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ABSTRACT

The characteristics of Cleveland in terms of the
existing physical elements of the landscape and its
settlement history are presented as a background to the
study of Late Quaternary ecological changes there.

Late-glacial and Post-glacial landscape evolution
is traced by the interpretation of stratigraphical and
palynological records obtained from five mire sites by
established techniques of Quaternary research. The sites
lie upon an altitudinal transect from around 70 metres
O0.D. on the Cleveland Plzin in the west of the region to
about 235 metres Q.D. upon the North Cleveland !'oors, and
range over some 30 kilometres distance.

Apart from a proposed three stage oscillation of
interstadial rank within the Late-glacial period, the
normal sequence of a predominantly open Late Jeichselian
vegetation followed by a largely closed forest cover in
early Post-glacial time is encountered. Differences
existing between lowland and upland habitats at particular
times are explained in terms of ecological (mainly climatic
and edaphic) factors. The later Post-glacial period is
considered in the context of Cleveland's suitability as a
dwelling place for prehistoric and early historic man, and
the effects of his successive occupations upon the natural
vegetation cover are discussed as late in time as reliable
ecological evidence permits. It is suggested that the
earliest settlers in the region may have had considerably
greater effects upon their environmenf than has formerly

been credited to them, and that the uplands had reached a

stage of ecological imbalance by early historic time, the
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lowlands achieving this somewhat later and with a
aot easily
lesser degree of permanent and,‘i&-reversible change.,
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INTRODUCTION

1., Aim and Scope of the Work

The aim of this thesis is to attempt, using primarily
techniques of Quaternary Research, to elucidate the ecological
history of a relatively small and diverse part of north-erstern

Yorkshire since the retreat of the ice of the last glaciation.

The selection of Cleveland, comprising the North Cleveland
Moors and the adjacent Cleveland Plain was influenced by a

number of factors.

Firstly,'the presence of both upland and lowland with
quite different contemporary environmental conditions, offered
the possibility of an altitudinal transect across the region
to test for similarities or differences which may have existed

in past landscapes.

Secondly, the fact that Weichselian ice covered the
region (Gregory, 1962), leaving behind it a variable mantle
of deposits and landforms containing sites which were both
suitable and accessible for investigation of Late Quaternary

environmental evolution.

Thirdly, information concerning various facets of the
physical and cultural landscépes, particularly from the
geomorphological and archaeological standpoints‘is readily
available, if not all recently contrived, therefore making

possible certain correlations between different lines of

evidence.




Finally, the work was conceived as a contribution to
a wider research programme in this part of Northern England,
concerned with numerous interrelated problems pertaining in

Quaternary Studies there.

The initial part of the thesis is devoted to a brief
survey of the study area, with éarticular emphasis paid to
its contewporary environmental conditions, and also to its
history .of settlement and land use. It would be extremely
difficult to consider the evolution of past landscapes without
some knowledge of the geography of those of the present.
Moreover, it is a fundamental principle of environmental
recohstruction that comparisons with present day distributions
conditions and tolerance limits of phenomena form the basis
of many hypotheses relating to such in the past (for example,

Conolly and Dahl, 1970).

The second unit consists firstly of a general description
of the sites investigated and their location, and secondly
the detailed results of the work are presented separately for

each site examined,

The penultimate section is a discussion of the results
obtained, with correlations between the sites and an attempt
to reconstruct the ecological history of the region from these

and allied sources.

The final part summarises and compares the available
evidence with that of adjacent areas, and suggests possible
relationships between their Late Quaternary evolution, and
with that of the accented scheme for England and Yales as

proposed by Godwin {1956) and updated by West (1968).




2. Previous Scientific Research in the Region

In spite of a generaliy bleak, inhospitable character
aﬁd a limited scenic appeal, this thinly populated, mainly
agricultural area-has attracted a great deal of attention
for the past 150 years. A formidable body of information
concerning its natural history has been produced, particularly
during the first 30 years of the present century. The last
four decades héve seen no broad based regioﬁal studies but
rather more a profusion of wide ranging, spatially isolated

and specialist researches.

The earliest accounts were those of amateur naturalists,
such as J. C. Atkinson of Danby in Cleveland, whose papers in

the 'Gentleman's Magazine' in the early 1860s, and book

entitled 'Forty Years in a Moorland Parish' (1891) reflect

his various interests, mainly archaeological. The early
volumes of the Proceedings of the Yorkshire Geological Society,

and the Cleveland Naturalists Field Club, The Naturalist and

Yorkshire Archaeological Journal contain a multitude of short

notes and papers concerning discoveries and hypotheses in
north-basf Yorkshire by Hawell, Burton, Mortimer, Sheppard

and others. The activities of such enthusiasts have fortunately
been perpetuated by the Yorkshire Naturalists'Trust, the
Yorkshire Archaeological Society and numercus local natural
history societies. To their members credit for a large

proportion of recent important finds must be given.

The late nineteenth and early twentieth century saw the
advent of scientific approaches to topics previously treated

in isolation and often ascribed to highly improbable causes.




J. G. Baker (1863) produced a related account of the Botany,
Geology, Climate and Physical Geography of North Yorkshire,
and the Geological Survey Memoirs of the region were published
in 1885, 1886 and.1888, the results of the work of Fox-
Strangways, Barrow, Cameron and other well-known geologists of

the period.

Professor P. F. Kendall's studies of 'The Glacier Lakes
of Cleveland' (1902,- 1903) received wide acclaim, and had
considerable implications on the interpretation of glacial
retreat phenomena in other areas for the succeeding half-
century. Together with H. E. Wroot, Kendall synthesised

his researches in 'The Geology of Yorkshire' (1924),

As fundamental and influential as Kendall's geological
hypotheses were those of the Commondale Naturalist, Frank Elgee.
A memorial at Ralph Cross on Westerdale Moor today stands as
a token for his massive contribution to natural history and
archaeology in the region. His major publications 'The

Moorlands of North-East Yorkshire'! (1912); 'The Romans in

Cleveland' (1923); 'Early Man in North-East Yorkshire' (1930)

and (together with his wife) 'The Yorkshire County-Archaeolqu'

(1933), summarise a lifetimes work and innumerable papers,
unrivalled as yet as a source of regional understanding and

synthesis.

While it is perhaps untrue to state that research in the
decades following Kendall and Elgee's major publications was
totally conducted within the framework of their conclusions,
their combined efforts were no doubt instrumental in providing

the impetus for much of the work. Versey (1939) investigated



geological structure and denudatioa chronology, while Gavyror
and }Melmore (1936a, 1936b) and arrison (1936) in the Tale of
York and Raége {1939) in Morth Cleveland examined the rlrcial

sequence.

The initial uaternary ecological studies were nerfor-ed
by Erdtmen (1927, 1928). The peat deposits of Cleveland were
examincd as part of 2 wider investigation into the Post-arctic
history of the forests of north-western Europe. ».is conclusions
suggested that the arezc had carriec forest during the greater
part of Post-glacizl time, a fact which Ilgee (1912) had
considered improbable. The outline nature of the anzlyses,
carried out when palynoiogy was a young and little developed
science, together with widespread belief in Elgee's ideas,

saw his views make only a winor impact in north-e: st Yorkshire,

It was not until the early 1950s, that renewed interest
and fresh approaches to both ecological and geomorphological
problems in the region were made. The work of Zimbleby
(for exaple, 1952, 1962) led him to state quite firmly that
Trdtman had shown the area to have beeﬁ forested throughout
the greater part of Post-glzcial time, with forest clearance
the result of anthropogenic activity late in t'is period.
Godwin and Jzlker {(1954) at sites in the Vale of Pickering,
established beyond all reasonable doubt that this was tze case,
producing a vegetational succession from Late-glacizl until

relatively recent time for that =zrea.

Cenudation chronology and Pleistocene geomorphologzy
were not overlooked in this challenge to traditiomnal iceas.

Agar (1954) produced an account of the glacial and Fost-glacial



geology of the Tees Lowland and Henry (1956) made a
comprehensive study of the development of the Esk drainage
syétem in relation to topography. The glaciations of West
Cleveland received some new suggestions from Best (1956),
while Hemmingway et al (1958) provided a good summary of
geology in the Whitby area. - Andérson (1958) produced the
first major work on Cleveland soils and their potential u=es,
Sissons (1961) suggested that Kendall's hypothesis of the
deglaciation of part of Eskdale was wrong; and this was
followed by Gregory's (1962) comprehensive thesis on the
geomorphological evolution of the whole region, which
reinterpreted many traditional ideas, particularly concerning
the Pleistocene, Dimbleby (1962), consolidated his ideas
upon the moorlaﬂd's status, and new archaeological views,

for example, those of Hayes (1966) and Radley (1969) began

to emerge, concerning particular sites and periods. Studies
of historical documents, for example,by Waites (1957),
Chapman (1961), Farra (1961) and Mitchell (1965), have
provided a new and detailed analysis of changing land use

for historic times until the present.

The most recent study of vegetational changes in the
region has been that of Simmons (1969a, 1969b) who, restricting
himself to_a.small area on the central watershed of the
moorlands, demonstrated relationships between human activity
and the environment, with particular reference to lesolithic
man's influence on the lands;ape. The research to be described
is intended to provide further evidence of ecological changes

in Late Quaternary time, particularly those of a general

rather than a specific nature. The main aims of this, and




other work in preparation, (Cundill, personal communication),
is the presentation of a more complete picture of such
changes in the period considered by Gregory (1962), to
"have shaped the detailed anatomy'" of the contemporary

landscape of the region.



CHAPTER 1

DESCRIPTION OF THE STUDY AREA

l.1 Topography

Cleveland lies at and around the northern fringes of
the North Yorkshire !Moors National Park, and comprises two
distinct landscape regions, the North Cleveland }oors and

the Cleveland Plain (Figure 1).

The moorland has the greater areal extent stretching some
22 'kilometres (14 miles) from Guisborough !loor in the west,
to Egton Low Moor in the east, at an average elevation of 240
metres (800 feet). The northern boundary of this gently
undulating plateau is marked by an imposing escarpment,
reaching between 275 and 395 metres (90C - 1,300 feet) to
the south of Guisborough, while further to the east it meets
the coast between 120 and 213 metres (400 - 700 feet) O.D.,
giving a very striking cliff coastline. In front of the
main-escarpment, the outliers of the Eston and Usleatham Ilills
rise sharply only = few Rilometres south of tke Tees estugry.
They are separated from the main moorland block by a shallow
flat bottomed valley conteining the town of Guisborough.
From the North Cleveland watershed, drainage to the north
is to the Tees and to the south to the Esk; in botl: cases by
short, swift flowing and often deeply incised st;eamsf The
River Esk which rises in the west of the upland massif
flows eastwards, joining the sea at Whitby, and to the south
of it the moorlands rise to form the lofty centresl watershed

of the North Yorkshire Moors, trenched by broad dales
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radiating north and south. The highest point in this area

-is 456 metres (1,489 feet) O.D. at Burton Head on Urra Moor.

The lowland has a gentle bﬁt distinct relief, averaging
around 60 - 90 metres (200 - 300 feet) O.D., encircling the
estuarine lowlands of the Tees to the north, and merging
imperceptibly with the hummocky tépography of the northern
fart of the Vale of York to the south, while to the west it
stretches to the foot of the Cleveland escarpment. The main
drainage system is that of the River leven:, which has its
source in the upland very near to that of the Esk, but in
contrast to the latter, follows a westward course, eventually

entering the Tees at Yarm.

1,2 Geology

In outline, the geology of the area is essentially
simple, consisting of a series of sedimentary rocks dipping
south-eastwards and ranging in age from Triaséic in the
lowlands to Jurassic in the uplands. Sediments of the periods
between the Jurassic and the Pleistocene are absent, having
been removed by prolonged erosion. Pleistocene deposits,
the results of the glaciations and associated phenomena to
which the area was subjected during this period are the most
' important element in the present day landscape of the
Cleveland Plain, but are absent from a large proportion of
the upland. Here, despite distinct structural forms, the
landscape is primarily a reflection of the differential

hardnegs of the beds which make up the succession (Figure 2).

The North Cleveland Moors are composed of a considerable

thickness of nearly horizontal Jurassic strata, and are capped
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by hard flaggy sandstones and intercalated shales of Inferior
Oclite age and Estuarine Formation. These rocks make their
first aépearance south of the Tées as the resistant canpings
of the Eston and Upleatham Hills. Along the maiﬁ escarpment
of the plateau mass, a conspicuous shelf is often formed by
the }Middle Lias Sandstones which are more resistant than the
shales above and below them. The highest geological formation
of the area, the Kellaways Rock, a massive sandstone of  “iddle
Oolite age forms the cappings of several knolls such as
Freebrough Hill on l'oorsholm }oor and Brown IIill on Cor:ondale
l‘oor, but the majority of the rather monotonous noorland
landscape is covered by the outcrop of the !'oor Grit (3arrow,

1088).

Glacial Drift occurs widely between the Tees Estuary,
and the slopes of the upland to a2 height of about 215 metres
(700/feet). Above this, however, it occurs in thin isolated
patches, for example, at 245 metres (870 feet) on Eston No
and at 307 metres (1,000 feet) on Roseberry Topping.

Eskdale, and some of its tributaries are filled to a
¢considerable depth with glacial deposits. 3Solifluction
deposits are found mantling slopes and filling depressions
over a wide area, but River Alluvium is much rarer, the
upland streams are generally too short and swift flowing to
have develoned a flood plain of any magnitude. Peat occurs
in small quantity, usually in depressions which are often

at the base of the Kellaways Rock. There are no major areas
of blanket peat such as exists on the central watershed south
‘of the Esk, but the dales contain peat filled hollows where

they are floored with glacial deposits. e

o
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The Cleveland Plain has very few outcrops of solid rock,
owing to the extensive drift cover. In what few exposures
there are, Permo-Triassic !'arls overlain by Bunter Sandstone
and Keuper }'arl can be seen, passing upwards towards the
Cleveland l"assif into the lower Lias formations. The drift
deposits here are of variable thickness, attaining over 30
metres (100 feet) in places, and are mainly composed of a
reddish boulder clay overlain by a belt of sands and gravels
having the form of z series of parallel aligned ridges
trending ENE - WSU. Patches of a blue lacustrine clay at a
height of around 90 metres (300 feet) O.D. occur in some
localities, Solifluction deposits are less conspiCuous than
in the uplands, though many hollows in the drift rave infillings
of stony clay, often overlain by fairly recent Colluvium.
Peats and other organic accumulations are also restricted in
distribution, mainly being found in hollows between mounds
of outwash material, locally known as 'Carrs', as for
example, at Seamer Carrs and Tanton Carrs. There is evidence,
in isolated remnants, that a large area of the plain was
covered by swampy ground (in the flat area between Seamer
and Hilton, for example), but this has now been removed by
drainage and cultiﬁation. _River Alluvium is quite extensive
along the lower courses of the streams, particularly, the
Leven, which has also become'deeply incised into the drift,

the Triassic formation being exposed in several vzlley sections.

1;3 Structure

The region is structurally a series of gently folded and

little faulted anticlines and synclines whick can be detected

in the topography.
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In the uplands, the more important structures have their
axes lying a little northlof west and south of east, the others
lying roughly north and south. A major syncline commences
near Lockwoqd Beck Reservoir and passes across Moorsholm Moor,
Scaling Dam and Ugthorpe, dying out at ihitby where it is
truncated by a fault, a similar feature marking its western
termination at Lockwood Beck. In this syncline occur the
highest beds in the geological succession of the district,
the Kellaways Rock being practically confined to it. A
smaller similar structure crosses the highest part of the
North Cleveland watershed, commencing at White Cross on Danby
Low Moor and traversing Guisbprough Moor, ending at
Pinchingthorpe in the west. The Esk Valley follows the
course-of a major synclinal trough in the southern part of
the area, while in the northern boundary region an anticline
can be detected between Guisborough and the coast, with its

northern limb bisected by the escarpment.

Faulting is generally localised, and not of widespread
significance; however, the Upsall Fault, with a downthrow
of 120 metres (400 feet) to the north is responsible for the
separation of the Eston and Upleatham Hills, and the consequent
duplication of the escarpment in the Guisborough area.

(Smailes, 1960) .

The lowlands also are comprised of anticlinal and
synclinal forms which find their expression in the general
dip of all formations,.excepting the Oolites, at angles of
less than 5°, to the east. This causes the Millstone Grit
and the Permian beds outcropping to the west to pass

graduaily beneath the several members of the T;ias and Lias,
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which in their turn pass under the steep Golitic escarpment.
Major faults are absent, but the intrusive Cleveland Dyke,
composed of Tholeite and trending NW - SE across the plain
from near Stockton to Kildale and into Eskdale provides the
only evidence of igneous activity in the area, probabiy of

Tertiary age. (Barrow,1888).

1.4 Pre-Quaternary Landscape Evolution

The development of Pre-Quaternary, and generally of
Post-Cretaceous landscapes of the region, have been traced
by several investigators; natably Cowper Reed (1901),
Fawcett (1916), Versey (193?), Peel and Palmer (1955),
Henry (1956) and Gregory-(1962); The work of the latter
summarises the previous resear?h and suggests the following
sequence of events:-

1., The emergence of the Cretaceous sea floor ag a surface
inclined to the east.

2. The initiation and development on this surface of a
major eastward flowing river, the Proto-Esk.

3. .The capture of the Upper Esk, probably by the Tees,
and the isolation of the North Yorkshire Moors as an
"jsland", with the formation of an escarpment commencing.

4, Mid-Tertiary uplift of the region in the form of a dome,
with deformation of the early Tertiary surface, and
accentuation of the form of the moorland block.

5, Major planation forces, producing a Summit surface, over
308 metres (1,330') O.D., and a High Moor surface
355 - 395 metres (1,150 - 1,290') O.D., both now very

restricted in area in the south-west of the upland.
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6. The production of two partial peneplains, the Low Moor
surface (a) 290 - 338 metres (950 - 1,100') and the Low
Moor surface (b) 235 - 283 metres (770 - 930') associated"
with these were drainage changes, mainly river captures,
resulting from structural adaption and scarp recession,
with the resultant extension of the Cleveland Plain at
its foot. Low Moor surface (a) can be seen on Guisborough
and North Ings Moor, mainly developed on the Middle and
Upper Deltaic series. Low Moor surface (b) is the most
extensive and well developed, extending across a number of
outcrops in the Kellaways, Cornbrash and Middle and Upper
Deltaics. |

7. The Calabrian Transgression at thg close of the Tertiary
period, with the formation of a well marked strandline
at 210 metres (700') around the uplands, related to
Calabrian sea levels, accompanied by séme drainage

diversions.

1.5 The Pleistocene Period

The first major contribution to Pleistocene studies in
the area was by Kendall (1902,- 1903) . He was first attracted
by the many dry watercourses trawersing the uplands in
intricate patterns., From their form and distribution a system
of pro-glacial lakes and overflow channels, with associated
strandlines, deltas and lake deposits was envisaged in
relation to the drift limits. Ice was considered as surrounding
the upland massif in the last glaéiation, and extending into
Eskdale to Kildale on the west and Lealholm on the east.
Inside the remaining area, which was ice free and took the

form of a nunatak, drainage was impounded and a series of
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lakes and overflows déveloped, becoming operational at various
heights as the ice retreated.north-eastwards. Lake Eskdale,
between two terminal moraines at Kildale and Lealholm was the
main water body in North Cleveland, the drainage of which
was to the south into Lake Pickering. His ideas gained
widespread acclaim, and later workers suggested only minor
amendmeﬁts to his interpretations. Elgee t1908) offered some
more evidence concerning the glaciation of North Cleveland,
equating the outwash phenomena of the Cleveland Plain with

. Kendall's ideas for the uplands., The distribution and
sequence of drift déposits was examined by Bisat (1939) and
‘Radge (1939), though their evidence brought the solution of
the extent and number of glaciations into not much clearer
light. Similarly, Gaynor and Melmore (19362), while
-establishing the presence of lake deposits, and postulating
the existence of glacial lakes felt unable to offer a

chronology for the lowlands, with the evidence available,

Agar (1954), somewhat followed earlier ideas in dealing
with the characteristics of the glacial and Post-glacial
deposits of the Tees Lowlands, and it was Best (1956) in a
pape¥ on north-west Cleveland glacial drainage channels who
suggested a fresh approach to the problem. While retaining
the conventional interpretation of overflow channels, and
the ice limits of Kendall, a more complex sequence of channels

led Best to invoke two glaciations to account for their

presence.

Sissons (1961) described the glacial landforms of the
Stonegate Valley in eastern Eskdale and took them to indicate

the former presence of stagnant ice there, differing in his




16

interpretations from Kendall, Following this, Gregory (1962),

as part of a major study of the geomorphological evolution

of the area, reinterpreted the glacial history of the uplands,

and offeréed the following as the sequence of Pleistocene

evolution: -

(1) An early Pleistocene glaciation, with the production of
a series of valley stages, before, during and after this
time, The evidence of this is lacking due to the removal
of drift deposits and other modifications by subsequent
glaciations.

