 cm of the peat layer. Despite these precautions
we were concerned about the possibility of contamination
from higher levels in the peat and an additional sample 20 cm
higher in the bores was therefore dated. This sample consisted
of wood from a branch or trunk of birch (10 cm thick) and
contamination during boring is very unlikely. The radiocarbon
date obtained was 6135+ 105 Bp in accord with the lower date.

The arboreal pollen at site 6 suggests that the zone VI/VIIa
transition occurs at or very close to the clay/peat junction.
Within a vertical interval of 10 cm, Pinus pollen drops from
63 9% to less than 1 % of the total tree pollen while A/nus pollen
rises from 4 to 959%,. The VI/VIIa transition was dated at
Scaleby Moss as ~7400 Bp (ref. 10). This date does not
accord with the two radiocarbon dates for site 6. The corre-
spondence of the VI/VIIa boundary with an important strati-
graphic change suggests possible over-representation of Pinus
in the carse clay because of marine transport. A second
possibility is that peat growth did not begin immediately the
carse clay ceased to accumulate. A third possibility, in our
opinion the most likely, is that the zone VI/VIIa boundary is
much later at site 6 than at Scaleby Moss. (At a site in north-
west Scotland the Alnus expansion occurred about 1,000 yr
later than at Scaleby Moss'?.) The radiocarbon dates for
site 6 are therefore considered acceptable and it is inferred
that by 6490+ 125 Bp sea level had begun to fall from its
postglacial maximum.

The final point (No. 7) in Fig. 2 relates to an excavation
(NS 749965) made through 2.5 m of surface peat down to the
underlying carse clay. Samples for radiocarbon dating and
pollen analysis were taken from the bottom 2 cm of the peat.
The former gave an age of 4120+ 105 Bp whereas the latter
showed no evidence of salt-marsh vegetation (W. W. Newey,



personal communication). The pollen evidence suggests that
peat accumulation did not immediately follow deposition of
the carse clay at this locality, an interpretation supported by
evidence published 175 years ago when peat clearance was
in progress'®. Very large trees were described as lying at the
base of the peat, their roots usually standing in the underlying
carse clay. Felling of some trees by human agency is indicated
by axe marks and wooden trackways were also seen. This
clear evidence of man’s activities is particularly interesting
when the radiocarbon date for the site is compared with a
date of 4020 + 100 Bp for the change from forest to blanket bog
at a site in north-west Scotland, where the forest destruction
is believed to have been anthropogenic!?.

It thus seems that at site 7 the date obtained for the basal
peat does not date marine regression. The sea fell below 10.7 m
op (the altitude of the carse surface here) at least sufficiently
long before 4120+ 105 Bp for large trees to grow.

The transgression peak shown in Fig. 2 at point 1, which
marks the culmination of a major rise of sea level, is based
partly on evidence from elsewhere in the Forth valley*. Local
evidence that the High Buried Beach marks a transgression
maximum is the complete absence above its shoreline of the
distinctive pink/brown highly micaceous deposits of which it
is composed. Similar reasoning in relation to the distinctive
light grey highly micaceous deposits comprising the Main
Buried Beach accounts for the minor transgression (amplitude
unknown) marked at point 2. Evidence of transgression is
not available for point 3a but a transgression is shown because
it is more probable than a relative still-stand of land and sea.

The trough between points 3a and 3b relates to the time
when the sea was restricted to the well-marked buried channel
of the Forth®. The amount of regression is unknown but it
was at least sufficient to eliminate marine influence from site 3
and permit birch forest to grow.

The culmination of the principal postglacial transgression
is marked as having occurred slightly before the date given by
the lower of the two radiocarbon dates for site 6 because the
dated basal peat lacks pollen evidence of marine influence.
The later oscillations in the curve tentatively relate to visible
raised shorelines below the Main Postglacial Shoreline'®.

The accuracy of the curve, of course, depends on the reli-
ability of the dates used, but it will be noted that the dated
points appear consistent with each other. Among other
factors that might affect the validity of the curve, two will be
considered. One of these is compaction, which is due almost
entirely to peat compression by overlying sediments, especially
the carse clay. The only point in Fig. 2 seriously affected by
compaction is 3b, which relates to the top of a peat layer
clearly compressed by the overlying carse clay. Marine
transgression at point 3b occurred at a level higher than that
shown on the graph.