(2) A second glaciation, equated with the Weichselian on the
basis of the erratic content and fresh form of the features,
described first by Kendall. In the last glaciation, ice
advanced into the area from west, east and north, well
beyond the limits proposed.by Kendall; filling Eskdale
and totally covering the North Cleveland Moors. So&e of
of the glacial drainage channels have 'hump' profiles,
their operating heights suggesting a sub-glacial rather
than a sub-aerial origin. Sonie sub-aerial drainage may
have been impounded, resulting in the deposition of
scattered lamihated clays., Depositional features over
the'area suggest a total cover of ice, with a maximum of
advance (perhaps equivalent to the Escrick stage in the
Vale of York) represented by a moraine near Castleton in
the Esk Valley.

(3) Deglaciation, marked by a thinning of the ice and the
emergence first, of the North Cleveland Moors and a
nunatak, joining the ice free area of the central watershed
(which may have had neve fields, but not ice, throughout

the last glaciation), The first ice to become stagnant
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was that in western Eskdale, with the Fildale moraine,
deposited at the margin of the active ice in the Vale of
York, a recessional rather than terminal fezture. soon
afterwards, ice in eastern Eskdale became stagnant with
the Lealholm moraine formed (in a2 similar manner to the
one at Hildale) by-the margin of the coastal ice. 3oth
moraines are perhaps the equivalent of the 'Yorl: stages'
in the Vale of York.

(4) The final disappearance of the stagnant ice, with
meltwater escaning southwards in eastern Zskdale, and
westérn and central Eskdale with a reduced volume of
water and a veneer of fluvio-glacial deposits on the
valley floor, The deposition of this material caused
the alteration in course of the River Leven when
drainage was resumed after deglsciation. Formerly it
flowed eastwards as a headwatgr of the River Esk, but
was diverted westwards through IFildale by a barrier of
outwash, now constituting the watershed between IKildale

and Eskdale.

Gregbry did not extend his hypothesis to the Cleveland
Plain where the ideas of Gaynor and !clmore (1936a), Radge
(1939) zand Agar (1954), have been re-examined by Land

(personal communication) and touched unon by Francis (1970).

The early workers assizned the exposed drift in the
lowlands to the Teichselian glaciation on the basis of its
errati¢ content, with the vast majority of landforms
depositional and related to a quite rapid retreat of the

ice from the northern end of the Vale of Vork. .t this time
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fhey contend, the area was occupie& by a large volume of
meltwater impounded behind ice which melted for a time with
its inland margin near Seamer, north-west of Stokesley.

The veneer of sands and gravelé covering the till and often
forming marked ridge topography in this area was regarded as
resorted outwash of a very complex phase of ice-retreat
(Radge,1939). In some places a boulder clay capping to the

. sands and gravels suggested to Elgee (1908) a readvance of
the ice to account for it, but Radge (1939) favoured a halt
in ice retreat to explain its presence. The final séages of
deglaciation were associated with lake formation., Lake Humber
lay to the south and was joinéd to Lake Weardale to the north
by water in the Cleveland Plain, held up behind the shrinking
ice-mass; Radge regarded a high level blue clay at 90 metres
(300 feet) O.D. as the deposit of this lake, occuriring over
.a wide area. The existence of this water body was short
.livéd, ﬁowever, lowered by drainage of the southern lake
systems which it fed. A low level blue-clay, found over a
restricted area in the Tees Basin (Agar,1954), marks the
position of a small independent remnant of the large lake,
when the ice front was somewhere off the position of the
present mouth of the River Tees, Large amounts of meltwater
were draining away and kettle holes beginning to form ih the
drift as ice blocks thawed out and melted. The drift was
being'cut into, and the deeply incised valleys of the plain

were formed, at a time when periglacial activity was intense

also,

Francis (1970), and Land (personal communication) suggest
that all the tills, clays, sands and gravels of the area are

the deposits of one glaciation during the Late Weichselian,
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Land regards the rounded hills between Stokesley, Crathérne,
Yarm and Ormesby as drumlins. The I'unter Fill - Seamer -
Hilton Ridge, regarded as a terminal moraine by Elgee, is
placed in this category. Ye also finds no evidence for
.Radge's 300 foot Seamer Lake. There has been folding of the
sands around Seamer since deposition and they have been carved
into drumlin form with the deposition of the upper till. The
closed hollows are regarded as either inter-drumlin features,
or in some cases, kettle holes férmed by in situ melting of

blocks of ice.

The recent evidence of Late Weichselian readvance stages

" in east Yorkshire (Fenny, Catt and Coope, 1969), perhapns suggest
that a2 similar sequence éf events prevailed in Cleveland, but
the absence, as yet of interglacial and interstadial deposits
here, makes delimitation of even major phases of activity
impossible. Drift limits are summarised in Figure 2 (after

Barrow, 1888, and Gregory, 1962).

1.6 Climate

The regional climate of Cleveland is modified to a
considerable extent by local toﬁographic and maritime features,
superimposed upon the larger scrle pressure systems of the
European land mass and the Atlantic Ocean. As with the other
aspects of the enviromment, two climatic provinces can be
distinguished, eacl: with characteristic components. letailed
information on local climates is, however, almost entirely
lacking. The North Cleveland }oors are encircled by the
762 mm. (30") isobyet, with no area receiving over 1016 mm.

(40") per annum. The main effect of the elevated plateau is

its function as a barrier for weather cdming off the North Sea,
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particularly in winter, when Polar Continental air masses

give considerable snowfall over high ground. Guisborough
Moor, 889 mm. (35") per annum, has the maximum precipitation
of the upland, with the majority falling as heavy winter
showers. Tar more noticeable as an uplaﬁd climatic factor is
wind, The elevated, exposed and treeless nature cof the moors,
_together with the "funneling' effect of the dales, malke its
effects more marked, and surely, always a major climatic
influence, The winter months are characterisec by a bitterly
cold easterly airstream, while in spring and early surrer, the
same winds, coming off the sea,‘produce the 'I'aar', a low
formless cloud, accompanied by poor visibility and drizzling

rain (Eyre, 1959, Smailes, 1960, Mouse and Tullerton, 1960).

Temperature values indicate that the warmest months on
the moorland are all below 15°C (59° F), with cold winters,
mean 3.9°C (39° F), or less. The incidence of spring,
and consequently the growing season (and its associated

effects), are delayed, therefore.

The Cleveland Plain is isolated from marine influences.
Both to west and east lie uplands taking the brunt of the
bad weather. It is only from the north and the south, along
the lowland corridor; that relatively undisturbed air masses
can penetrate the area, The climate is typical of an eastern
England coastal lowland, with a low annual precipitation of
variable incidence, but with a tendency towards a summer
maximum. Available data gives an average of less than
635 mm. (25") per annum over the area, some stations recording
under 508 mm. (20") per annum and others 635 - 762 mm.

(25 - 30"), The driest zone is in the centre of the lowland
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with a progressive increase in rainfall totals west and east
towards the uplands, owing to the reinvigoration of frontal
systems and resultant slight instability of air masses with
increasing altifude. The majority of rainfall is of a
convectional type, occurring between July and October; with
evaporation rates at a high level and a poor P/E ratio.

At this time the area suffers water deficits in the majority
of years. VWinter rainfall is, however, sufficient to provide
replenishment for fhe water table enabling plant growth to
commence in early spring. Snow can be expected in the plain
on about 20 days a year, increasing by one day for every

15 metres (50') rise in altitude over 60 metres (200').
Winds are much less severe, both in speed and frequency, but
are still easterlies mainly, Temperatures are a few degrees
higher than in the upland, but do not exceed 15.6° C (60° F)-
in summer and 5.6° C (42° F) in winter. The incidence of
-frost hollows, especially at the foot of the escérpment where
cold air sinks from the plateau énd displaces the warmer air
of lower levels, is an important feature of the lowland
climate. The 35 week growing season is about 2 weeks more

than can be normally expected at the higher altitudes.

Overall, altitude, aspect and plant cover (or the lack
of it), serve to delimit two quite distinct climatic regions
at present., There can be no doubt that some, if not all
these factors, have played an important part in landscape

evolution, together with the changing climatic elements of

the past.
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1.7 Socils

No complete survef of the soils of the area has yet been
made. PCetziled pedological studies in widely separated
localities, such as t'ose of Jacks (1932), Dimbleby (1952, 1962),
Anderson (1958), and Curtis (unpublished) have provided .
information on soil morphology, while Crompton (1961) has

attempted a review of the major soil groups of the whole area.

The dual division of the landscape is again applicable,
the solid sedimentary rocks of the upland, of limited range
as soil parent material, can be contrasted with the crift
covered lowland of reasonable soil forming potential, The
threshold for marked changes in soil profiles owing to
environmental influences in the region seems to be around
210 metres (700!) O0.D. Above this altitude, as a result of
increased precipitation, the heavier soils on the flatter
sites are poorly drained, leading to the build up of a peaty
top-soil and the development of peaty-gleyed podsols, with
in the wettest areas, the accumulation of deep peat, especially

in hollows, usually of limited areal extent.

The soil profile common to virtually all areas of the

North Cleveland Moors where oolitic sandstones and grits

make up the major parent material, consists of :-

Al O - 10 cm. Black decomposed peat, matted with Calluna rootlets.

A2 10 - 20 cm., Light grey sand with occasional pebbles.

Bh 20 - 22 cm. Black humic sand with some decomposing roots.
B1 22 - 23 cm. Brown, indurated iron pan.
B2 23 - 35 cm..Compact reddish-brown sand with a laminar structure.

C 35 50 cm., Yellowish sand with angular rock fragments.
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This is the major soil type of the upland, and is a
thin iron~-humus podsol., The peat is usually well decomposed
and very acid, giving a pH reading of between 3 and 4, thus
placing fﬁirly narrow limits on the type of plant community
which can exist with it as a substrate, Calluna is often the
only plant growing upon it, sometimes with an admixture of
moorland grasses. Peat thicknesses can vary owing to micro-
topography, but there are no large expanses of blanket peat
on the North Cleveland Moors. The main control of peat depth
here seems to be fiting, which destroys an already poorly
vertically developed cover, reducing the water holding capacity
of what remains and allowing vegetation with greater water
requirements to develop, which gives way to Calluna again
as soon as the effects of burning disappear. The sandy
horizon is the result of leaching by humic acid solutions
percqlating from the overlying peat cover. In spite of the
"low rainfall and the consequenf poorly developed peat layer,
;&his essential podsolisation process is very effective,

This layer is ofteﬁ found at the surface, particularly in
areas where burning and subsequent erosion by water and

wind have removed the yegetation cover and the peat.

At the base of the sandy horizon a slight darkening is
indicative of organic matter accumulation which has been moved
down from above. It also contains decaying roots whose progress
downward has been halted by the next horizon the iron pan.

This is an indurated layer about 1 cm thick, normally being
level and unbroken over wide areas, at approximately the same
sub-surface depth, sometimes becoming wavy, broken and nearer
the surface. Both types are found, the first instance signifies

mature podsolisation, the latter an early stage or incipient
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evolution., The presence of a pan is a barrier to vertical
movement of water and roots, and it limits the development
of a thick soil profile by isolating all below it from the
main soil forming processes. Waterlogging is caused and
runoff occurs, accompanied by erosion of the upper horizons
which become redeposited in hollows as peaty sand, often
stratified. (Curtis, unpublished). Conversely, in dry
conditions, it restricts the upward movemen{ of moisture,
and the exposed surface peat dries, cracks and blows. Below
the pan is the remainder of the illuvial horizon, lighter in

colour and a less concentrated zone of deposition than it.

The bedrock is generally tough and siliceous,, impermeable
and lacking nutrients, not a good parent material for soil

formation.

Moorland hydrology is closely related to the differing
permeabilities of soil horizons. Peat and its supporting
vegetation are good water holders, moisture which does
pénetrate going through the A horizon as far as the pan, and
tﬁen laterally., Since the pan occurs at a fairly constant
depth, drainage tends to follow the moorland contours, unimpeded

where there are slopes,but accumulating in hollows.,

At a slightiy lower altitude, in the moorland valleys
floored mainly by Liassic 8hales and Glacial Deposits, there
is less tendency for organic matter to accumulate at the surface.
The more basic parent material, lower rainfall and better drainage
give quite good brown earth soils with well incorporated humus.
Some gleying occurs in imperfeétly drained localities, but

peat is limited to isolated hollows in the drift of Kildale

and Eskdale.




25

The Cleveland Plain hds as its dominant parent material,
glacial drift of mixed origin, but mainly sandy boulder clays
with spreads of sand and gravel and lacustrine cléy, providing
a quite good substrate for soil dévelopment. The boulder
clays were originally quite calcareous throughout, but are

now leached to a depth of a metre or more.

A typical soil profile in the area showed:-
0-- 30 cm, Dark brown- sandy loam
30 = 60 cm. Brown clayey loam
' 60 - 100 cm. Lighter brown sandy clay
100 cm. + Stiff reddish-brown boulder clay
A general translocation of clay down the profile has resulted
in a clay enriched sub-soil. The lowland soils are generally
well-drained, particularly on the hummocky drift, but quite
extensive areas between hummocky deposits are often poorly
drained, and occasionally contain great depﬁhs of organic
" material. Many such areas in what is now almost exclusively
good quality agricultural land, have been.reclaimed, drained
and cultivated. The quite extensive spreads of river
alluvium in the lowlands give freely drained sandy or silty
loams which make good arable land if they are not subject to

flooding.

Jacks (1935) suggested that the soils of the area were
representatives of those which had always existed there.
The brown earth of the lowlands had in the past, and still
in places, supported a deciduous forest cover; the podsol of
the uplands showed that forests of this type had not existed
there, with no evidence of degeneration from a brown earth

soil to a podsol present. This supported the earlier views
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of Elgee (1912) that the majority of the higher moorland

had always carried a heath vegetation. Dimbleby (1952, 1962),
by comparative evidence with fossil soils under archaeological
sites, and examination of their pollen content, challenged
these views, concluding that in the Post-@glacial period,
podsolisation should have developed naturally on the uplands
by Atlantic times, but that this, in fact, was not always the
case, At this time, a mixed deciduous forest, rather than
heath, was their dominant vegetation cover, and although
podsolisation must have occurred in some localities, it was
not until Bronze Age time that it became really effective.
From then onwards, brown forest soils and others, including
peaty-gleyed podsols, became subjected to intensive podsolisation
as a result of man's "assault" on the landscape., It was
accompanied by the disturbance of the upper soil horizons,
especially by forest clearance and by cultivation. The
presence of podsols today are largely the result of this
anthropogenic process, which has continued in various ways
until the present, when many instances of soil erosion can

also.be found on the North Cleveland Moors.

1,8 Vegétation

The first ordered account of the vegetation of Cleveland
was given by Baker (1863) in 'North Yorkshire. Studies in.its

Botany, Geology, Climate and Physical Geography'. The

relationships between plant life, geology and climate were
traced, with Smith (1909), providing a similar account of

the vegetation types associated with particular geological

formations. In Tansley's 'Types of British Vegetation' (1911),

the same author gave a description and a classification of the
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district's heathlands. Elgee (1912,1914) as part of a major
analysis of the natural history and origin of the moorlands,
adopted a topographical classificétion of their vegetation
types. This has remained the only overall, detailed study

of the region, and as theipresent research was not intended

to include an analysis of the contemporary flora, it has
provided the basis for the account given below. Tansley (1939)
drew upon the work of both Smith and Elgee in his account

of the vegetation of Cleveland.

The vegetation of the North Cleveland Moors may be
classified under four broad groups:- (1) The Heath Fommation,
(2) The Slope Vegetation, (3) The Slack Vegetation, and

(4) Bog Vegetation.

(1) Heathland

The majority of the uplands are dominated on their
plateau areas by a heath formation, with Calluna the main

constituent of the vegetation; variations in type of heath

being caused by the form of the Calluna, and the presence of

other plant species.

On the driest areas with sandy and stony soils and a
minimum of peaty humus (under 15 cm), apért from Calluna, the
following are the most characteristic associates of what was
termed by Elgee (1912), "Thin Moor " - Empetrum nigrum, Erica

cinerea, Vaccinium myrtillus, Potentilla erecta, Hypmum

cupressiforme (var. ericetorum) and Cladonia

Sometimes the Calluna has a dwarfed and downy life-form, as
for example, on the Kellaways Rock of the moorland between
Commondale and Danby. This may be a response to the very dry

soil conditions and the south facing aspect (one of the few
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in the.region), giving exposure to the sun and high evaporation
rates. On slight inclinations, especialiy where burning has

taken place, Vaccinium myrtillus becomes abundant, and Erica

tetralix is often sub-dominant on slightly damper areas of

similar association,

Some moorland areas have damper environments overall,

with three types distinguishable:- (a) Calluna-Nardus moor,

found at the plateau edge where the boundarv falls zway in
gentle inclinations, and also inland in some localities, for
example, on parts of Danby Low lYoor. Calluna is interspersed

with tussocks of Nardus, Erica tetralix, Juncus squarrosus,

"and Cladonia spp. growing on a slightly more humic podsol

than that of the Kellaways Rock, (b) Trichophorum caesnitosum

moor, localised, at badly drained sites on a bedrock of

clayey stale. The humus is still stallow but wetter, with

Trichophorum and Erica tetrzlix co-cdominant, Zriophorum

vaginatum, olinia caerulea, Juncus scuarrosus and Juncus

conglomeratus sub-dominant, (c) An intermediate tyvme between

(a) and (b) with Zrica tetralix as the chief species, followed

by Nardus, Trichophorum and Zriophorum vaginatum.

The moorland having a thin cover of glacial drift has a

slightly different floristic composition with l'oliniz caerulea
occurfing frequently among the Calluna, becoming cdominant in

a few localities, but never over wide areas.

A very distinct plant association' is found on burnt

moorland, or in local terminology, '"swiddens'. The Cleveland

moors are fired regularly at intervals of several years, and

the vegetation existing on burnt areas at any time is a

function of a number of factors. The nature of the soil,
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the plant associations present initially, the effects of
burning and the position with regard to slope and drainage
are important. Yhere fire passes over heather with the
wind behind it, the plants come again much earlier than if
burning has been against the wind, when a plant mzy be
completely destroyed, and reseeding of the areé necessary.
The first species to appear on a well burnt moor zre usually
lichens, liverworts and mosses. Cladonia spp. covers large
areas, and the principal liverwort under such conditions is

Lophozia inflata, Sphagnum papillosum develops in camper

habitats, and Pohlia nutans is also abundant, with, at a later

stage Polytrichum commune and Ceratodon purpurcus frecuently

found. The succession to higher plants is cuite ranid with

Calluna, Vaccinium myrtillus, Potentilla erecta, Juncus

squarrosus and Agrostis canina apvearing, Polytrichum being

the only remaining moss. Qccasionally, sward composed of

Agrostis canina, Aira praecox and Festuca ovina overspread

burnt areas, while, if it is very dry Erice cinerea becomes

dominant. In some swiddens.- Empetrur: nigrun czcn be found

interspersed with large spreads of Qumex acetosella.

(2) Slope Vegetation

Slopes in North Cleveland usually form the sides of the
dales and their tributaries, but also include the escarpment
and its foothills, therefore being in some ways transitional
to the lowland vegetation of the Cleveland Plzin. Slopes uere
vary much in altitude, steepness, form and direc@ion, 2ll of
which exert an influence on the vegetation and amount of
cultivated land that they bear. In some dales, the sides cre
reclaimed almost to the moor edge, in others fields extend

only half way up the slope. Varying lithologies and colluvial
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downwash produce differing soil types and plant communities
on different slope facets. The succession can range from

Calluna, on the upper parts, through intermediate types to

mature Quercus-Betula woocdland at lower levels. Perhaps the

most characteristic slope species is Pteridium aquilinum,

dominant over large areas with often only a few grasses, a

little Vaccinium and some Polytrichum growing beneath its

shade. A more open growth enables Agrostis canina, Festuca

ovina and Ulex spp. to form an understorey; and another common

association is mixed Calluna/Pteridium with moorland grasses

and Vaccinium myrtillus or Vaccinium vitis-idaea. The

escarpment proper shows well marked vegetational zonation,
Below the Calluna moor of the summit level is a band of

Vaccinium myrtillus, corresponding to the outcrop of

Estuarine Sandstones. Following this is Pteridium, covering
the Upper Liassic Shales, while the lower slopes, if unreclaimed,

show masses of Ulex europaeus with grassy interspaces, and if

there is a flattish, wet slope foot, Juncus prevails.

The slope vegetation, in contrast to the moorland plateau,
contains a tree and shrub component, albeit small. Elgee
maintained that the presence of bracken indicated the former
presence of trees and shrubs, a variety of which still can be
found on slopes in the area., The principal tree species are

Quercus petraea, Betula verrucosa, Fraxinus excelsior,

Alnus glutinosa and Pinus sylvestris, while Sorbus aucuparia

Crataegus monogyna and Ilex aquifolium dominate the shrub

components. Quercus and Betula often form fragmentary

woodland, with Sorbus and Crataegus frequent but not in

‘continuous stands. Pinus sylvestris is planted, and would
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seed well in open moorland if destruction by burning and
grazing could be avoided. The moorland contains small
valleys or '""gills", headwaters of the dales, here “uercus,

Betula and Sorbus are undergrown by Vaccinium, Calluna and

Pteridium, and the presence in some such associations of

Oxalis, Primula and Viola are indicative of more extensive

woodland in the past, the Callunetum not being yet able to

become completely dominart.

(3) Slack Vegetation

Cleveland generally lacks a wide range of vegetation
types, particularly those of true wetland habitats, However,
there exists here, an opportunity to examine most moorland
associations withiﬁ a limited area, where, owing to peculiar
topographic configufation, they are nearly all developed in
contiguity. Such sites exist in small valleys locally termed
""slacks', which represent the former channels of glacial
meltwater streams, The essential features of these are a
broad, flat, streamless, floor and steep sides. Within them

Calluna moors, Pteridium slobes, Sphagnum bogs, Juncus swamps,

Eriophorum-Calluna bogs, Erica tetralix moors and a number- of

intermediate associations exist., The majority of the central

parts of such features normally contain Eriophorum-Calluna noor,
with the absence of drainage and slight inclination giving

rise to an infilling of organic matter up to 6 metres thick

in places, but diminisﬁing quite rapidly in thickness in all
directions, with conseauent changes in plant comrunities,

due to both decreased peat depth and changes in bog hydrology.
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(4) Bog Vegetation

Apart from the ''slack" bogs, a very limited number of
localities exhibit mire vegetation., These sites are mainly
situated in the dales containing a mantle of glacial drift.

In these topogenous mires, Trichophorum Nardus and Eriophorum
L4

angustifolium are generally dominant, and along with Carex,

Vaccinium and Calluna support well developed organic deposits,
which, however, are in various stages of degeneration due
mainly to human interference. Grassland, with Molinia, ‘

Deschampsia and Agrostis dominating, is encroaching upon the

¢
margins of the bogs, displacing the normal succession found

there.

The vegetation of the Cleveland Plain is far less varied
than that of the moorland, which if not natural, is at least
evident over wide areas. The lowlands in contrast are largely
agricultural, with a high proportion of arable land. There
is virfually no heathland, and fen and bog communities
have been drastically reduced in the past few centuries by
drainage and :‘reclamation of the "Carrs'", where only isolated
pétcheg of badly drained, Juncus infested grassland remain
as evidence of former conditions. 'Woodland is quite well

developed, with Quercus, Betula and Fraxinus dominant, and

Alnus and Salix in wetter situations, A number of coniferous
plantations are found, some acting as windbreaks, particularly

on the slopes near to the escarpment.

The mosaic of vegetation at present existing in Cleveland
can be considered in two ways. Firstly, contemporary
environmental conditions support quite well marked categories

of plants. At approximately the same latitude and elevation,
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the Sphagnum bogé of Ireland are succeeded on the. Pennines by

Eriophorum bogs which yield finally in Cleveland to Ceslluna

heathland. The common denominator in this eastward movement
and changing plant communities is decreasing precipitation,
and if an extension is made across to the North Germeon Flain,
this type of eretical vegetation befomes more and nore
restricted with decreasing rainfall in an easterly direction
towards the continentzl interior. (Elgee, 1914. Osvald, 1949).
Secondly, the present day plant cormunities may or may not be
those which have aiways existed in particular loczlities.
Certain areas, for example, Urper Tecesdale, have been regarded
as refug@es for plants with a present cay sub-arctic
distribution whick have remained there ih their hrbitats since
_before the onset of the F“leistocene cold periods. (2ecllamy,
Bridgewater, larshall and Tickle, 1969. Squires, 1971).
Elgee (19C7) suggested that the North Yorkshire !'oors, !aving
not been subjected to glaciation over most of their area.
fulfilled a similar function. The present heathland was
considered by Elgee to contzin elements of an arctic flora,
living in an environment not dissimilar from that of Polar
regions. The rudiments of this cormunity lived on the
drift-free (i.e. unglaciated) areas cduring the I'leistocene,
spreading on the retreat of the ice to the remzining moorleanc
and lower ground. The natural vegetation of the unlands
therefore, was envisaged to be a heath formation, having
survived from pre-glacial times in a refugia, snreading and
developing a slightly more-temperate form in Late and Post-
glacial time, to assume its present distribution. Torest

cover, Zlgee contended, was absent, with trees and shrubs
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present only in depressions such as the '"slacks", where they
were subsequently choked by bog growth, leaving isolated
remnants that can be seen at present. The Cleveland Plain,
and some lower moorland, were accepted as carrying woodland,
along with the dales, though quite extensive heathland was
envisaged here alsa. Clearance of this vegetation was
ascribed to human activity, brobably in quite recent times.
These hypotheses were formulétéd before palynology, and its
inferences concerning the interpretation of vegetationai
chanées had developed. It was Erdtman (1927, 1928) who.
established that forests had covered most, if not all, of

the Cleveland area for much of Post-glacial time, and had

not been of the same composition throughout. Later researches,
notably thosé of Dimbleby (1962{ and Simmons (1969z), have
Sought to elaborate the findings of Erdtman, particularly with
a view to establishing the causes of forest disappearance,

and the development of the vegetation, for so long regarded

as natural over most of the region.

1.9 Human Settlement and Land Use

Although Cleveland has been a land surface for about
sixty million years, evidence of human occupation is- confined
to the relatively recent past, covering the last 10,000 years,
with the earliest cultures virtually non-existent, or at best,
poorly developed. Figure 3 provides a summary of the main
archaeological sites for pre-historic and early historic
time in Cleveland. The work of Elgee (1930) concerning the
regional archaeology, particularly that of the pre-historic
period, is now, quite naturally, dated as far as recent finds

and developments, but nevertheless remains the only comprehensive
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account of its kind. Later workers, for examrple ZNayes (1966)
have analysed the proslems of particular localities, while
Radley (1969) has provided the most recent ststement on &
single period, (the l'esolithic), otherwise work has been
confined to lists of sites and finds, many of them unpublished.
Eistorical aspects of settlement and' land use have received

attention from Jaites (1957), Farra (1961), Chapman 61) and

Mitchell (1965).

The Earliest Inhabitants

Palaeolithic man was.found quite‘widely in southern
Engiand, but he rarely ventured tb the north, A very early
Palaeolithic impleﬁent, (perhaps even pre-Palaeolithic in age),
was discovered on Eston !'oor (Zlgee, 1930) suggesting the
presence there, or nearby in the lowlands of Palaeolithic
man. A Yousterian implement found in the Urper Boulder Clay
of the region (a deposit of the last glaciation), has led to
- the correlation of this period with fhe '"ousterian culture,
as has been done at Cresswell Caves in Derbyshire, waere
}ousterian implements when related to the stratigraphy,
showed that the people lived before and after a period of

intense cold.

The accumulated evidence for-early man in the resion is
therefore not great. Jowever, several factors mzy have
combined to give this paucity of information. Since the
Lower Palaeolithic, two glaciations could have removed the
artifacts. Morth-east Vorkshire moreover, was neither a
producer of flint, nor possesses extensive deposits, so implements
can be expected to be fairly scarcely distributed. As a

consequence of this, other materials such as quartz and whinstone
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could have been utilised for such purposes, and being 'non

regular' have not been sought after. A peneral =zbsence of flint
may, also, have caused later cultures, for example, Neolithic and
Bronze age dwellers to rework the ones available, rendering their

recognition even more difficult.

As the ice of the last glaciation began to retreat
northwards, the bitterly-cold and very barren landscape of
southern Enpgland contained flourishing reoresentatives of
first the Aurignacian and then })agdelanian cultures, ire
limit of the wanderings of these cave-dwelling huntsren was
Cresswell, the environment there must have been intolerzably
cold, so it is not surprising that they did not venture north
to Cleveland. Reindeer antlers found at the base of two
peat bogs in Kildale, suggest from their relatibnship to
the stratigraphy, that these animals, whom such men hunted,
were living.there towards the end of this cold period as the

climate was, perhaps, becoming slightly less severe.

After about 8,000 B.C. it is known that the climate begzn
to improve, and the landsczpe began to become forest covered
(Godwin, 1956). The first culture to make an impact on this
environment was that of the l'aglemose people, well developed
in east Yorkshire, particularly in the Vale of Fickering at
Star Carr. (Clark, 1954). They were hunters and fishermen,
using distinctive harpoons made from reindeer bone, but
preferring a lakeside habitat rather than a cave. Star
Carr has been referred to an earlier phase of Post-glacial
time than the classic Maglemosian sites, such as those of
¥ullerup, Holmegaard, Svalrdborg and Lundby in Zenmarlk which

date from Boreal time. The settlement at Star Carr, dated
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by radiocarbon to 7638+ 209 B.C., has been considered to
belong to a late phase of the Fre-borezl period, with a
material culture representative of a transition phase between
Upper Palaeolithic and l'‘esolithic type, hunting in the
Palaeolithic tradition and l'aglemosian settlement forn being
found together (Clark, 1954). Cleveland has so far yielded
no remnants of MMaglemosian culture, but the recent discovery
of a complete skeleton of 3os primigenius associated with
charcoal, at the site of 2 former lake near "ildale village,
has given a radiocarbon date of 8,400+ 202 B.C. (Gak, 2707)
from its embedding material, suggesting some form of activity
here in early times, The moorlands, however, have given no

indication of being inbhabited by early '‘esolithic men,

The succeeding period of the }lesolithic, tlie Sauveterrizn,
occurring roughly between 8,000 - 6,000 B.C., also finds
little representation over the region. Zven though there is
evidence at most flint sites of components of this culture,
they, as yet, have not been isolated (Radley, 1969), and it is
to the late lfesolithic thaf the bulk of the flint finds of
this period are ascribed. Basically, they are regional
variations of the Maglemosian and Sauveterrian technologies;
together with representatives of a later cultural group, the
Tardenoisian type. At about this time, (around 6,020 B.C.),
the North Sea "land bricge" was in process of submergence,
and the easy access to this part of Britain by continexatal
peoples was prevented. The Tardenoisian culture was an
example, probably arising out of a mixing of previous peoples
and ideals rather than the results of a fresh invasion

(Radley, 1969). It was also characterised by its preference
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for an upland environment (at any rate for part of the year),

and a general hunting, food gathering and shifting nature.

The majority of flint sites are at heights of over 250 metres
.(820') 0.D. on sandy soil below peaty humus, and probably
represent the flint working and sometimes camping sites of men
who traversed the'moorlands before peat formation started,
presumably in a drier and foresteé environment. Siss Cross Hill,
on Danby Low Moor was the earliest discovered Mesolithic site in
Cleveland, Atkinson (1863), describing it as a Celtic flint
implement factory. Later iqvestigation there by Elgee in 1925,
showed it to be a Tardenoisian flint site. The implements occupy
the base of a peaty soil and the upper parts of the sub-soil.
Some 3 kilometres (2 miles) south-east of Siss Cross, another
smaller flint site of similar type was discovered, and other

less numérous finds have been made on Brown Hill, Commondale

275 metres (900') 0.D., Low Brown Hill nearby, and close to
Danby Beacon at 295 metres (975') O.D. All of these sites occur
on a 10 kilémetres water shed from Brown Hill to Danby Beacon,

which is capped by a considerable thickness of Kellaways rock,

whose distinctive landscape forming qualities have already
been discussed. The elevated and dry environment of this
outcrop is accentuated by the fact that it is surrounded

by wet moorland resting on impervious clays and shales.

The fact that Mesolithic flints are commonly found in such
situations probably reflects the preference of nomadic
huntsmen for drier and pérhaps more open and easier
traversable terrain. Elsewhere in Cleveland, Seddale, Barnaby,
Upleatham and Eston Nab have yielded Tardenoisian type

implements, and it is clear that Mesolithic people were the
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first consistent inhabitants of the area after the ice age,
moving mainly from ridge to ridge in the uplands, with
possibilities of some lowland settlements, all at a time
before peat formation had begun, and the area was quite well

forested, perhaps as late as 4,000 B.C.
The Neolithic Period

In north-east Yorkshire the éhief remains of Neolithic
man are of two kinds, stone axes and long barrows. The
period has been divided into an earlier age, dominated by an
axe culture and a later long barrow phase. However, axes
were used throughout the Neolithic and into the Bronze Age,
just as there is little doubt that Mesolithic man and his
culturé was contemporaneous with Neolithic activity in some
localities (Elgee, 1930). Many stone axes have been found,
especially in the Cleveland Plain at Guisborough, Great Ayton,
Yarm, and Seamer, and in the uplands on the Eston Hills
overlooking the Tees Valley, and near Egton in the Esk Valley.
The distribution shows that Neolithic man much preferred the
lowlands and valley environment, avoiding moorland whemever
possible, The Long Barrow culture did not affect the region,
the Neolithic herdsmen finding adequate pastureland on the
chalk and limestone of the Wolds to the south of Cleveland.
About 1,500 B.C., at the close of Neolithic time, Cleveland
must have had a small, scattered and cosmopolitan population
consisting of both Mesolithic and Neolithic cultural types,

as well as representatives of the ensuing period.




40

The Bronze Age

This period has been sub~divided in the area as follows:-
(Elgee, 1930, Hayes, 1963), (1) The Early Bronze Age c. 1700 -
1400 B.C. (2) The Mid-Bronze Age c. 1400 - 700 B.C.

(3) The Late Bronze Age 900 - 600 B.C. The early and late
phases of the Bronze Age were times of invasion, racial
amalgamation and social readjustment, the Mid-Bronze Age

a period of comparative security and stability during which

an insular culture became paramount,

In the Early Bronze Age there weré three distinct peoples
in various parts of the region. (1) Beaker people, (2) Stone
battle axe people, (3) Food vessel people, all to some
extent contemporaneous., Not much metal working took place
in the early part of this period, and stone axes survived
throuéh to the Iron Age in many isolated districts (Elgee, 1930).
Specimens of beakers have been found on the North Cleveland
Moors, their makers regarded as inva@ers from Holland and
Germany who entered the area via Whitby, a natural inlet on
an otherwise unindented coastline. Stone battle axes are
rare and their users do not appear to have been very
influential in the cultural evolution of the area. Food
vessels are more numerous, having been found on Guisborough
Stanghow and Eston Moors. It seems therefore, that Early
Bronze Age man was largeiy.a peripheral settler to the
moorland,.making his existence as a small farmer, a grazier

and near the coast,a fisherman,

The Middle Bronze Age is known as the Urn Period, the

inhabitants of which made the first serious attempts to live
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on the moorlands and in the dales. There must have been
quite a sizeable population at this time, over 10,000 Round
Barrows over the whole area indicate this, found usually on
dry elevated topography, but also in the lowlands. The heads
of Commondaie, Kildale, Sleddale and lLounsdale have marked
groupings of small Round Barrows, while larger ones run in
lines following ridge summits and marking ancient trackways
between settlement sites, Isolated barrows are found in the
Cleveland Plain, for example, at Hutton Rudby. Elgee (1930)
maintained that the rural economy of the Urn people was such
that they cultivated, and possessed small herds which grazed
on a small amount of grassland. Swine were probﬁbly more
numerous, finding pannage in the oak forests of the dales,
and goats important, browsing all year round, helping to
clear forest and scrub, and preventing tree regeneration by
gtripping off the vegetation. Goats provided the people with
food and clothing, and were easily fed on heather, ivy,
bracken, brambles, wood, bilberry and moss in severe winters.
Sheep were important and tillage included that of wheat and
oats. Urns have been found on Great Ayton, Kildale and Hutton

Moors, enclosures of the Urn people on Danby Low Moor,
Moorsholm and Kildale Moors, while Girrick and Eston Moors

and Easington High Moor contain remains of their defensive

sites,

Elgee (1930) also suggested that the moorland was clothed
with heather at this time and the climate was quite wet, with
the dales forested but with some grassland. Animals formed
trackways in this terrain which the inhabitants followed

leading them to game, springs, streams, fords, and clearings.
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As well as this they formed new ways both north-south and
west-east across ridges. ““hite Cross on Danby Low I’ocor

marks the junction of a major east-west route from .“hitby to
the moors north of Castleton, with another running north-south,
Also hollow ways, down which stock were driven towards springs
and pasture are quite frequent, being found on Tston *‘oor and
in Sleddale. Dimbleby (1961, 1962) states that agricultural
activity in this period was responsible for the deforestation
and subsequent desolation of the area. This ;ctivity, he
suggests, was mainly pastoral in contrast to the arable

farmers of the limestone hills to the south. Fleming (1971)
does not concur to this view, believing that they had a well
mixed farming economy, and di<d not merely turﬁ their animals
into the forest without making clearances from which to obtain
produce such as cereals., He points to the existence of many
stones in burial chambers of this period; forest browsing by
animals is not likely to have made these available, but soil
truncation by agricultural practice, followed by erosion

would do so. Cereal growing may not have been very successful
at the higher altitudes, giving a lack of evidence for it in
the landscape, where soil exhaustion would be quicker and
subsequent movement to a new area accomnlished auite repidly,
the clearin:s becoming covered with heather and not used

again., Fleming also examines the distribution of barrows over
the area, and attempts to estimate the population at this time,
A large number of barrows could mean either a large population
(not likely on poor quality land) or a long occupation (not
feasible really because of homogeneity of artifacts).

Barrows could have housed up to 10 people; a theoretical death

rate combined with a known group size and burial number is
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used to give a population estimate for the period. Also the
amount of land under grain needed to feed a population of
known size is postulated at around 2 acres per head. The
North Cleveland Moors have a barrow density of 1 per 100 ha,
in contrast to the high moors, where it is 1 per 250-5N0 ha.
A barrow cemetery of 3 would therefore have used 300 ha. of
land (this being the normal maximum cemetery size). On this
land unit, not all would be cropped. The trees would either
be felled or ring barked and left.to rot with planting taking
place between the stumps., By virtue of their poorer quality,
and from the estimates, the Central Watershed clearinys are
thought to have been exhausted four times as quickly as those
of the North Cleveland Moors, where overall a population of
under 1,000 occupied the area for 250 - 500 years. The
Cairnfields noted by Elgee (1930) on the lower moorland slopes
were established at the end of this period in an attempt to
keep cereal cultivation going in the face of increasing

grazing at higher altitudes.

There is not much evidence of Late Bronze Agé.invasion
in Cleveland, though some of the people came to the lowlands,
.perhaps assisting in the expulsion from there to the uplands
of preceding cultures, where they engaged in such activities

as outlined above, being mainly shifting cultivators.

The Iron Age

Until quite recently, there had been little indication
that this cultural period, from about 500 B.C. to around 70 i.D.,
had much impact in Cleveland. It is now known that settlements

were established in the district on Guisborough and Great Ayton
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Moors (Hayes, 1963), and inter-tribal warfare during the last
few centuries B.C. and first century A.D. led to the building
of Eston Nab Hill Fort. The inhabitants appear to have been
quite extensive farmers of a largely deforested landscape,
into which by the middle of the first.century A.D., Roman

invaders had come,

The Roman Occupation

The Romans, according to Elgee (1923), settled on the
Cleveland Plain quite intensively'but_largely avoided the
moorland. There were probably still representatives of the
Urn people in Cleveland in Roman times, when, certainly,
Romano-British settlements were important, as, for example,
at Kildale (Hayes, 1966). Mitchell (1965) subscribes to the
view that a good deal of the supposed 'Rémanisation' of the
Cleveland lowland is more strictly likely to be Romano-British.
However, there can be no. doubt that Roman influence generally
- was strong in the region, with cultivation on the lower areas
of wheat, barley and spelt, and grazing on the moorlands

important activities in this period, up to about 450 A.D.

Anélo-Saxon Settlement

Cleveland was an area of British settlement during
Anglican times, acting as a refuge against the Angles

made ' .
who budehexed their way to the most fertile lands in the
district., Wapley and Commondale Moors have settlements of
this age, and Celtic fields are numerous at the head of
Kildale, near Borrowby and at Wayworth, their chess board like

pattern of lynchets due to cross ploughing with foot ploughs

or oxen.
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Scandinavian Occupance and the Norman Conguest

Scandinavian invaders overran Cleveland between the
ninth and eleventh centuries A.D., with two main movements
into the district. (a) The Danes - post 870 A.D., Danby was
their centre, with other settlements in Eskdale and Cleveland,
(b) The Norwegians, who occupied the region in the tenth and
eleventh centuries. Kildale Church has yielded important
Viking relics with.many place names, "Gill", "Foss" and "Slack",
for example, originating at this time. The Scandinavian
settlement was interrupted by the Norman Conquest of 1069 A.D.,
which devastated the landscape and disrupted the inhabitants.
After this, the last major influx of people to Cleveland
began, with Norsé speaking colonists from the north-west
coast and Vale of Eden moving into the area and peacefully
resettling many of the old vills, establishing new settlements
plus cultivating open fields (Farra,1961). Vills were the
basic holdiﬁgs, according to the Domesday Survey. They
comprised one or more manors, with ploughland, meadow and
woodland, the population showing a remarkdble concentration
in settlements in the Cleveland Plain and the lower, boulder

clay covered upland.