The other factor is isostatic tilting of the land consequent
on deglaciation. The principal sites on which Fig, 2 is based
were intentionally selected from a small area to minimize
isostatic complications. The only principal point located well
away from the main group is point 7. As isostatic tilting in
the Forth area is generally towards a direction south of east,
the altitude of point 7 is too low in relation to the other points
and an arrow in Fig. 2 indicates the probable amount of correc-
tion.

While the present investigation has been in progress, it has
been found that the Main Buried Shoreline is dislocated at the
Menteith moraine; it is 1 m lower just outside the moraine
than immediately within it5. Because the altitudes of points 1
to 4 in Fig. 2 are based on evidence outside the moraine and
points 5 and 6 are based on evidence within it, these two parts
of the curve are not exactly comparable. The Main Post-
glacial Shoreline is essentially horizontal over a distance of
7.5 km that includes the moraine (seventy-three shoreline
Mmeasurements giving a gradient of 0.008 m km ! down valley).
Thus the 1 m dislocation of the Main Buried Shoreline was
produced before the culmination of the main postglacial trans-

gression. It seems reasonable to infer that, because the
dislocation was associated with isostatic recovery from glacial
loading, it was formed chiefly (or entirely) in the earlier part
of the 3,000 yr period available,

The Main Postglacial Raised Shoreline in the Forth valley
has usually been considered to be about 5,500 yr old on the
basis of a radiocarbon date in West Flanders Moss (situated
east of the Menteith moraine), where wood peat from 10 to
12 cm above the surface of the carse clay gave a date of
5492+ 130 Be (ref. 15). The evidence given above indicates
that the shoreline is about 1,000 yr older than this. The
revised age of the feature accords with evidence from near
Leuchars in north-east Fife, where it has been shown that the
transgression culminated between 7605 + 130 Bp and 5830+ 110
BP (ref. 16).

The curve shown in Fig. 2 reflects essentially the interaction
of isostatic uplift and eustatic sea level changes. The descent
of the curve before about 8500 BP means that land uplift
exceeded world sea level rise. The small reversals of this trend
may relate to glacial readvances in North America and/or
Scandinavia, but speculation about possible correlations seems
unwarranted at present. But the pronounced reversal at about
8500 Bp that initiated a transgression of 7 m in 1,000 yr implies
rapid melting of the two great ice-sheets, causing eustatic
sea level rise to overtake the isostatically rising land. In this
context it is significant that Bryson et al.!” believe that in
Canada “‘catastrophic ice disintegration™ followed the Cock-
burn Readvance. This readvance is considered to have reached
its maximum between 8500 and 8000 Bp. On the basis of Fig. 2
a date of 8500 Bp seems probable.

The rapid reduction in the rate of sea level rise as the maxi-
mum of the postglacial transgression was approached, sub-
sequently followed by regression, indicates that by this time
decaying ice sheet remnants were contributing much less water
to the oceans and the isostatic factor became dominant again.
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Fig. 3 Land uplift at the Menteith moraine during the past
10,000 yr.

In Fig. 3 the isostatic component has been plotted separately,
land uplift at 1,000 yr intervals being determined from Fig. 2
in conjunction with published evidence on eustatic sea level
changes. Initially a series of separate curves was drawn, each
curve combining the evidence in Fig. 2 with the published
eustatic data given by a particular author. Certain curves
were rejected because (a) they were markedly divergent from
the majority, or (b) they indicated reversals of isostatic uplift,
or (c¢) they were based on evidence from areas of significant
subsidence. The curves not rejected, using data from five
sources'®-22, were then averaged and the result is reproduced
in Fig. 3, the curve being extended to the present day. (In
making the calculations 2 m was subtracted from the total
for isostatic uplift at each point to take into account the fact
that the data in Fig. 2 relate to high water mark.)

Although the uplift curve shown in Fig. 3 owes its smooth-
ness partly to the elimination of aberrant eustatic data, the
fact that such a curve can be drawn at all encourages the
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