The Medieval Period

Apart from the gradual evolution of the vills and the
open field system, numerous monasteries were established at
about this time in the twelfth century, and grew rapidly,
having an organised system of land exploitation, fully studied
by Waites, (1957). By the end of the thirteenth century six
monastic granges had been set up, and records show that the

area was developed primarily as grazing land for cattle and
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sheep, with arable farming assuming insignificant proportions.
The monks reclaimed moorland and cleared the remzining
vestiges of woodland on land free from ranorial restrictions,
often stafting at the scarn foot and working upwards to around
180 metres (600') O0.D. They were often assisted by the lay
farmers in a task which records incicate to have been
ieasible, encouraged and needed to sustain an exnpanding

population (Farra, 1961).

The monasteries were dissolved in 1539, and this marked
the beginning of a new phase in the landscape evolution of
the area, with four hundred years of monastic influence ending
and the lands of Guisborough and Thitby Abbeys being split
between lay tenants. A gradual closure of the open field
system was effected, with emphasis on pastoral activities
and moorland reclamation, again below 180 metres (600').
The higher moors were largely -inchanged but at lower altitudes,
for example, round ~anby and Tildale, moorlanéd enclosure toock
place, being well advanced by the early eighteenth ceatury.
As early as 1550, the Cleveland Plain is recorded as being
almost devoid of woodland and even hedgerows were relatively
rare (Mitchell, 1965), with enclosure commencing in many

localities.

Enclosure and dAgricultural Expansion

e wm e L S S

Enclosure, which had been in progress for two centuries,
reached its climax after 1750, with Acts of Parliament ensuring
that all open-fields and comron grazing land was exclosed.
it was virtually complete by this time in Cleveland, with

recourse to acts unnecessary in the majority of localities,
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and the landscape must have looked then, much as it does tocay.
The Industrial Revolution, followed by the Napoleonic Wars
caused intensification of the regions agriculture, to be
followed by twenty years of depression due to cheap foreign
food imports, all such activities reflected in chanzing land-
use patterns. Marshall (1788) and Tuke (18C0) wrote on the
region's agriculture, noting that wheat farming increased in
importance in the early nineteenth century, along with
noorland reclamation, anc, for the first time, the plantation
of trees, Mitchell (1965) regards Seamer and other Carr
areas in the Cleveland Plain to have been reclaimed about

1815, in the general expahsion of cultivated land, whose

upper limit was now about 260 metres (850') 0.D. in some places.
.The moorlands still remained largely untoucled, iowever, znd
aqcording £o Marshall (1768) were completely devoic of =zll

traces of woocland by this time.

The Last One ‘'undred Years

Cleveland deyeldped its own industrial history, especially
in the early nineteent® century with prosperous mines extracting
Jet, Alum, Shale, Ironstone and Coal. However, fortunately
for the Quality of an already much altered landscape, they
declined almost as rapidly as they had boomed, and have not
left a great and lasting visual impression over wide areas.
Undoubtedly, though, the earlier industrial processes utilised

any remaining, suitable woodland in their workings.

Two World Wars caused expansion of arable farming and

some moorland reclamation, with reversion to largely

pastoral activities between and after them. Afforestation




48
has been piecereal, and only since 1951, when the Forestry
Commission initiated the Cleveland Forest Scheme, have
serious attempts been made to restore something nearer the
natural landscape of the area. Jouglas fir, larch and beech
have been planted at low altitudes, and larch and red ozk at
higher elevations, mainly on poor quality land of valley sides
and the escarpment. Considerable acreages of moorland are
being left to revert from partial reclamation to pure heath,
with grouse rearing now far more important than agricultural
reclamation on the Calluna monocul?ure, in an area composed
of isolated farmsteads and hamlets. The relative agricultural
and industrial prosperity of the Cleveland Plain, and the
designation of the moorland as part of the INorth Yorkshire
Moors National Parl:, with emphasis upon workable multiple
land-use scihemes including agriculture, forestry and recreation,
may just serve to maintain an acceptable ecologically balanced

environment in the region.
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CHAPTER 2

SITE LOCATION AND ANALYTICAL TECHNIQUES

2.1 The Sites Investigated

The sites were chosen in order that a minimum number
should yield the maximum of information on the main problems
envisaged.in the elucidation of the ecological history of
what are, at present, two quite dist;nct environments within

a relatively small region.,

The basic principle was that of an altitudinal transect
from west to east across the whole region, using, as a
safeguard against the representation of a purély local
succession, pairs of sites wherever possible in each critical
locality, at which relatively uncomplicated hydroseres were
likely to have developed over a long period of time. Details
of each individual site are given at the appropriate point
in the text, and their locations can be seen in Figure 1.
Only comments upon their general distribution are appropriate

here.

As the whole region was glaciated at the Weichselian
maximum, theoretically, any site selected could have yielded
a complete record of ecological changes since that time.

The effects of the glaciation, however, were quite different

in the two major areas.

The Cleveland Plain has extensive depositional features,
with a hummocky form pitted with kettle-hole like depressions,
normally sites most suitable for analysis of long-term

ecological evolution. However, the majority of such localities
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proved unproductive, and in the event, only one adequate site
was found in the lowland. This was Seamer Carrs, near Seamer,
3 kilometres north-west of Stokesley, at an altitude of 70 metres
(225') O.D. 1In the absence of a comparéble site in the 60 - 90
metres O.D. category, an eastward progression to the main west-
east dale system of the Esk - Leven was made. This area is
also largely floored with glacial drift and stands some 100
metres higher than the lowland. Here two suitable sites were
found; the first, Kildale Hall, near Kildale village at 168
metres O.D. (550') 13 kilometres east of Seamer.Carrs, the other
‘Jest House Moss on the Esk - Leven watershed at the head of
Kildale 178 metres (585') O.D., 3 kilometres further east.
At both localities mamalian remains had been recovered from
the mire deposit's, and Bronze and Iron Age finds made nearby

upon the moorlands.

The North Cleveland Moorland plateau, averaging 210 - 250
metres O.D; (700 - 800') is largely devoid of glacial drift,
- with the resistant bedrock providing few opportunitieé for mire
development, apart from in erosional landforms of the ice and
its meltwater, which are quite widely distributed over the area,
as depressions of various dimensions. Two such sites were
examined, both occupying the sites of former glacial drzinage
channels. Ewe Crag Slack, 235 metres (771') O.D., on Danby Low
Moor in the west-central upland area, and Tranmire Slack, 198
metres (650') O.D., on Roxby High Moor in the eastern plateau area,
6 kilometres (4 miles) distant, were taken for comparative purposes
for this region, where numerous major archaeological finds

ranging from Mesolithic to Viking age have been made.
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The overall dimensions of the five site transect from
Seamer to Tranmire is some 30 kilometres, and the altitudinal

range from 70 - 235 metres.

2.2 Analytical Techniques

The majority of techniques employed in the research
were standard methods widely used in Quaternary studies, and
drawn from a variety of sources. Fuller discussions of such
methods can be found in Brown (1960), Faegri and Iversen (1964),
Kummel and Raup (1965) and West (1968), and only an outline of

the most important is given below.

Fieldwork Techniques

(1) Levelling and Distance Measurement

Levelling was carried out using a direct reading "Autoset"
level and tripod, and an alloy measuring staff graduated in
metres. No sites were near accessible Bench Marks, therefore
a fixed initial point was established, with all subsequent
levels relative to it. Levelling was primarily between
strétigraphic boreholes, while also taking in major relief
features of the site, using normal Foresight and Backsight

procedures to obtain the rise or fall of the ground between

two stations,

Distance measurement was also carried out asing the level
whenever possible, The values on the measuring staff
corresponding to the upper and lower interstadia of the level
at a particular station were subtracted from each other and
the difference multiplied by a factor of 100, giving the

distance in metres between the level and the staff. This is
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a very accurate method, and was found to be much quicker than
laying out a 60 metre linen tape between stations, especially
where fences or ditches had to be surmounted. For quite
permanent marking, and ready recognition of borehole sites,
stout, metre long bamboo canes were securely pushed into the
ground, with a small quantity of coloured plastic flagging

attached to them.

(2) Stratigraphical Investigatiohs

In fhe investigation of extensive fossiliferous deposits,
it is first necessary to carry out a programme of boring to
determine their extent and stratigraphy. In order to do this,
linesjof boreholes were made and the stratigraphy reconstructed.
Once the stratigraphy was clear, the best site for detailed
sampling was.chosen, normally where the deposits were most
completely preserved and thickest. Care  is needed because
.Quatefnary sediments are apt to vary considerably over short
distances, single borings often giving unreliable evidence as
to the whole sequence. As no open faces were available,
sampling was done exclusively with hand-operated boring
equipment of two types. The majority of samples were taken
with the Soil Survey of Scotland Peat Sampler (Jowsey, 1966).
This consists of a 50cm. long and 5 cm. diameter half cylinder,
.fixed to a sampler head and which can be rotated through 180°
£o retain a half cylinder of peat or other sediment against a
central anchor plate. The cylinder rotates around the anchor
plate which projects into the sediment on one side, this
remaining stationary while the cylinder rotates. A fin plate

at right angles to the anchor plate bisects the core obtained
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if that particular side of the plate is outwards when the
sampler is pushed down to the required depth by means of a
rigid string of rods topped by a handle. Each rod is one
metre in length, and is attached to the next by a coupling
enclosed by a sliding tube held in piace by spring loaded

pins.

Some sampling was done with perhaps the best known and
most widely used general purpose peat sampler, the Hiller
borer, This consists of a sampling chamber 50 cm. long and
3 cm, in diameter, with a 2 cm. wide slit down one side.

This is covered by a close fitting outer tube, with a similar
slit bordered by a 3 cm. wide flange set at a tangent. .in
inner removable liner of liéht alloy can be used inside the
chamber so that cores obtained can be removed and taken

back intact to the laboratory (Thomas, 1964). The attachment
system is identical to the Soil Survey of Scotland Bampler,
but the Hiller is pushed down not straight, but with a slightly
clockwise pressure when the outer tube is covering the slit in
the inner tube, thereby keeping it closed. On reaching the
required depth the sampler is rotated anticlockwise, the two
slits coincide and the chamber opens. Two or three further
anticlockwise rotations cause sediments to be scooped by the
flange into the inner tube. Clockwise rotation closes the
inner tube off again and the sampler is withdrawn, maintaining

a slight clockwise pressure to keep it shut.

Whereas the Soil Survey of Scotland Sampler causes very
little disturbance of the sediments as they are sampled, the

Hiller borer, by the nature of its scooping action, does so,
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and is therefore less useful for analytical samples. However,
it is more robust than the Jowsey borer, being able to
penetrate quite stiff clays and gravels by its screwing action,

the Soil Survey Sampler being intended for soft sediments only.

\

Apart from the merits of individual samplers, certain
other general principles were adhéred to in sampling, It was,
whene&er possible done at a time of year when pollen production
and dispersal was low,‘(i.e. late winter and early- spring and
autumn and early winter). The components of the vegetation
surrounding the sampling site were noted so that if
contamination was suspected by recent pollen at any level it
could be related to local conditions. When boring, a sod was
first removed from the surface and the first samples taken
from it. Thereafter, sampling was carried out in alternate
holes at successive depths, the distance between the holes
being only a few centimetres, thus lessening the risk of
carrying material down the borehole, and preventing the
disturbance of sediment where one sample ended and the other
began, All samplers were pushed down vertically, and not
screwed unless absolutely necessary, thereby keeping the
holes clean, preventing distortion of sediment and ensuring
that any errors in sampling depth were minimal. Before
sampling took place, as much detail as possible was recorded
about the sediment, for example, type, macro-fossils, colour
and degree of humification. Samples from the Soil Survey of
Scotland borer were taken by placing a 50 cm. length of plastic
guttering over the half cylindrical sample on the anchor plate
and carefully sliding it off. It was then marked with its

appropriate depths and securely wrapped in polythene sheet
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or aluminium foil, labelled again for safety, sealed and

removed to the laboratory.

Hiller samples from the liners were removed, marked and
sealed in exactly the same way; or alternﬁtively, samples at
required intervals taken directly from the chamser with a
spatula and placed in small glass tubes which were then

stoppered and labelled for laboratory examination.

All sampling devices, after each sample, were thoroughly
'cleaAed and sluiced with water (a much easier task with a
'So0il Survey type sampler than a Hiller), ready for the next
50 cm. core. In the laboratory, the samples were checked,
recorded and then stored at a low temperature and in damp
conditions. Damp samples are fatr.more easy to work and a’

low temperature reduces any chemical changes tending to occur,

(West, 1968) .

The designation of various sediment types (Figure 4)
was 1arge1} based on determinations made in the field, but
also laboratory examination was used in some cases.

The systems used by various authors; principally Osvald
(1923, 1949), Troels-Smith (1955), Faegri and Iversen (1964)
and West (1968) have been drawn upon in the categorisation
of the following sediment types. The nomenclature used in
describing flowering plants is that of Clapham, Tutin and

Warburg (1962), and bryophytés that of Warburg (1963).,

Carex Peat Telmatic and eutrophic, dominated by sedges of

terrestrial and semi-terréstrial habitats.,
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Eriophorum Peat. Telmatic or terrestrial and oligotronkic,

characterised by the shiny fibrous . tussocks of Eriophorum

vaginatum.

Phragmites Peat. Limnic and eutrophic, formed by reed swamp.

Wood Peat. Terrestrial and eutrophic, usually the result of

a fen community, and dominated by alder or birch wood.

Sphagnum Peat, Telmatic or terrestrial and oligotrophic,

containing either or both of pool and hummock forming species

of Sphagnum bogs.

Brvophyte Peat. Telmatic and eutrophic, containing fen

mosses such as Acrocladium, Aﬁlacomnium, Campylium,

Cratoneuron, Dicranum and Drepanocladus, as well as Sphagna,

principally S. plumulosum and S. sub-secuncum.

fine Detritus liud. Limnic and eutrophic comprising not

~easily identifiable plant remains and few fruits ancd seeds.

A deep water deposit.

Calcareous larl, A limnic and eutrophic detritus mud rich

in shells and shell fragments, with a fairly coarse matrix

containing sedges and bryophytes.

Lacustrine Clay }ud. Limnic and eutrophic., A mixture of

clay and organic remains of a fairly fine texture.

Solifluction Clay. Limnic or terrestrial. A coarse, sandy

and often tenacious deposit with sub-angular pebbles and

few organic remains. A product of a periglacial environment.
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Colluvium. Terrestrial. Fine and silty with organic remains,
and sometimes stones in the matrix. Formed under temperate

conditions by slope processes.’

Sands and Gravels. Limnic or terrestrial fluvio-glacial

deposits formed either under ice or near its margin.
Bedrock. A Pre-Quaternary, solid basal deposit.

Disturbed Sediment or Made Ground. Any sediment which has

been altered in some way, usually by human influences such as

removal, redeposition, drainage or cultivation.

Laboratory Techniques.

(1) The Preparation of Samples for Pollen Analysis

Samples for pollen analysis are chemically treated to
remove the organic and inorganic material which obscures the
pollen. Not all samples need every treatment, and a fairly
wide range of procedures are available for use on any particular
sediment. The methods used were those from which the best
results were obtained, with certain basic principles common to
all treatments. Using freshly made-up reagents for each set
of preparations, all samples were washed and centrifuged
between each treatment. 50 ml. polypropylene centrifuge tubes
were used in.nearly all cases, except for samples which did not
settle, when 15 ml. ones were better., Centrifuge times for
50 ml. sample tubes were about 4 minutes at 2,000 R.P.M.; for
15 ml. tubes, 2 minutes at 2,000 R.P.M. Before centrifuging,
the tﬁbe-contents were mixed with a small quantity of distilled

water and balanced in pairs for the process, after which

N
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decanting of the éupernatant liguid was carefully done in

one movement over a sink, in the fume cupboard.

The methqu outlined below, were used in analysis :-

Breaking up of Sediments

A. DNon-siliceous ''uds and Clays
Put a small quantity of the sample on a watch glass and
add dilute HCI. If effervescence occurs, put about 2 grams

in a beaker with 7% HCl, stir -adding more acid until the

reaction is complete. Frothing can be minimised by a jet of

acetone or alcohol, Filter as for Peats.

B.

(1)

(2)

(3)

(4)

Peats

Put about 2 grams of sample in a boiling tube (normally
eight were used in each,preparation), with about 20 ml.

of 10 NaOH. and break up with a glass rod. Place in a
boiling water bath until a thorough breakdown of the sediment
occurs, with no lumps remaining. This may take up to one
hour.

Filter the suspension through a fine sieve (100 mesh to

the inch) into a centrifuge tube.

Wésh the remaining sediment towards the centre of the

sieve with distilled water, Invert sieve, washing the
sediment into a Petri-Dish. Label and keep the residue damp
for subsequent examination.

Centrifuge and decant supernatant liquid, which at first
will Be dark brown, indicating the presence of a lot of

humic material.
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(5) Repeat washing, centrifuging and decanting until the

supernatant liquid is clear.

C. DSiliceous Samples

A combination of mefhods A and B or one of them, may

be a prerecuisite to this process, or a fresh sample could

be used.

(1) To the residue of a previous process, or to about 1 ce.
of material placed in a polypropylene tube, add a small
quantity of HCl. and mix thoroughly.

(2) Add to this % of a tube full of 60%L “ydrofluoric fcid (XF).

(3) Boil gently in a-water bath for as long as is required to
effect a breakdown of tne silica content {30 minutes to
12 hours).

(4) Carefully balance tubes with 7% ICI1, centrifuge, decant
into fume-cupboard sink, flusking with water constantly.

% tube of 7% HCl,mix, place_in a water-bath, »eat for

5 - 10 minutes, but do not boil the sample. This removes

(5) aad

colloidal silicon dioxide and silicofluorides.

(6) Centrifuge and decant.

{7) Add a few drops of NaCOH to the mext washing water, helping
the neutralisation of the acidic treatments. Centrifuge

and decant.

The Preparation of_Follen lounts

(1) From the final resicdue of any of the processes A - C,
carefully expel all water by inverting the tubes over a

filter paner to drain.
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(2). When this is complete, add 3 - 6 drops of glycerol to
each tube with a glass rod, and 1 drop of basic aqeous
fuchsin stain with a pipette.

(3) Thoroughly mix the contents of the tube, using an electric,
pressure contact mixer,

(4) Transfer preparation to a small stoppered tube labelled
appropriately.,. | |

(5) Make up one slide, using a glass rod to streak out the
material on to it, then gently lower a large (22 x 40 mm.)
coverslip over it. Examine under a low power microscope
to see if the preparation is satisfactory. If this is so
it can be sealed around the coverslip edges with paraffin
wax or gail polish. This prevents drying out, and
movement of. material on the slide, which is then labelled,

and is ready for pollen counting.

Po@len Counting

A Zeiss, "Standard WL'" Research Microscope with a mechanical st
stage was used for counting,which was carried out at a
magnification of X 400 for routine work, and up to X 1200 for
grains requiring critical resolution with oil immersion media.
Anisol was used as immersion liquid, drying quickly and being
easily removable from slides and lenses, though tending to
dissolve nail polish sealing. For Phase-Contrast work, a
Vickers Research Phase-Contrast unit was used with a Vickers
""M15C" Reséarch Microscope, enabling detailed sculpturing

patterns to be seen on individual pollen grains.

Counting was done by traversing the length of the slide

" at a standard interval of 2 field diameters apart. The whole
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slide was traversed to compensate for the uneven distribution
of pollen grains on microscope slides. (Brooks and Thomas, 1967).
Alnote of the number of traverses was kept, thereby giving a
rough idea of the pollen frequency on each slide. Each grain
identified was recordéd on a Multi-Unit hand operated Counting
Machine, later being transferred to a sheet with the main pollen
types printed on it, as a total number of grains. Traversing
was continued until the requisite number of grains were
encountered, this sometimes involving several slides per

sample, Positions of unkno@n grains were marked with Indian

| ink, and a note made of the mechanical stage co-ordinates for
that point. At the conclusion of each count, the slide was
traversed quickly at a lower magnification for the possible
presence of isolated grains not recorded in the main count;

and finally, attempt was made at unknown identifications.

The Pollen Keys of Faegri and Iversen (1964) were used,
supplemented by that of Erdtman (1966), and the various
specialised keys for problématical faxa, for example, that of

Oldfield (1959) for the Ericales and Birks (1968) for Betula

nana .

The Pollen Sum and the Pollen Diagrams

The basic principle of pollen analysis involves the
expression of the relative frequency of pollen grains as percentage
of a total. The variations of these percentages may be followed
through the section of a deposit, and give a quantitative
expression of the changes in the vegetation cover during the
period of its formation. It has been assumed that pollen

grains are evenly distributed and that their absence from a
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surface indicates that the species in question did not occur

at that time in that locality. However, as the science of

palynology has progressed, considerable thought has been given

as to the validity of such concepts, and reference to the
work of M, B, Davis (1960, 1963), on the statistical theory
of pollen analysis, and H, Tauber (1965), on problems of
differential pollen dispersion and the interpretation of

pollen diagrams, provides examples of such research frontiers.

The basis for all calculations is the pollen sum, this
should comprise all anemophilous species that are part of the
plant communities under consideration, and from it, peréentage
frequencies are worked out (Faegri and Iversen,1964). In the

research undertaken, with the main aim the elucidation of

'regional environmental conditions in both Late and Post-glacial

time, two types of pollen sum were used. Firstly, for‘the
relatively low pollen frequencies characteristic of Latg-
«glacial deposits, and related to the generally open habitats
of this period, a total pollen sum of at least 300 dry land
pollen grains was used (including all trees, shrubs and herbs,
excluding pollen of aquatic plants and spores of pteridophytes
and bryophytes) . The purpose of such a sum is to ensure a
balanced indication of the types of vegetation that existed

at local and regional level at this period. Secondly, for

the forested environments of Post-glacial time, when pollen

production was high, a sum of 200 total tree pollen was used.

(including Pipus, Betula, Ulmus, Quercus, Tilia, Alnus,

Fraxinus and Fagus, excluding Corylus and Salix). Problems
of over-representation at particular sites were considered,

particularly in relation to Betula and Alnus pollen, but it
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was felt that their total exclusion.from the suﬁ, when there
was evidence of their existence from macro-fossils at a
limited number of horizons only, was not warranted. Any such
exclusions must be consistent throughout the work, for

unweighted comparability, and this would have been impracticable.

Percentage results of analyses are best expressed in
the form of a diagram, Diagram format varies from author to
author, but a basic coﬁponent are horizontal lines representing
the percentage of each species at a particular sample level.
Each horizontal line is called a pollen spectrum, with a
pollen diagram consisting of a number of such spectra from
different vertical levels, The diagrams from Cleveland have
been drawn on the "Resolved" pattern (Faegri and Iversen, 1964),
in the form of "saw bladeé“, as the main aim was inter-
regional comparison, where finer details (as revealed well
by "bar" d@agrams),.are'less important than general features.
At the left hand side of each diagram, is a stratigraphical
column showing the nature of the deposits analysed, while at
its right extremity a composite diagram based on a Tree/Shrub/
Herb/total pollen sum has been drawn, No original data tables
are appendixed, the contents of such tables are difficult to
grasp, publication of both tables and diagrams is costly and,
in the view of the author, unnecessary in the case of the

former.

Pollen Analytical Zones

Consistent and careful zonation of pollen diagrams is
essential, and it is usually based upon a scheme relevant to

the particular area of study. For north-east Yorkshire,




64

Dimbleby (1962) and Si:mons (1969a) have followed the

scheme of Godwin (1956), related to England and Vales,

though Siwmons zoned his later Post-glacial deposits according
to his own system, based upon indications of human activity.
Earlier, Godwin and waller (1954) established a regionzl
vegetational history for the Vale of Pickering area, using

the scheme finalised by Godwin (1956), and the present
research follows this in Iarge part, as it khas similar
objectives, though there is a local sub-division of combined
zones VIIb aznd VIII in the Post-glacial, and of Zone II in

the Late-glacial.

lYacrofossil Linalysis

Plant macrofossils are mostiy derived from vegetation
growing locally, near the site of deposition, either actuaily
in situ, or from a short distance away, where they may have
been brought by running water or solifluction. They are
thus good indicators of local envirogmental changes through
time, and can be used, together with microfossil evidence, to
build up a more complete picture of past landscapes. This
was considered an important part of the work in Cleveland,

and the following methods of analysis of macrofossils were

used :-

Sieve Fragment Examination

S ———

The me.terial which would not pass through a 130 mesh
sieve during pollen preparation was retained for analysis

under a low power (X 6 - X 10) binocular microscope. Any

preserved plant fragments were removed using a small paint




65

brush or a pipette, and temporary slide mounts made for higher
power examination, In this way fragments of moss, seeds,
fruits, wood and charcoal can be identified with the aid of

keys such as Dixon's 'Student's Handbook of British }losses'

(1954), Katz, Katz and Kipiani's 'Atlas and eys of Fruits

and Seeds occurring in the Quaternary Teposits of the U.S.35.R.!

(1965) and Korber-Grohne's 'Key to sub-fossil Juncus remains'

(1964).

Extraction from Fresh Material

(1) Break up lumps of material along the bedding planes
and pick out any leaves or large moss stems.
(2) Put small pieces of material into a2 basin and cover

with either 10% "WNO, or 5% NaOH. The former is suitable

3
for plant tissues, the latter for finely comminuted muds.
Leave in a fume cupboard for 1 day, stirring occasionally
until all the lumps h;ve broken down,

(3) Remove any seeds or other fossils that have floated to
the top.

{(4) Put zbout 2 ml. of the sediment on a 100 mesh sieve,
and wash until the vashing water becomes clear. Coarse
detritus may recuire = larger mesh sieve (about 35 mesh
to the inch), placed above the finer one, the 2 fractions
being examined separately.

{5) Tip the fractions into dishes, add water and lift out
seéds,_fruits, and other identifizble remains using a
fine paint brush. Magnification of the remains with a

low power binocular microscope may be necessary for this

purpose.
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(6) Collect identifiable remains on a damp filter paper in
a Petri-dish. |

(7) After identification (using the appropriate lLeys and
type collections), the remains should be stored in
small tubes in a mixture of glycerine, alcokol and

formalin, and labelled for future reference.

Radiocarbon Dating

Radiocarbon dating was carried out at the Radiocarbon
Dating Laboratory of Galushuin University, Tokyo, Japan,
by Professor X. Kigoshi. Two samples,.the ages of which are
quoted in the relevant parts of the text, were dated. The
calculation of age is based on the half life of carbon 14,
5568 years (Johnson, 1966), with the error in years, the
standard deviation, calculated from the counted number of

beta rays, and the reference year for all dates, either on

the BP or BC/AD system is 1950,

Additional Technigues

These mainly took two forms. Firstly, field collection
and recording of such data concerning the physical landscape
of the region considered necessary to sunplement incivicual
.site data. Secondly, literature searching for documentary
evidence of the evolution of both the physical:and cultural

environments of the area.
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CHAPTER 3

+]

RESULTS O INVESTIGATIONS

[y

This chapter consists of systematic descriptions
of the results obtained for each of the five sites,
together with a specific outline of the ecological

evolution of each and its environs.

Stratigraphy and Pollen Analysis at Seamer Carrs

Seamer Carrs are situated some 10 kilometres
(6 miles) south of Teeside and 2 kilometres {1 mile)
north-west of Stokesley, occupying a hollow in the drift
of the Veichselian glaciation at just below 77 metres
(225 feet) O.D., well within the ice limits of this
glacial period which are found around York 70 kilometres

(45 miles) to the south (Figure 1) (Plate 1).

Tovogranhy

The landforms in the neighbourhood of Seamer
consist of a series of well déveloped WEW-EME trending
sand anc¢ gravel mounds underlain by a redcish boulder
clay. The most southerly and distinct of these runs
from near Hilton (NMZ 466115) to the east of Szamer
taking the form of mounds of outwash separated by slight
but quite externsive hollows, some of which coitain an
infilling of sediments., Elgee (1908) and ladge (1935)
suggested that the whecle complex of features here was
morainic, marking a stage in.the retreat of the last
ice sheet. Land (personal comnunication) considers

that the deposits around Seamer belong to one
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glaciation of the Late Weichselian, with the landforms
mainly drumlins with intervening hollows, some of
which are kettle holes. |

Seamer Carrs (Figure 5), occupy an irregularly
shaped depréssion within this belt, extending some
1,000 metres from west to ezst. At the western end
an arm éxtends north-south for 600 metres, but the

majority of the site is less than 200 metres wide at

any point.,

Vegetation

At present, the Carrs are under improved land,
mainly good quality damp éastufeland but with some
arable also. The network of drains known locally as
"stells') and their pumping station, the peaty topsoil
-and a small area of Juncus infested grassland, provide
the only evidence as to their former status. Local
farmers state that within the last century 2 vast morass
clothed with sedges existed here, and “"itchell (1965)
suggests that attenpts to reclzim the Carrs were made
aBout 1815. Coreron (1£878) noted that "Seawer Carr
(once a lake), near Stokesley in Cleveland, when being
drained was found to be a .peat bog from whicl numerous
skulls and antlers of deer and the skeleton of a large
ruminant are said to have been -dug out. A stone ce;t

was also picked up'.

Stratigraphy

The stratigraphy was explored by weans of two
intersecting transects of levelled borings, one
nor th-south through the central part of the western

arm, and one west-east across the middle of the
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‘deposits (Figure 5). The results are presented in
Figures 6 and 7.

The basal deposits are sands and gravels
overlain by a pink sandy clay, up to 3 metres in.
thickness., This clay is tenacious and very nure but not
varved. Inﬁercalated with it are two distinct black
organic horizons separated by a mixed organic-inorganic
deposit. The lower organic horizon is the thinner, about
12 cm. as compared with 15-20 cm. for the upper one, the
-mixed facies is about 25 cm. thick. The clay becomes
coarsef and greyer above the organic layers, when
bryophytes are also found and it eventually passes to
25-30 cm. of organo-mineral mud. The topography of
fhe basin is such that about 300 metres from the western
edge, a mafked north-south ridge exists, thereby diviéing
the hollow into two parts. The basal clays are similar
in both parts but they thin towards the ridge where they
are overlain by about a metre of calcareous marl with
mollusca remains. This deposit also occupies a similar
stratigraphic position over much of the western 'arm'.
The interfaces of these sediments are quite well marked
but give no indication of breaks iﬁ sequence., They are
followed by a fine textured brown detritus mud which fills
the majority of the basins, attaining a thickness of over

6 metres and containing fruits of Potamogeton, nodes

of Equisetun Carex and Menyanthes seeds, and Betula

twigs. Above this is a peat, with Phragmites dominant,
twigs of Betulz, Alnus and fruits of Corylus present,
especially near the margins of the mire. Two well

marked bryophyte-rich horizons occur within this peat
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containing a wide variety of 'rich fen' mosses such

as Acrocladium spp. and Scorpicdium scorpioides and some

Sphagnum spp. The first'bry0phyte layer is at the
junction of the detritus mud and Phragmifes peat,
the second mid-way through the peat, immediately
prior to the wood .remains, the overall thickness of
this deposit is about 2 metfes.

The majority of the mire is sealed by a layer of
made ground, 30-50 cr. thick. On the south and east,
howéver, where the adjacent slopes are steepest, a
covering of colluvium is'presehf and extends some
150-200 metres across the site to z depth of about 50 cm.
gradually thinning towards the central areas.

The maximum depth af deposit recérded at Seamer
Carrs was in excess of 11 metres from a site with an area

of about 6 square Xkilometres.

Pollen and }acrofossil Analysis and Chronology

Samples for pollen and macrofossil analysis were
collected in 1969. The stratigraphic record from
field and laboratory examination of the sediments of

the sampled site is :-

0-30 cm. Made ground.
30-62 cm. Pure yellowish-brown bryophyte peat with

Sphagnum plumulosum, S. teres, S, palustre, Acrocladium

giganteum, A, cordifolium, Cratoneuron comrutatum,

Scorpicium scorpioides, Aulacomnium palustre, Crepanocladus

aduncus, Dicranum scoparium and Pleurozium schreberi,

e it

occasionzl Carex, l‘olinia and Ericoid fragments with

charcoal. _ s

62-164 cm. Mid-brown damp Phragmites neat with Carex spp.,




L 338n913

(OZ6L )
S3HIIN GL6 006 628 =13 29 009 [ osy L€ 00E T gee osit [/ [}
00 o o ° SIULIN €Ly
o 20 o4 o
L 2 o
o £ °
2.9 2y
) o
o, S0 °
L/ o o
o o opo 1
o © Q o
o, © o J
o o ° o
L J [ J [o]0
o, c e Ll J o, J
° ° o
o X o o,
[y > o o 0 6
9 3 © ° o
9, % ° o °
9, o ° °
o © o, o 8
9 © off/ina o
° % o ° "“..._ o
o, SR o ° .."x.. 3 o
T
0, 0 -] o L
-] XX ) o /P o
o to! o®. CJ o . d
° & o of1/1R 3 °
° 5K o o o 94
9 o\ o ’ o o
o ° oYX OXS °
o o - o X (o
” % 0 ° e ers ° S
4 K¢ o o
[} A -] o
° h..x » J 05 o
° o3 % X o .
o/ BRRRRL * 0K ".““_. °
° 3 o
° o
° A o €
A o
A Yo
A o
Mo 24
AN° "
o
-]
] Y
°
o

1S3Im

iSv3 '

OML LD3SNWAL
SYUVD ¥IANVIS



71
Molinia and Wood. Bryophyte remains locally abundant
62-130 cm, especially Sphagnum spp.
164-190 cm. Pure mid-brown bryoohyte peat with

Acrocladium giganteum, A. cordifolium, Aulacomnium

palustre, Drepanocladus fluitans, Dicranum scoparium,

Sphagnum teres, 5. sub-secundum, 5. squarrosum,

S. fimbriatum, S, tenellum, S. cuspidatum,

S. plumulosum, S. acutifolium, S. rubellum, S. palustre,

Pleurozium schreberi and Polytrichum co—-mune.
197-603 cm. Mid-brown fine detritus mud with abundant
Crara oospores and Carex stems. Scattered remains of

Phragmites, seeds of Juncus sub-nodulosus and

Sporangia. of Thelypteris sp., seeds of Schoenoplectus

LR )

lacustris, Nymphaea sp., Carex spp. . Twigs and leaves

of Betula and Alnus, Leaves of Sphagnum sub-secundum

(var ggptorta) and Acrocladium cuspidatum. Leaves of
Salix spp.

603-634 cm. Coarse greenish-grey clay-mud with EEEEE
oospores, Carex stems and leaves of Campylium stellatum.
634-754 cm. Fairly coarse grey sandy clay'becoming finer
textured and pinker with deptﬁ. Carex and.gggggg remains

abundant. Leaves and stems of Cratoneuron commutatum,

Campylium stellatum, Acrocladium cuspidatum,

A.’giganteum and Drepanocladus aduncus frequent.

754-773 cm. Black organic mud with Chara oospores.

Leaves of Acrocladium cuspidatum at 755 cm., Salix sp.

at 770 cm.

773-790 cm. Organo-mineral mud with Chara oospores and

Carex stems.

790-805 cm. Black organic mud with Chara oospores,

Fruit of Betula pubescens at 792 cm,
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805-940 cm, Stiff, pink sandy clay with Carex remains

in upper 20 cm. Truit of Betula nana at 810 cm.

940 cm. + Sands and gravels.,

One pollen diagram (Figure 8) covers the Late-glacial
period only and is based on a total pollen sum; the
other (Figure 9) covers both the Late-glacial and the

Post-glacial periods and is based on a total tree pollen

sum,

The Late-Glacial Period (Fipgure 8)

Here it is vnossible to recognize the following

Zones and Sub-Zones : -

Zone I (940-810 cm.)

Herbaceous dominance, particularly Gramineae

and Cyperaceae, also Empetrum, Artemisia, lumex acetosa,

Polemonium, Helianthemum, Thalictrum and Rubiaceae

(Galium). Shrubs important, especially Betula naha,

Salix, Juniperus and "ippophae, the latter two increasin
g

towards the upper zone boundary. Arboreal pollen low
and represented by a steady Betula but fluctuating

Pinus curve. Aquatics quite important with Potamogeton

and Typha latifolia well represented Lycopodium clavatum;

L. selago, Ophioglossum and Polypodium notable pteridoohytes

Pediastrum present in low values.

Zone II (810-750 cm.)

Can be sub-divided thus :-

IIa (810-788 cm.)

An overall rise in pollen frequency, also in the




SEAMER CARRS

PERCENTAGES OF TOTAL POLLEN

§ 5§ § 8§ 3

§ 5 & & B

(RLJ. 1970)




73

proportion of trees and shrubs to that of herbs. Tree
birches comprise about 20% of the total pollen sum.

Salix expands, Betula nana, Juniperus and Fippophae

decline, ‘so do Gramineae and Cyperaceae, Filioendula

rises to about 10% of total pollen, Potamogeton and

Pediastrum expand. Lycopodium annotinum recorded.

IIb (788-773 cm.)

Tree birches fall to about 15% of total pollen
and Betula nana expands slightly, as do Juniperus and
Hippophae near the upper sub-zone boundary. Gramineae

and Cyperaceae re-expand, Tilipendula declines but not

to Zone I proportions. Rubus chamaemorus recorded.

ITIc (773-750 cm.)

Arboreal pollen increases to 300 of total pollen.

Tree birches expand along with Pinus. Betula nana, ]

Juniperus, Hippophae, Gramineae, Cyperaceae and most

herbs decline, but Filipendula increases sharply.

Aquatics, especially Potamogefon, Sparganium and Typha
latifolia expand, and Fediastrum increases.

Lycopordium inundatum recorded.

Zone III (750-622 cm.)

Herbaceous dominance, but arboreal pollen remains

about 20% of total pollen. Setula nana, Salix,

Juniperus and Hippophae re-expand. Erhedra distachya

recorded near the upper zone boundary, where Juninerus

rises. Gramineae and Cyperaceae the dominant herbs,
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with Empetrum, Tubuliflorae, Artemisia, Caryophyllaceae,

Cruciferae, Ranunculaceae, dosaceae, dAumex, ‘Thalictrum

and Tilipendula. Armeria, Epilobium, Drosera, Jasione

montana, Polemonium and Rubus chamaemorus recorded.

Pteridophytes expand, Aquatics present in small amounts.

The Post-Glacial Period (Figure 9)

The following zones and sub-zones are discernable :-

Zone IV (622-600 cm.)

Total pollen frequency increases, especially
arboreal pollen, principally of Betula,. with Pinus the

only other tree present. Betula nana gradually

declines to extinction. Non arboreal pollen frequency
low, only Rosaceae retaining significant values.
Aquatics and Pediastrum expand. Corylus appears near

the upper zone boundary.

Zone V (600-562 cm.)

Lower zone boundary characterised by a massive

increase in Corylus which soon attains 250% of total
tree pollen values. Betula declines, but Pinus expands
near the upper zone boundary. Ulmus and Luercus
immigrate and begin a slow expansion. 'Herbs make up
less than 10% of total pollen.' Aquatics, especially

Eg}amoquon and Mymphaea important, as are Eilicales and

- Pediastrum.

Zone VI (562-370 cm.)

Can be sub-divided :-

Via (562-506 cm.)

Betula dominant with Pinus expanding., Ulmus
reaches 407 of total pollen, Quercus expands more slowly

and Alnus first appears. Corylus values still exceed
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. 200% of the total tree pollen sum, Ferbaceous

values low. Myriophyllum alterniflorum, Sparganium,

Potamoseton and Nymphaea dominate the aquatic components

and Thelypteris and Filicales those of the pteridophytes.

Federa recorded.

Vib (506-444 cm.)

Betula and Pinus retain their VIa porportions but
Quercus now exceeds Ulmus in frequency.  Alnus
expands slowly and Corylus remains impor tant.

Herbaceous components low. Ilex recorded.

Vic (444-370 cm.)

Corylus falls and Betula and Pinus give way late

in the sub-zone to a GSuercus - Ulmus - Alnus dominated

spectrum, Fraxinus first appears near the zone's

conclusion. Lonicera recorded.

Zone VIla (370-225 cm.)

Lower zone boundary characterised by a marked

rise of Alnus. Betula and Pinus decline and Guercus,

Ulmus and 4lnus dominate, Tilia and Traxinus accounting

for about 10% of arboreal pollen. Corylus expands

early on then cdeclines. Aquatics well represented,
especially Nymphaea, Ei;ioghxllgg spp., <ypha spn. and
Pptamogeton. Filicales, especially Polyoodiu,

abundant. Hecdera recorded.

Zones VIib and VITI (225-20 cm.)

The two main zones not separable, but the whole
characterised by 3 sub-zones :- -
A

Sub-Zone A (225-114 cm.)

4 clear Ulmus fall marks its opehing followed by

-
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a recovery, Tilia follows a similar but less distinct
pattern. Fraxinus expands and Fagus first appears.

Corylus fluctuates. Gramineae, Calluna, Tubuliflorae,

Ranunculaceae increase in frequency. Plantago

lanceolata and Rumex acetosa first appear. Sambucus

and Sorbus recorded.

Sub-Zone B (114-36 cm.)

Lower boundary marked by a secondary Ulmus decline,
accompanied by a lesser one of Tilia which disaprears
temporarily near the upper boundary. Arboreal pollen
decreases overall but Fraxinus expands. Corylus

continues to fluctuate at fairly high values. Calluna,

Gramineae and Cyperaceae expand, and Cerealia first

appear and increase along with Artemisia, Chenopodiaceae,

Cruciferae, Plantago lanceolata, Carvophyllaceae spp.,

Potentilla, Ranunculaceae, Rosaceae, Rubiaceae,

Rumex acetosa, Succisa, Umbelliferae and Urtica.

Pteridium and Filicales increase in value as does

Sphagnum. Plantago coronopus and Rubus chamaemorus

recorded.

Sub-Zone C (36-20 cm.)

Arboreal pollen by now only 10% of total pollen.

Herbaceous dominance especially Gramineae, Cerealia,

Calluna, Ericales, Tubuliflorae, Liguliflorae, Dianthus,

Lychnis, Plantago lanceolata, Filipendula, Potentilla,

Ranunculaceae, Rosaceae, Rubiaceae, Rumex acetosa,

Succisa and Urtica. Centaurea cyanus, Cirsium,

Spergularia, Stellaria holostea, Humulus/Cannabis and

Vicia present. Pteridium reaches its maximum

development. Aquatics and Sphagnum well represented,
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Igg_ggxplopment of the Mire System

The large, deep, steep-sided double basin which
at present contains Seamer Carrs, contained a lake for
much of their evolution. This lake had its origins at
the melting of an ice block left after the retreat of
the Weichselian ice from the Cleveland Plain. This
ice block occupied and mouldeq the depression, which,
when it melted, became a. centre for a rapid
accumulation of a considerable thiékness of inorganic,
fine pink clay, derived from the surrounding sands and
gravels, by solifluction processes., At this time, the
general instability and lack of vegetation cover on the
surrounding slopes, was paralleled by a very impoverished

lacustrine flora consisting mainiy of Potamogeton spp.

with a fringing swamp comprising largely of grasses and
sedges. A distinct environmental change is indicated
by two layers of black organic mud separated by a mixed
inorganic-organic facies, the pollen content indicating
the presence of the Al'erdd interstadial divisable

into two phases of cuite well developed woocded conditions
around the sites, separated by one of a reversion to a
minor solifluction phase. Throughout this period,
however, the lake flora and the fringing swamps and fen
was much more diversified. Pollen and macrofossil

evidence shows that Potamogeton, Alisma plaptagoraquatics,

Myziophyllum alterniflorum, Hymphaea and Nuphar grew in

the open water, with Typha latifolia, Sparganium,

Hydrocotyle, Filipendula, Thalictrum, iwubus chamaemorus

joining Gramineae, Cyperaceae and Salix in the fringing

complex, where hynnoid mosses also found a suitable

habitat.
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The coarse sandy clay overlying the organic mud
is the product of another phase of solifluction and
referable by its pollen coﬁtent to Zone YII, In
spite of a reversion to quite treeless conditions in
the landscape, the lake and its surrounds appear to

have maintained a2 fairly consistent base-rich flora,

but Gramineae and Cyperaceae came to dominate once

again along with dwarf pteridophytes in the swamps.
Bryophytes flourished here also, particularly late in

the period; no doubt the constant supply of freshly-
eroded inorganic matter, rich in bases, was a good
substrate for their development. . gradual cessation
of solifluction is suggested by the overlying deposit,

a clay-mud with appreciable organic matter, especially
sedges, Juncus and bryophytes, laid down at around the
opening of the Post-glacial period, over much of the lake
bed, except in those areas near the gravel ridge where
then, and for a good deal of succeeding Fost-glacial time,
somewhat different conditions existed. liere, a quite
pure shell marl was deposited in the shallower water
which must have existed near the barrier. Over the
majority of the basin, during the greater part of tﬁe
Post-glacial, extensive deposits of a fine detritus mud
were formed, in which there are few plant remains,
sugéesting a deep water origin in a lake which still had
no major outward drainage. Of the minute organisms .
there is a continucus record for Chara spp. and

Pediastrum, and a wider range'oi floating and submerged

aquatic pollen types are present, The densely forested
landscape around wouldhave been reached from the open
water through a quite luxuriant fringing swamp and

fen-carr where Phragmites, Carex, Schoenoplectus lacustris,
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Sparganium, bryophytes, Thelypteris, Salix, Betula

and Alnus flourished, without meking any appreciable
reductions in the extent of the lake right through the
climatic optimum and well into Zone VIIb. The effects
of human activity were already being shown in the pollen
diagram when a quite distinct change ir the environment
took nlace. The water level was reduced, and a

Phragmites dominated reedswamp covered much of the former

lake area. Eryophytes of the rich fen variety

(Acrocladium, Avlacownium, Cratoneuron, Scorpidium,

Drepanocladus, Dicranum, as well as Sphegnum plumulosunm

and Sphagnum temellum) were abu::dant arouns the fringes,

where fen-carr z2lso expanded somewhaf, but never managecd
to colonise the whole mire. Lecent drainage and
agricultural operations rave made the succession above
this very difficult to elucidate. A layer of colluvium
has been deposited from the surrounding slopes on the
south and east of the Carrs, presumably as a result of
anthropogenic activity in fairly recent times, and
remnants of Juncus in the southern part of:- the north-
south 'arm' of the deposit,suggest that when they were
finally reclaimed they were primérily a fairly base-rich
reedswamp, with some areas of well developed fen carr

at its margins, all of which has now disapneared.

Vegetational History in the Seamer Area

T-e earliest pollen assemblages for Seamer Carrs
represent Zone I of the Late-glacial period, when the
majority of the land vegetation was of a very open nature
and consisted of unstable communities of dwarf shrubs and
herbs. Trees were of minor importance, only Betula and

Pinus existed, both in very low frequencies, and the

-
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latter probably the result of transport from distance,
where pine was already established. (There is no
evidence, eifher'biological or climatic, to indicate
that Pinus could have existed in north-east Yorkshire

at this time). Of the shrubs Betula nana, Salix,and

later on, Juniperus and Fippoph@e (probably present
throughout, but unable to flower due to snow patches
(Iversen,1954) until later in the period), were most

important, Herbs were dominated by Gramineze, Cyperaceae,

Empetrum, Artemisia and dumex acetosa. A variety of

dampland and dryland habitats must have existed, with
dwarf pteridophytes also well represented on the
unstable.spreads of fluvioglacial material and Boulder
Clay in the Cleveland Plain which were being subjected
to fairly severe periglacial action at this time.

The first significant change in vegetational
composition occurred in Zone Ila, when, after a sharp
increase in the amounts of Juniperus and Hipnophde tree

birches expanded, along with Filipendula (regarded by

Iversen (1954) as indicating an increase in
temperature in Lete-glacial times). Herbaceoﬁs plants
still retained a major importance however, with an
overall more complete development than in Zone I,
accentuated in Zone ITb by a very slight recession in
tree development due to some retrogressive local or
regional factors of the envifonment. Juniperus and
HiEEtha% showed increased development after this
interruption to the interstadial succession, as did

Filipendula, and they were followed by a further

extension of trees, principally Betula, but now perhaps

some Pinus also. The overall mosaic of vegetation
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must have been something akin to Iversen's (1954)
conception of 'park-tundra', with scattered patchés
of tree birches and a large expanse of guite luxuriant
herbaceous and shrub vegetation, occupying the localities
around the lakes and fringing swamps, most suited to
them, where organic deposits were being formed.

Zone IIIl saw a reversion to something like the
vegetation which existed in Zone I. Herbs and shrubs
once more achieved dominance but trees did not recede.
to their élmost non-existent earlier status, Open
conditions with unstable soils and equally varied and

unstable plant communities once more were present.

Dvarf shrub-heath, with Betula nana, Juniperus,

Hipnophae and Empetrum apoears to have been widespread.

The steppe like character of the environment is indicated

by the presence of Ephedra distachya (Gams, 1927) ;

Polemonium and Helianthemum illustrating the presence of

base rich fresh soil conditions produced by the
solifluction processes.,

The cessation of Late-glacial time, with the
ending of mass-movement and commencement of organic
matter accurmulation on land was once more preceded by

an expansion of Juniperus, Hippophae and Filipendula in

response to a climatic amelioration, Trees now
colonised the open landscape with some rapidity,
especially Betula, but there must have been some areas
where habitats remained much as they had done in Zone III,
if perhaps more fully developed. Pinus was also present
in small amounts at this early Fost-glacial stage, its
consistent curves suggesting that here at least it was

now probably a genuine. component of the vegetation
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rather than a long distance intruder, most likely
confined to sandier soils, of which there would have
been plenty in the Cleveland lowland at this time.
Zone V saw this development of birch forests joined
by a massive extension of Corylus which must have found
an abundance of suitable habitats to colonise, which
birch had not already covered. It was joined soon by
Ulmus and Quercus, which too expanded into favoured
localities, indicating that there were expanses of
base-rich soils available on the boulder clay areas.
The open conditionsof Zone IV must by now have been
severely reduced, with only the areas fringing the
mires remaining as such. The deve lopment of a mixed
decirduous forest continued throughout Boreal time,
with Ulmus making up a very high proportion of it in
this area. Pinus increased in value during Zone VI,
but did not achieve dominance, though Corylus was
important in the vegetation cover, Towards the close

of Boreal time, Quercus, Ulmus znd an ever increasing

proportion of Alnus cdominated the forest components
Fraxinus -nd Tilia immigrated, and found restricted but
suitable places in which to become established and begin
a steady expansion. The Atlantic period (Zone Vlla) |
opened with Alnus reaching a maximum of extension, (due
presumably to an increase in precipitation zbout this
time), and a corresponding rise in the water tables,
especially in the streah and lakeside habitats. The
other deciduous forest components expanded quite fully
throughout the period of the climatic optimum lezving

only the immediate surroundings of the mires as open

habitats.
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Zones VIIb and VIII saw the initiation of the
first major changes in vegetational composition since the
end of the Late-glacial period. It is divisible into
three main sub-zones, each with rather similar
characteristics, The first changes occurred soon
afjer the start of Sub-Zone A when certain tree species,
notably Ulmus and Tilia were reduced in amount, to recover
latef, with Fagus first entering, and Fraxinus expanding
in the arboreal sector. This was accompanied by the
reappearance in small quantities of open habitat plants,
such as Gramineae, and Calluna, and the first appearance

of Plantago lanceolata, suggesting a shift in the

ecological balance and openings, albeit temporary, of
the forest cover, presumably under human influences.

A main factor of this period was, in spite of a small
decrease in tree cover, the regenerative power of many
of the tree species, It was left to a second decrease
in Ulmus and Tilia, marking the opening of the second
Sub-Zone, B, to signify the commencement of the first
lasting clearances of trees. Although phases of
regeneration are shown, there was a more widespread
general decline of trees, with shrubs also beginning

to be affected, and open habitat types (weeds or
clearance indicators) showing sustained expansions into

cleared areas, Cereal pollen, mainly Triticum dicoccum

and Hordeum is first recorded, and weeds of both
arable and pastoral agricultural practices, (such as

Plantago lanceolata, Artemisia, Chenopodiaceae,

Cruciferae, Rumex acetosa, as well as Gramineae, Calluna

and Pteridium) show that increasing acreages were being

given over to either crop production, pasture or being
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left fallow or waste, with tree regeneration reduvced,
and a more open landscape resulting though in a somewhat
fluctuating étate. Sub-Zone C stows that the
activities being carried on in late B were intensified,
with further indications of agricultural activity in

the expansion of cereals, now mainly -ordeum ond Secale,

L= ]

Humulus-Canpabis.'T. and Cirsium. Pastoral ectivity,

with Plantago lanceolata, Pteridium and Gramineae, is

also.indicated, and Calluna expansions suzgests that
trees and shrubs, by now quite drastically reduced in
extent, were to some degree even in the lowland,

replaced by a form of heath association.

Stratigraphy and Pollen Analysis at Kildale Hall

The Fildale Mall site (M2 609097) is situated
near the village of Kildale, and is about 100 metres
north of Xildale Hall, and between it and the River
Leven. It is about 13 kilometres (8 miles) east of

Seamer Carrs, and 3 kilometres (13 miles), west of

West “ouse (Figure 1) (Flate 2).

Topography .

Cameron (1£78) described a peat deposit exposed
in a railway cutting close to i"ildale St;tion. It was
circular in shape, 4.3 metres (14 feet) at its maximum
thickness, thinning in all directions. It was = tough
pale brown wood peat from the lower part of which

remains of Rangifer tarandus (Reindeer) and Cervus

elaphus (Red deer) were recorded. Beneath the peat was

a sandy underclay about 60 cm. thick (2 feet), the base

of the section being formed by 4.6 metres (15 feet) of
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pale marly sand with abundant mollusca remains, the
whole deposit resting on thé Yiédle Glacial 3ands.
Cameron concluded that the deposit was not of any
great antiquity and was probably connected with the
moat of the old castle which formerly stood nearby.

Barrow, in the North Cleveland Geoldgical
Memoir, (1888), regarded the Kildale section as,
"perhaps the most interesting peat deposit in the
district", (p. 73) A large hollow in the tlicdle
Glacial Gravels was stated to contain a calcareous
marl formed in the bottom of a hollow by the growth
and decay of Chara, and mollusca such as Planorbis

nautileus, Limnea peregrz and Psidium pusillum.

Above this was a sandy underclay overlzin by 4.3 metres
(14 feet) of peat, from the lower parts of the latter
antlers of.Reindeer and Red-deer were obtained.

Fawell (1900) discussed the Kildale deposit in
relation to one at Stokesley, on the bank of the River
Leven, .10 kilometres (6 miles) to the west. A similar
stratigraphy was recorded and the conclusion that a
small tarn of relatively recent age had existed.there,
surrounded by "scanty forest growth'.

Erdtman (1927, 1928) in his study of the Cleveland
Peat Deposits, referred to a ceposit at Iildale from
which faunal remains had been recovered, and which lay
on a moraine. According to Frank Elgee, who assisted
him, "it could no longer be observed in its entirety",
however.

In 1968 during field drainage operations on an
area of'damp pastureland t§ the north of ilildale Hall,

peaty marl was brought to the surface by excavators,
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and the skull, a horn and a part skeleton of an
animal was discovered embedded in it, Subsequent
systematic'investigations revealed more scattered
disarticulated bones.of the same animal. The whole
assemblage has been identified by r. R.F. "ayes of
Hutton le Hole, and Vr., R. Close of Baysdale as a

specimen of Bos primigenius.

- -

The area of the finds must be close to the deposits
described by Cameron et al., yet on superficial
examination there.was no trace of them. Glacial
deposits fill this part of Xildale, ovgrlying Liassic
Shales. They are associated just to the west of the
village with a morainic complex (Kendall, 1902, 1903,
Gregory,1962). Kendall regarded the Kildale moraine as
marking the maximum invard limit of the Vale of York ice
in the glaciation of the area. Behind this morzine, a
pro-glacial lake was formed, extending through to Lealholm,
where another moraine marked the eastward limit of the
co#stal ice into Eskdale, and impouhded the lake. At
some stage, a barrier was formed af West House, with Lake
Kildale between the Xildale moraine and the West Fouse
watershed, and Lake Eskdale between Yest House and the
Lealholm meraine. Gregory rejected these hypotheses
on the grounds that a number of features in Fildzale can
be interpreted as sub-glacial rather than sub-aerial in
origin. The Vale of York ice got up to 305 metres
(1,000 feet) O.2. on the flanks of the Cleveland
escarpment, and as far-south as York and Escrick; it
is almost certain therefore to havé gone through Zskdale.
Gregory's Escrick limit is a moraine near Castleton

10 kilometres (6 miles) east of Kildale, and he
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regards the Kildale compnlex equivalent to the York
moraine stage. The recession to Kildale of the
skdale ice lted to the form;tion of a moraine at the
margin of the active ice in the Vale of York, The
deposits described, and sought, must have occupied a
kettle-hole in this complex, perhaps dissected by
railway building when the geological surveyors were

working in the area.

Stratigraphy

The vegetation of the area gave no indication as
to the present or former existence of large scale
organic deposits, being mainly improved pastureland.

In the area around Kildale Hall, two levelled
transects of borings were made, intersecting as shown
(Figures 10 and 11). A north-south line through the
area of bone finds, revealed little more than could be
seen in the drainage ditches; Basal sands and gravels
overlain by 10-15 cm. of tenacious dark blue clay, -
followed by 30 cm. of well humified compact, silty,
Carex peat (in the upper layers of which the bones were
found), are succeeded by 25 cm. of very impure peaty marl,
and 20 cm. of Carex peat with wood remains. The highest
~undisturbed Lorizon consists of about 50 cm. of tough
wood peat with abundant Betula and Pinus fragments, the
top 25 cm. or so having been -subjected to drainzge, peat
cutting-and cultivation for a large number of years.

A transect from west to east revealed the same
stratigraphic detail for 50 metres from the most
westerly boring, and 80 metres from the most easterly

one. Intervening, there are 30 metres which provide a

quite remarkable contrast, however. Here, the upper
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limit of the basal sands and gravels falls very steeply,
from about 1.5 metres below the surface, to nearly
6 metres below, In the small, deep, steep-sided hollow
thus formed, a succession of the following is
encountered. Approximately 4C cm. of very stiff, silty
clay, grey in colouf, is overlain by up to 3 metres of
wet, pure, cream-coloured calcareous marl wiéh mollusca
and bryophyte remains., This is covered'by about a
metre of stiff, silty grey clay and succeeded by a
stratigraphy almost identical in type and thickness to
that described for the area around this depression.

The maximum depth of deposits encountered at
this site was 5.45 metres (17.5 feet). It cannot be
the one described by Cameron et 21., because a ridge of
" sand and gravel exists between it and the railway;
but its overall dimensions, and thicknesses of the clays

and marl, are very similar to those enumerated in the

early literature,

Pollen and Macrofossil .nalysis_and Chronology

Samples for pollen and macrofossil analysis were
collected from 3ite (A) in 1968 and from Site (B) in

. 1970,
The stratigraphy appropriate to the -pollen diagram

for Site (A) is :=
0-30 cm. Disturbed sediment.

30-53 cm. Compact, tough, mid-brown wood peat with

abundant remains of Betula and Pinus. Carex remains

throughout. Leaves of 3phagnum papillosur 35-53 cm.,

S: cuspidatum at 40 cm., S. teres 50-53 cm.

53-65 cm. 7ell humified dark brown Carex peat with

"Molinia stems. Sporangia of Thelypteris sp. at 56 cm.
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Leaves of Sphagnum rubellum 56-59 cm., S. pzpillosum

at 56 cm, Occasional fragments of Betula.
65-82 cm. Impure peaty marl, slightly calcareous, with
Carex and Molinia remains, diatomaceous spicules and

mollusca fragments, Leaves of Lphagnum papillosum

68-71 cm.

82-98 cm. Very well humified Carex peat with silt,

especially in the last 10 cm. Skeleton of Bos
primigenius &§2-85 cm. Charcoal, (pfobably Betula and

Ericales), 82-90 cm.
98-106 cm. Tenacious, silty grev clay with some

Cyperaceae remains.

106 cm. + Sands and gravels.,

The stratigraphy corresponding to Site (B) .indicates :-
0-25 cm. Disturbed sediment.

25-45 cm. Compact, tough, mid-brown wood peat with

abundant remains of Betula and Pinus. Carex stems and

Sphagnum papillosum leaves abundant,

45-58 cm. Well humified dark brown Carex peat with some

Briophorum vaginatum. Leaves of 3Sphagnum papillosum and

S. teres at 55 cm,
58-138 cm. Impure peaty marl, with Carex spp., Chara
oospores and mo!lusca fragments. Leaves of Sonagnum

papillosum, S. plumulosum, S. teres, and Campothecium

nitens 60-75 cm.

138-190 cm, Stiff, silty grey clay with occasional Chara
oospores and twigs of Ericaceae.

190-496 cm. Pure, soft, wet, yellow calcareous marl.

Mollusca remains, bryophytes and Chara oospores throughout.

Leaves of Sphagnum teres at 220, 260 and 300 cm.,

Paludella .squarrosa at 260 cm., Camptothecium nitens at
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220-460 cm., Acrocladium giganteum at 260 cm,

A, cuspidatum at 370 cm., Drepanocladus aduncus at

370 cm., Cratoneuron commutatum at 300 and 480 cm.

Campylium stellatum 400-490 cnm. Silt 320-390 cm.

496-545 cm. Tenacious silty grey clay with angular
stones., Occasional Czrex fragments.

545 cm, + Sands and gravels,

The pollen diagram for Kildale Hall (A) site is
based on a total tree pollen sum (Figure 12) and

indicates that the following zones are present :-

Zone IV (97-85 cm.)

lierbaceous and shrub dominance; with only 15% of
arboreal pollen, Pinus and Betula only representing
the tree component early in the zone. Near its
conclusion Elggé and Quercus are found and Corylus

first appears. Salix, Gramineae, Cyperaceae, xmpetrum,

Tubuliflorae, Liguliflorae, Filipencula, Xosaceae and

RQubiaceae have high values throughout and Ruméx acetosa,

‘Ranunculaceae and Succisa later in the zone., Potamogeton,

Sparganium, Lycopodium clavatum, Polypodium, Thelynteris

and Eilicales present. A adiocarbon date for the peat
encasing part of the Bos skeleton (at 84 cm., the level
at which the Zone 1V/V boundary occurs), yielded

10,350 ¥ 200 3.p : 8,470 f 200 B.€ (Gak - 2707).

Zone V (85-64 cm.)

Near the lower zone boﬁndary a rise in arboreal
pollen frequ-=ncy occurs, Pinus declines with Betula
becoming dominant. Throughout, fluctuations take place
with Pinus and later Betula increasing in importance.

Ulmus, Quercus and Corylus expand slowly, 3alix values
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high, but non arboreal pollen declines generally.

Early i:;: the zone Gramineae, Cyperaceae, Empetrum,

Artemisia, Filipendula, Umbelliferaec and Rosaceae

important and l'elampyrum recorded. Figh values of

Thelvpteris and i

Zone VI (64-30 cm.)

Can be sub-divided :-

" V1a(64-47 ca.)

At the lower boundary Betula falls and Pinus

expands -% Salix declines but

later re-expands together with Gramineae, Cyneraceae

and Filicales. ~edera recorded.

VIb (47-35 cm.)

Pinus - Corylus dominance. “uercus and Ulmus

increase, Betula declines. Alnus, Fraxinus and Tilia

immigrate. Salix and other non arboreal pollen decline

except for Rosaceae, Tubuliflorae and Umbelliferae. Calluna

recorded. Trees and shrubs iccount for 85% of the total

pollen sum.

Vic (35-30 cm.)

Fraxinus expand, and trees assume dominance.

Zone VIla (30-28 cm.)
Lower zone boundary marked by an Alnus rise and =2
decline of Pinus and Betula, a Quercus dominated spectrum

taking over.

Kildale MHall (B) covers the Late-glacial period and is

based on a total pollen sum (Figure 13).  The following
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zonation is suggested :-

Zone I (520-496 cm.)

"erbaceous dominance. Betula and Pinus the only

arboreal pollen, Betula nana present, Juniperus

appears and ekxpands near the upper zone boundary.

Gramineae, Cyperaceae, "mpetru~, Artemisia, Epilobium,

Rubiaceae, Rumex acetosa and Saxifragaceae constitute

the majority of the herbs, Selaginella recorded.

Potamogeton and Pedéastrum expand near conclusion of

zone .

Zone IT (496-190 cm.)

Can be sub-divided :-

Ila (496-395,cm.)

Increase in totzl pollen frequency, especially of

tree birches. Pinus and Betula nana decline.

Arboreal pollen about 25% ;f total pollen. Juniperus
déclines then expands again, Salix showing an opposite
trend. Hippophae recorded. Eerbs of Zone I generally
decline but Gramineae values remain high, Filipendula,

Polygonum bistorta, Alisma, Typha latifolia, Botrychium

and Thelypteris recorded. Pediastrum expands.

11b (395-335 cm.)

A slight fall in arboreal pollen. Halix
re-ekpands, Juniperus continues at quite high values
then declines. Hippophae increases. Herbs comprise

70% of total pollen with Cyperaceae, Empetrum, irtemisia,

Tubuliflorae, Lychnis, Cianthus, Chenopodiaceae, losaceae

and Umbelliferae dominant, Nuphar and Nymphaea recorded.
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IIc (335-190 cm.)

A rise in total pollen frequency with arboreal pollen
about 504 of the sum. Betula most important. Pinus

increases also, Salix, Juniperus and Eipponhae decline,

Filipendula expands but most herbs show reduced

frequencies. Succisa recorded. Selaginella, Equisetum,
Lycopodium clavatum and Polypodium important pteridophytes.

Alisma and Potamogeton dominate the aquatic component,

Zone IiI (190-140 cm.)

The opening of the zone marked by a drop in arboreal

pollen and an increase of Betula nana, Juniperus, Salix

and Hippophae. Gramineae and Cyperaceae dominate the

herbs, while Empetrum, Artemisia, Tubuliflorae,

Ranunculaceae, lumex acetosa, Saxifragaceae and Thalictrum

occur frequently. Helianthemum recorded. Aquatics

expaﬁd near the upper boundary. Botrychium, Selaginella

and Eilicales important pteridophytes.

The Development of the lMire System

The mire system at Kildale Hall originated in a
kettle hole, formed by the melting out of an ice block
of Weichselian age, emberlded in the fluvioglacial
gravels filling this part of Kildale. In the deep,
but quite small hollow thus formed, the first deposit,
a stiff, dark grey clay was the result of the extensive,
and intensive, solifluction processes operating
immediately after deglaciation, The landscape around
the kettle hole(s), containing open water and a boor

lacustrine flora (Potamogeton is the only acuatic in

the Zone I pollen record), consisted of some fairly

poor swamp species, dominated by grasses and sedges,
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"but with some Filipendula, Epilobium and Salix.

This lasted until the climatic oscillation of the
Aller¥d interstadial, when a distinct environmental
change for the area is.recorded in the depositional
seguence. The warmer climate led to the formation
in.the lake of a very base-rich marl, with

abundant Chara, Pediastrum and nmollusca. The lake
was fed by springs and base rich ground water from the
glacial deposits, the deposition was rapid and in quite
deep water. Apart from a more aétive lacustrine

environment, pollen of Numphaea, Nuphar, Alisma plantago-

aquatica and Potamogeton indicate a richer flora; and

of Typha latifolia, Polygonum bistorta, Filipendula,

Epilobium, Thelypteris, Lychnis flos-cuculi, Umbelliferae,

Thalictrum, Succisa and Equisetum, a more varied reedswamp
and fen covmunity, to which Salix and perhaps even Retula
contributed, along with the rich fen mosses, Paludella

squarrosa, Camptothecium nitens, Cratoneuron commutatum,

Campylium stellatum and Acrocladium cuspidatum. A

minor change in the succession was effected in mid-zone II,
when more silt was washed into the basin, presumably a
result of the slight fluctuation of the climatic factors
back towards a cooler environment. This, however, was
only a temporary feature, and did not feally affect

much, the rather luxuriant lacustrine, and extremely open
fringing vegetation types, which quickly recovered. This
recovery was fairly short lived though, and a second,
tenacious, silty clay containing Carex and ericaceous
fragments illustrates the effects of the Zone III cold
period on 'the mire system. The clay, again a product

of solifluction, accumulated over the whole area,

especially in the deeper hollows, sealing off the marl;
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its thickness and composition indicative of the
effectiveness of the periglacial action, in what
is known to be a relatively short chronological period
(Godwin, 1956). The vegetation returned to something
akin to that of Zone I, with grasses and sedges,
accompanied mainly by Thalictrum and isolated
occurrences of Salix dominating. The cessation of
solifluction, and the opening of the Fost-glacial, saw
organic matter accumulate once again, especially at
the lake site, where a marl began to form. The impurity

of this with much Carex, Sphagnum and fragmentary

mullusca remains, sucgest a much less effective lake

system, more likely an ill drained swamp, though

Pediastrum, Potamogeton and Myriophyllum polien increase
in amounts, implying that there were still some patches
of open water. Reedswamp, dominated by Sparganium, and

fen, with Salix, Thelypteris, Filipendula, Umbelliferae,

Lycopodium clavatum and Lychnis were present, and the

expanding Boreal forests of birch and pine, began to
encroach at its margins. The essential feature though
was the openness of the site, which no doubt influenced

the presence of a skeleton of Bos primigenius and

associated charred wood within the marl - silty peat
complex; and from the encasing material of which, a
Radiocarbon date of £,4C0 B.C. was obtained. It

seems highly likely, that at this time, the Kilcale site
was an ideal feeding and watering place for such

animals, (the remains of a Reindeer and a Red deer have
been recovered from the upper clay and marl interface),
and a focal point for the people who hunted them in
Boreal times. This hydroséral stage existed, with minor

modifications, (mainly an expansion of shrubs and trees
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adjacent to the lake site), until late Boreal time,
when quite suddenly, the lake dried up, passing from
a silty sedge deposit, to an environment where trees,

principally 3etula, Pinus, and later ._.lnus, established

themselves, towards the time of the Boreal/Aflantic
transition, At this time (shown by the rapid rise of
the Alnus curve to a maximum on the pollen diagram),
woodland occﬁpied the area, with some development of
sedges and bryophytes within it, An abrupt truncation
of the deposits at thfs level, due to peat cutting and
cultivation, leaves no conclusive evidence as to whether
" the mire developed beyond a fairly Sasic, fen-carr wood
stage, into a raised bog community. In view of the
widespread occurrence of the thin wood peat, it is
perhaps unlikely, because A massive removal would have
been needed over a large area, to reduce it to its
present, quité uniform characteri§tics,-near the surface.
It is more likely that the damp fen woodland itself was
cleared, by later prehistoric and historic man, and

cutting has been confined to small areas in relatively

recent time, for domestic uses.,

Vegetational History in the Kildale drea

The lowest levels from the Kildale mire have a
pollen flora which indicates an early Late-glacial
landscape, with well over 80k of it covered by dwarf

shrub and heath, dominated by Betula nana, Salix and

Empe trum. The general environment seems to have been
unstable, with a variety of changing plant communities

occupying the spreads of sand and gravel, themselves

subjected to extensive mass movements. Gramineae and

Cyperaceae were important constituents of the vegetation
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and towards the conclusion of the zone, Juniperus
and Hippophae spread quite rapidly, before the first
major changes in the plant cover were initiated.
Tree .birches now colonised the ares in some quantity,
with the shrub and heath communities of Zone I being
slightly reduced in extent, but still important.
Those parts of them which could withstand some shade and
higher temperatures attaining a more luxuriant

development, for example,Filipendula. This development

was maintained throughout Zone ILL, but especially at
the commencement (IIa) and conclusion (IIc) of the
period, The intervening phase (IIb) saw a slight
recession in the build up of a 'park-tundra' landscape
(Iversen,1954), when a small environmental change led
to a minor decrease in trees and a corresponding
spreading of shrubs and herbs. This was short-lived,
however, and the last part of the Allerdd saw a
reasonable tree cover in the form of copses of birch
and perhaps even isolated occurrences of pine in
favoured localities; a contrast to Zone I where trees
were virtually absent, and Pinus though present in the
pollen record was in all probability not growing in the

area.
Zone ITI conditions were quite different. Now,

shrubs and herbaceous communities regained dominance

over most of the area, though trees did not fall to their

almost non-existent Zone I préportions. Open swards of

Gramineae, Artemisia and Empetrum on the drier slopes,

and Betula nana, Salix, Cyperaceae and Thalictrum in the

damper situations were widespread. Helianthemum was

present, indicating abundant base-rich habitats, the
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fresh soils being a consequence of the solifluction
processes operating at the time, and moving inorganic
and organic material into the basins. The opening of
the Post-glacial period, mrked by a cessation of
solifluction and organic matter accumulation in the
stratigraphic record, and accompanied by a radiocarbon
date of 8,400 B.C. (Gak-2707) for late Pre-boreal time,
did_not seem to have the conventional effects of rapid
tree colonisation in the Kildale area. While the
shrubs and herbs characteristic of the Late-glacial
period contracted somewhat in extent, (particularly

Betula nana, Juniperus and Hippophae which disappeared,

and Artemisia and Rumex acetosa which declined), others

expanded to form what must have been a local, quite
luxuriant heath vegetation dominated by Empetrum
Gramineae and losaceae. Trees accounted for under
20% of the vegetation cover, in spite of the presence
of both Betula and Eiggg, and the immigration of Ulmus,
Quercus and Corylus, none of which could make great
inroads into the open conditions. Such situations
were no doubt favourable for the congregation of the

_ claphus
Reindeer (Rangifer tarandus), iled deer (Cervus alees

and. the Aurochs (Bos primigenius), as feeding'and watering

places. Remains of all have been found at the Kildale
site, and their feeding habits, and the practices of
their pursuing hunters may have contributed to the
maintenance of these open conditions,

Whatever factors were responsible for such
conditions, they were not able to keep pace with
ecolgéical succession for long. The later Boreal

period, V and VI, saw a distinct increase in tree cover.
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First Betula, with ZJuercus, Ulmus and Corylus playing a

subsidiary role, and then Pinus and Corylus cominated
the landscape. Tilir and fraxinus managed to colonise
some areas, but did not contribute greatly to the
composition of the forests at this time. Minor
incursions of heath plants suggest that perhaps some
sporadic activities were still being carried out arounr
the lake site, which did not ary up until‘the late
Boreal period.

The opening of Atlantic time was marked by a
further major change in the pattern of forest growth, but
not in its percentage cover, which continued to increase
steadily., Now Alnus, which immigrated in the Boreal,

expanded sharply, and Quercus, Ulmus, Betula, Tilia and

Fraxinus formed a mixed deciduous forest in place of a

predominantly coniferous one, Pinus declining cuickly
and Corylus having reduced representation., This

persisted towards the 'climatic qptimum; of Zone VIIa,
the deposits of and above which were not available for

analysis, due to removal or cessation of bog growth at

the site.

Stratigraphy and Follen Analysis at est ''ouse

ffest House Teat Carr (NZ 634I96), lies on the
watershed between Kildale and Sleddale, about 6
kilometres (4 miles) south-west of Ewe Crag Slack, at
a height of 178 metres (585 feet) 0.D. Its overall
dimensions are arproximately 200 metres (north-south)
by 450 metres (vest-east), with the shape of an

elongated oval (figure 1) (Plate 3).
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Topography

The nature and origin of the Vest !"'ouse watershed
was first discussed by Kendall (1902,. 1903), later
being reaffirmed, (Kendall and “root, 1924). ‘“he broad,
flat, peat covered area was thought to have originased
on a mass of material laid down as a delta. The
River LeQen (flowing now westwards to join the Tees)
formerly flowed eastwards to join the fTsk via Sleddale.
During the glaciation of the area, the Leven debouched
into Lake Kildale near “Jest “ouse, HMere it filled
its former channél.and built out a delta into the lake.
A sudden flood probably caused it to éhangé its course
and scour out a new chaunel westwaras down the steepe;
gradient. It was envisaged that there was 46 metres
(150 feet) of water in this region at the maximum of
lake systems, gradually draining until at 1%5 metres
(575 feet) the Tést.”ouse watershed became visible, and
Lgke Ifildale split from Lake Eskdale, Kendall made a
series of augerings to investigate the sub-surface depth
of non-orgaﬁic matter,-as did Hawell et al. (1902),
who claim to have "@ottomed” their borer, in Liassic'
shale and Oolitic sandstone a few metres anart.

Gregory (1962), also attributed the Leven's
present course to capture, but not by the formation of
a bridge delta or "corrom' as iendall had suggested.
Gregory regards the glacial deposits in this part of
western “skdale as largely sub-glacial in origin,
associated with a greater maximum extension of
Weichselian ice than that proposed by Kendall. while
there is no direct borehole evidence to indicate the

composition of the Zsk/Leven watershed, Stitch Hill,
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immediately to its north, standing 12 metres (40 feet)
above the valley floor has a distinct sub-glacial
morphology and lithology, and.it is probable that a
similar mass of glacial sand and gravel comprises
the Weét House divide. Erdtman (1927,..1928),
considered the Test I'ouse loss itself to have originated
in Boreal time, with moss peat underlain by birch wood
peat, muddy detritug, and grey sandy clay, making up 6
metres (20 feet) of sediments, above.impenetrable
deposits., In c;ntraét to other peat filled hollows,
Gregory has no augering records for West House Carr,

The position of the bog éf the constricted head
of Kildale, with sharply rising éround to both north
and south, .means that natural dr;inage is restricted to
west and eastf It is boynded by a road on the west
and south, and the Middlesbrough-Waitby railway line on

the north, and has been subjected to drainage, cutting

and grazing;

Vegetation

As a consequence of human activity, the hydrology
and vegetation of the ifoss have been, and are in the
process of, modification. However, it still retains a
characteristically csnvex raised bog morphology, upon

which two quite distinct vegetation units can be

. recognized.

The margins of the bog have been altered by
drainage, here the peat is dry, and supports grasses

such as Nardus stricta, Agrostis tenuis, }tolinia caerulea,

Deschampsia flexuosa, ‘Anthoxanthum odoratum and Holcus

lanatus. Calluna vulgaris, Erica tetralix, dumex

acetosa and Alchillea millifolium are also abundant.
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In marginal drainage ditches and peat cuttings, Juncus

squarrosus, J. effusus, Potentilla palustris,

Potamogeton polygonifolius and Tolytrichum commune

flourish. The vegetation of the rand is more typical,

consisting of Trichophorum caespitosum, Eriophorum,

angustifolium, E. vaginatum, Carex glauca, C..panicea,

C. nigra, Nardus stricta, Molinia caerulea, Potentilla

erecta, Galium saxatile, Calluna vulgaris, Erica tetralix,

Vaccinium myrtillus, Narthecium ossifragum, Sphagnum

papillosum, S. palustre, S. rubellum, Dicranum scoparium and

Drosera rotundifolia. T'owever, this area is also drying

out, with grassland comvunities encroaching rapidly upon

it. One specimen of 3orbus aucuvaria in the north-

western corner of the mire, remains as the only evidence

of former tree growth on the bog surface.

Stratigraphy

The stratigraphy was investigated by means of two
series of leveiled boréholes, intersecting as shown
(Figure 14). The results of the borings are indicated
in Figure 15.

The basal deposit is everywhere a very tenacious
grey clay with angular stones, over 20 cm. thick in all
borings but nowhere penetrable with hand-boring
equipment. This is succeeded in the central narts of
the —ire by about 30 cm. of bluish-grey clay mud

containing Equisetum, Carex and Juncus remains. The

interface with the stony clay is not sharp, and the clay

mud disanpears gradually laterally. Following this is

a well developed Phragmites peat, usually over a metre
thick and containing abundant Equisetum nodes and

Menvanthes trifoliata seéds. This is covered by about
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14 metres of'a damp wood peat, with Pinus and Salix
in its Yower parts, and Betula and Alnus nearer the upper
boundary of the deposit. Overlying the wood peat is a
Carex peat,.well humified, with some Eriopohorum, and
Betula twigs. 4t the southern side of the bog 5 cm.
of gcrey siltf claf,feathers out from the-surrounding
slopes into the mire, at the Wood-Carex neat junction.
Within the 3% metres of gggéz'peat, 3 distinct Sphagnum
horizons are intercalated. The first occurs 13 metres
below the present surface, averaging 10 cm. in thickness.

30 cm. of mixed Carex-Sphagnum peat then gives way to a

25-30 cm. thick Sphagnum layer, 10-15 cm. more Carex -
Sphagnum peat and 15 cm. of_SBhagnum peat, The first
and third horizons occur only in the central area, the
second, major one, is found over the whole bog, The
top 50 cm., to the present surface, is a mixed sedge -
bryophyté péat, showing signs' of des$ication, and being
superceded by grassy sward -at the margins.

The maximum depth of deposits encountered at Test

House was 6.1 metres (2C feet).

Pollen and Macrofossil Analysis and Chronology.

Samples for pollen and macrofossil analysis were
secured in 1968 from the borehole indicated on Figure 15,
The stratigraphy appropriate to the pollen diagram

shows :~-

0-10 cm. Dry Carex peat with Molinia stems, Calluna

twigs, leaves of Sphagnum rubellum, 5. pelustre,

S. acutifolium and Dicranum séoparium.

10-18 ¢m. Light brown pure Sphagnum peat with

S. euspidatum, S, recurvum, 5. rubellum and S. magellanicum,

18-54 cm., Mid-brown fairly well humified Carex peat with
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some bryophyte remains. Leaves of Sphapgnum cuspidatum

30-40 cm., S, rubellum at 35 cm., S, magellanicum at

40 cm., S. Qagillosum at 50 cm.,Rhacomitrium

lanuginosum at 35 cm., Dicranum scoparium 30-45 cm.,

Pleurozium schreberi at 45 cm, Calluna twigs

throughout.
54-68 cm. Light brown pure Sphagnum peat, with S.

cuspidatum dominant., .\l S, tenellum, S, papillosum,

S. palustre, S. acutifolia agg. Leaf of Dicranum

scoparium at 60 cm. Calluna and other Ericaceous
remains at 60 cm. Algal remains throughout.

68-278 cm. Mid-brown quite well humified Carex peat
with bryophyte remains locally abundant 68-180 cm.

and Triophorum vaginatum remains 180-278 cm. Sphagnum

cuspidatum, S. papillosum, S. recurvum, S. acutifolia agg.

"Rhacomitrium aciculare, Hypnum cupressiforme, Camptothec¢ium

nitens Rhacomitfium lanuginosum the most common mosses,
Carbonized Calluna at 90 and 145 cm. Sporangia of

Pteridium aquilinum at 90 and 150 cm., Stems of

Vaccinium oxycoccus at 150 cm.

278-422 cm. Mid-brown, damp wood peat, with a matrix of
Carex s»p. in the upper parts., Phragmites in lower
parts. Remains of Betula and .:lnus 278-370 cm., and

Pinus, Salix and Betula 370-422 cm. Charcoal frequent

350-410 cm., with silt at 410 cm. Leaves of Sphagnum

papillosum at 290 - 410 cm. Leaves of Polytrichum commune

at 350 and 410 cm.
422-538 cm. Grey-brown Phragmites peat with Zquisetum

nodes and Menyanthes trifoliata seeds. Pinus and Salix

fragments 422-440 cm. Sporangia of Thelypteris sp. at
430 and 530 cm, Seeds of Juncus effusus at 500 and 530

cm, Leaves of Drepanocladus fluitans 460-480 cm.




105
538-573 cm., Grey-brown clay mud with Phragmites,

Equisetum, Menyanthes, Carex and Juncus remains.

573-610 cm. + Tenacious grey clay with angular stones,
Cyperaceous and Ericaceous remains in the uoper 20 cm.,

becoming very pure and impenetrable with depth.

The pollen diagram (Figure 16) shows the following
zones. to be present, and is based upon a total tree
pollen.sum t-

Zone III (610-572 cm.)

Herbaceous dominance, principally of Gramineae,

Cyperaceae, Empetrum, Artemisia, Filipendula, Rosaceae,

Rubiaceae, Saxifragaceae and Rumex acetosa. Salix,

Betula nana and Juniperus present. Betula the most

important tree, only Pinus otherwise represented.
Aquatics and pteridophytes occur in significant

frequencies. Armeria and Silene recorded.

Zone IV (572-458 cm.)

Slight increases in arboreal pollen with Betula
most important. Corylus immigrates in mid-zone.

Non arboreal pollen very significant making up 75% of

total pollen in some cases, Salix, Cramineae, Cyperaceae,

Tubuliflorae, Tilipendula, Rosaceae, Rubiaceae and Rumex

acetosa have high frequencies. Menyanthes, Typha

latifolia, Equisetum, Thelypteris and Eilicales also

important. Calluna recorded.

Zone V (458-432 cm.)

Corylus rises sharply at the lower boundary.
Arboreal pollen now 45% of total pollen with 3etula and

later Pinus important.  Most non arboreal pollen types

important in Zone IV decline, but Gramineae, Cyperaceae,




. e — St TR Y 0o S S S e B R % Ph
=g BRERER . nE A J
=2 ) ¢ - < tq : . |
- N . | . .
2\ ( .. { (o _ .
Al HW ; 4 . .. |
_ {
= S D P —
— | * _
oIA m\/ A
aA . .
31 | i
o | » .
|
v . _
1 T T :
- . ' o ! - Ao . ﬂ
MA+4IA m A ¢« O . w “ : [ . R .
) A L . “ _ ~ | ¢ ‘ | i ¥ . . _ .
( t | ) * : ' :
. { e H . m | & T “ _MF 1 . “ ! _ * ; ‘
| ...h ‘. q | t ¢ ! g | ;. S y (
3 w az A _ ( { . A ‘ . \ q [ _ - - m | M ‘ . A ‘ +




106

Filipendula and Rumex acetosa re-expand in mid-zone.

Ulmus and Quercus recorded.

Zone VI (432-332 cm.)

The following sub-divisions can be recognized :-

VIa (432-412 cm.)

Lower boundary marke d by a fall in Betula and an

expansion of Pinus and Corylus. Ulmus exceeds {uercus

in frequency. Alnus immigrates. Melampyrum, Calluna,
Ericales and Succisa present., Trees and-strubs comprise

85% of total pollen.

Vib (412-375 cm.)

Pinus - Corylus dominance begins to receed late in

the sub-zone. Alnus expands slightly and Ulmus and

Ruercus well represented. Pilipendula, Melampyrum and

Succisa present., Pteridium first appears and Filicales

-expand,

Vic {(375-332 cm.)

Pinus - Corylus :loses dominance, and Betula,

Quercus, Ulmus, Alnus and Tilia increase in frequency.

Herbs make up under 107. of totzl pollen, but a small

extension of Grzmineae occurs near the upper boundary.

Zone VITa (332-198 cm.)

Lower bouncary characterized by a fall in Tinus,
Corylus and Betula and a rapid increase of Alnus (dated
by Radiocarbon at.é ievel just above the lower boundary
to 6,650 ¥ 290 BP : 4,700 T 290 B.C. (Gak 2706) ).

Quercus, Ulmus, Tilia and Fraxinus expand by mid-zone.

Lonicera recorded.
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Zones VIIb and VIIT (198-0 cm.,)

No division into a separste VIIb and VITI is made.

Within the complex, 3 sub-zones can be characterized :-

Sub-Zone A (198-139 cm.)

Opening marked by an Ulmus cecline and a slight
fall and later recovery of arboreal pollen, Corylus
expands slightly but . herbs remain in low frequencies,

Gramineae, Calluna, Ericales and Filipendula increase,

Plantago lanceolata first appears and a Melampyrum peak

et a—————

occurs,

Sub~Zone B (139-43 cm.)

Lower boundary characterized by a decline and
temporary disappearance of Ulmus, and a fall in Tilia
values, together with most other trees. Fagus appears
and fraxinus establishes a continuous curve. Corylus

expands. Sorbus and Ilex recorded. Cerealia first

appear and Gramineae, Calluna, Artemisia, Liguliflorae,

Plantago lanceolata, Plantago major/media, Ranunculaceae,

" Rosaceae, Rubiaceae, umex acetosa and Urtica increase
in frequency, together with Pteridium and Filicales.
Spergularia recorded. Arboréal pollen less than 30%
of total pollen near zone's conclusion. Sphagnum

increases steadily throughout.

Sub-Zone C (43-0 cm.)

Major increases in herbs commence at the lower
4
boundary with trees and shrubs declining sharply in
frequency. Fraxinus and Fagus only become better

established and arboreal pollen values fall to about

109 of total pollen. Gramineae, Cerealia, Cyperaceae,

Calluna, Ericales, Tubuliflorae, Artemisia, Liguliflorae,

Chenopodiaceae, Cruciferae, Plantago lanceolata,
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Plantago major/media, Ranunculaceae, Rosaceae, Rubiaceae,

Rumex acetosa, Umbelliferae, Urtica, Pteridium and

Filicales frequencies increase sharply. Enilobium,

Cirsium, (lumulus - Cannabis T., Polygonum convolvulus,

Vieia and Valeriana recorded. Sphagnum reaches its
maximum of development. Non arboreal pollen

constitutes over 90% of total pollen,

The Zevelopment of the !Mire System

The foundations cof Jest Fouse }'oss were laid by
ice of the last glaciation, and exposed after that ice
had become stagnant in western Eskdale and ceglaciation
was completed there. They took the fori: of an expanse
of hummocky fluvio-glacial gravels at the head of Fildale,
in which small sheets of open water existed throughout
the following Late-glacial period.

The solifluction of Late “eichselian time produced
here a stony grey clay which forms the basal deposit of
the mire system. This clay is not stratified and
probably represents the majority of Late-glacial time,
having been subjected to erosion and re-deposition,
especially in the last cold phase of the period (Zone III),
which the pollen spectra of the lowest analysed levels
indicate to be present. The vegetation then was fairly
sparse with = largely treeless landscape, accompanied by
a fairly impoverished mire system, wit: Cynecraceae and
Gramineae dominating the margins of the open water, where

Potamogeton was growing. At a2 time corresponding to

the opening of the Post-glacial period, the stony clay
is superceded by a clay mud with much more organic
material and very little silt. Solifluction had, by

now, ceased, and the pollen and macrofossil evidence
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shows that open water, with Potamogeton was surrounded

by reedswamp and fen, with Typha latifolia, Phragmites,

Eguiéqﬁgm, Yenyanthes trifoliata, Juncus, Carex, fxﬁrqutzle,

Filipendula, Lychnis and Thelypteris cdominating, A
fuller development of reedswzmp soon ensued, with

Phragmites, Equisetum, Venyanthes and Thelypteris

spreading over the whole area, and remaining until early
in Zone.VI, when it passed into a base-rich, fen carr,
dominated by Zalix and Betula, quite damp and with
patches of Phrapgmites, sedges and bryophytes. The

later stages of this fen carr existed.around the time

of the Boreal/Atlantic Transition, when Alnus also
began to grow around its fringes. The rise in the
Alnus pollen curve to a maximum, (signifying the opening
of Zone VIIa), has been dated by R#diocarbon bhere to
4,700 T 290 B.C. (Gak-2706), when fen-carr was still in
existence, but beginning to be influenced by a rising
water table. This eventually led to swamping, and the
rapid growth of a sedge - bryophyte, more acid community,
supplied by precivitation as it grew upwards, forming a
typiéal raised bog. This development continued
throughout the 'climatic optimum', anc into Zones VIIb
and VIII, when the pollen diagram indicates quite intense
enthropogenic activity in the area. Near the southern
edge of the mire, a band of fine, grey silt is found at
the interface of the fen-wood peat and the Carex peat,
formed at a time of human interference with the
surrounding landscape, and associated with charcoal in
the peat. ggllggg'and.ygiigig macrofossils, and
charcoal, indicate that by late Zones VITb-VIII the bog

had become treeless and quite dry at the surface; though
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the bryophytes present, show that formation was still
active in places towards its centre, Three distinct
moss horizons, dominated by various species,
(principally of Sphapnum), occur at, and around vhat
may be the opening of Zone VIII, (the Sub-atlantic period),
and separated "by mixed sedge-bryophyte associations.
These are indicative of an increase in wetness, and
renewed, widespread, active bog growth. 3oth pool and

hummock forming species of ‘phagnum were present,

2 s Ty

indicative of a quite acid environment. In the
intervening periods, it seems to have been a little less
damp, with Calluna and }'olinia able té colonize again,
Pteridium important, presumably on the surrounding slopes;
a situation which is reflected in the immediately
sub-surface layers, and also upon the present bog surface,
botﬁ of which have suffered considerable disturbsnce in

historic time.

Vegetati onal "istory of the "'est "ouse .\re

The initial veretati on type represented for the
West House area was a shrub heath community of a very
open nature, Betula nana, Salix and Juniperus dominated

the shrub component. Betula and Pinus were the only
trees present, the latters fluctuating percentage
suggesting its presence some way from the site and
transport to there fhrough the very open vegetation.
In any éase, their combined contribution to the
vegetation cover was not more than 1G5 Nry heeths

were present on the well drained slopes with Tmnetrun,

Artemisia, Gramineae, Rumex acetosa and Armeria

important constituents. The overall conditions were
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ones where solifluction was important, and communities
generally-were unstable, with large extents of bare

ground, and Cyperaceae, Filipendula, Caryophyllaceae,

Rubia

——. .

eae and Chenopocdiaceae occupying the damper

situations.

Similarly to iildale fall, the opening of the
Fost-glacial period did not prévide a sufficient
impetus around ‘est Iouse, for a major rapid enclosure
of the landscape by trees. Here, throughout both
Zones IV and V, while some development of closed birch
woodland was evident, the major feature was a period of
relatively luxuriant shrub and herb vegetation

dominated by Salix, Rosaceae, Empetrum and Gramineae.

The types characteristic of Late-glacial conditions declined

sharply (e.g. Betula nana, Juniperus, Artemisia, Rumex

'acetosa and iubiaceae).

Vhile Betula, and by no - zlmost certainly Pinus
were present, Corylus immigrated and began to expand,
obviously finding abundant suitable habitats. Late in
Zone V Ulmus anpeared, but it was not until later Boreal
time, in Zone VI that the area first became closed
woodland.  Throughout Zone VI Pinus and Corylus
dominated the spectrum taking over from Betula, and
being much more widespread than either Quercus, Ulmus,
Alnus or Tilia which were all present, but in no more
than certain favoured localities such as patches of
base rich soil or streamsides., s temporary opening of
the forest is suggested twice within Zone VI. At the
beginning of the Zone, Ericales expanded, along with

Me lampyrum and Pteridium, also Succisa and Chenopodiaceae

were present, indicating some disturbance of the
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vegetation, and perhaps a temporary clearance near
the zone's conclusion, Gramineae and Pteridium
increased, suggesting a further temporary clearing
in what was by now a closed woodland, This
situation continued but its'components effectively
changed at about the time of the Boreal/Atlantic
Transition, dated at this site to 4,700 B.C.
(Gak-2706) . Now the pine -hazel forests gave way
quite quickly to a mixed deciduous forest in which

Quercus, Betula, Ulmus, Tilia, Fraxinus and above all,

Alnus were dominants in the landscape, which was now
over 80% tree covered,

This situation persisted until Zones VIIb and
VIII when the first reductions in forest cover were
effected,7 Three quite distinct Sub-Zones are
recognizable, and within these, several phases
approaching a 'landnam' (Iversen,1941) can be discerned
to have been approached. Sub-Zone A is characterized
by seemingly selective attacks on certain tree species,

particﬁlarly Ulmus and Tilia, and the extension of some

open habitat plants such as Gramineae, elampyrum and
Pteridium, This suggests that clearance was small
scale, but quite effective with pastoral activity
dominant. Soon after the clearances, Corylus and
Fraxinus expanded probably recolonizing cleared areas,
to be succeeded by regeneration of trees, and very little
overall reduction in tree cover at this early stage.
The second part of Zones VIIb and VIII, Sub-Zone B,
saw a_puch more concerted attack on"the forests.
Now, apart from Ulmus and Tilia, other trees declined,
especially Guercus and Alnus. The clearings thus

created were used mainly for pastoral activity, with
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Plantago lanceolata, PteridiumamdGramineae widespread.

Jdowever, cultivation was being practised too, and

Cerealia (mainly Triticum dicoccum and Hordeum T.) were

beiﬁg grown. Recolonization was still taking place;
Fraxinus and Corylus fulfilling this function, fagus and
Borbus apnearing too in newly cleared areas.

Sub-Zorne C (only the early part of which is
represented) provided a continuation of Sub-Zone B,
but once again, with increasing effectiveness, The
shrub components, particularly Corylus now began to be
cleared, as well as all types of trees, until they
formed under 10%: of the vegetation. A vast area of
land was now in human use, both as pasture (Plantago

spp., Gramineae, Pteridium values are high) and also as

arable, (Cereals - mainly Fordeum T. and Avena T.,

Rumex acetosa, Chenopodiaceae, Artemisia, Compositae,

Cruciferae, Humulus-Cannabis T.,Urtica'and Vicia are

well represented). As well as this activity, a fairly
new phenomenon was taking place, the colénization of
large cleared areas by vast expanses of Calluna, otrer
Eric#les and Gramineae forming the forerunners of the
present day vegetation of heather moorlands and poor

acid pastureland in the area around Jest Louse.

Stratigraphy and Pollen Analysis at Zwe Crag Slack

Ewe Crag Slack (NZ 695110) is a broad depression
of almost 1.5 kilometres (1 mile) length, crossing the
North Cleveland watershed on Danby Low }oor at a height
of 235 metres (770 feet) O.D., due north of the village
of Danby. To the north it grades into the drift

covered Cleveland Plateau, to the south it falls into

Eskdale. It contains an infilling of peat, particularly
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well developed in its central area (Figure 1) (Plate 4).

Topography

The whole feature is cut in solid rock, its depth
ranging from 8 metres (26 feet) where it traverses the
watershed to 23 metres (75 feet) in its southern part
where it assumes 2 ravine-like form. Prainage is
absent from the majority of the depression, but small
streams issue from springs in the lower reaches, The
breadth of the floor rarely exceeds 150 metres (492
feet) and its form is generally flat, being the surface
of an infilling of sediment of varying thickness.

The earliest interpretation of its formn and origin
was offe?ed by Kendall (1902), who sugéested that it had
formed sub-aerially in the Pleistocene, as the m=in
drainage channel of ice-dammed Lake lMoorsholm southwards
into Lake Eskdale. This view has been challenged by
Gregory (1962) who showed that Ewe Crag Slack had'a
'hump profile' (formed by uphill movement of water across
a divide) and breached a pre-glacial watershed, concluding
that its origins were likely to have been sub-glacial
rather ihan sub-aerial,

The accumulation of organic matter was n&ted first
by Kendall (1902, 1903), who in a series of borings,
recorded a maximum depth of 6.5 metres (21 feet) of peat
"at a point where the bog slopes upstream as well as down'.
Elgee (1912) noted the presence of the deposits in the
channel, and %©rdtman (1927) produced outline sections and
polleﬂ diagrams. for the site. He stated that the
stratigraphy consistéd of forest peat covered with
decayed vaginatum peat, the latter with some clayey.
downwash in places, and attributed the earliest deposits

to Boreal time. Gregory (}962) established a maximum .
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depth of 5.7 metres (18 feet) comprising bedrock

covered by a thin veneer of clay overlain by peat.

Vepetation

Elgee (1912, 1914) drew attention to the vegetation
of Zwe Crag Slack as a typical example of that found in
such depressions, and discussed earlier (page 31). At

the ends of the depression Juncus communities prevail,

dominated by Juncus effusus and Juncus conglomeratus

with Sphagnum cuspidatum and Sphagnum palustre abundant.

There'swampy areas are fed by streams of peaty water
emanating from the central morass, and providing ideel,
mineral rich ecological conditions enabling them to
flourish, Also, fairly extensive peat cutting has left
"hollows which have become waterlogged and initially

occupied by a Junco - Sphagneta association. These are

in various stages of replacement by Zriophorum - Calluna

association as the humus becomes more solid. It is this
solid humus formation which occupies the majority of the

deep peat area. Calluna vulgaris, ZIrica tetralix,

Empetrum nigrum, Eriqpég;um vaginatum, Eriophorum

augustifolium, Molinia caerulea, Deschampsia flexuosa,

Sphagnum acutifolium, Sphagnum rubellum and Sphagnum

papillosum dominate the drier areas, while the surface

is pitted with a complek of pools and very damp areas,

where Sphagnum cuspidatum, Ophagnum recurvum, Sphagnum

plumulosum and Polytrichum commune are found, with Carex

nigra, Carex rostrata, Juncus squarrosus, Juncus effusus

amd Juncus acutiformis. DBog formation is active here,

with rafts of Sphagnum (principally 3. recurvum) forming
in hollows, and near the mire edges. The slopes of the

channel are dominated by Pteridium aguilinum with Calluna
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vulgaris, Vaccinium myrtillus, Erica cinerea, Carex

and Eriophorum. Potentilla erecta is abundant,

colonizing burnt patches, where Cladonia rangifera is

found in profusion. Trees and shrubs are virtually

non existent, with a few scattered specimens of

Tlex aguifolium, Sorbus aucuparia and Crataegus

monogyna found in the sheltered, deeper ravine section.

Stratigraphv

The stratigraphy was investigated by means of two
levelled transecfs of borings across the channel, the
positions of which are shown (Figure 17). The results
obtained are presented in.Figure 18,

Initial tests indicatedthat the deepest sections
lay in the relatively flat area where the watershed is
breached., A transect here revealed a basin-like
hollow, the lowest deposit of which is a tenacious blue
clay with numerous angular stones, averaging over a
metre in thickness, and not completely sampled with the
coring devices, Overlying this is a'dry wood peat with

an amorphous matrix, and Betula, Pinus and Salix

fragments, attaining some 1% metres in places.
Superceding this is a well humified Carex peat with

Eriophorum bands, and Betula and Alnus fragments, of up

to 4 metres in thickness. In the upper 50 cm. of this‘
deposit two bands of fine grey silt, each about 10 cm.
thick, wedge out from the eastern side of the mire for
approximately 10 métres. The upper boundary of the
youngest silt layer forms the junction between the
Carex peat and a damp, compact, mid-brown Sphagnum peat
with alternations of dominant pool and hummock forming

species, such as Sphagnum cuspidatum and Sphagnum
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papillosum and Sphagnum rubellum, togethér with

nomocotyledonous - remains, (€arices and grasses), as
well as Calluna twigs. The whole deposit is around
14 metres in thickness, with ericaceous material common
only in the last metre, and the bog surface composed of
an admixture of Sphagnum spp. E?iophorum angustifolium
and Carices, The overall maximum thickness of the
sediments in this transect was 54 metres (17 feet).

The second transect was made some 150 metres south
.of the first, in a narrower portion of the channel, and
the gross stratigraphy proved zlmost identical,
However, the'basal clay was softer and ﬁenetrable to
bedrock, its thickness not being in excess of 1 metre,
The succession of Wood peat - Carex peat - Sphagnum peat
is found, though in decreased thicknesses, The surface

"vegetation again is mainly composed of Snhagnum spp. with

subsidiary Carex, Iriophorum and Calluna, The major
feature of this transect is, however, a marked increase
in the number and extent of silty bands intercalated with
the deposit than in transect one, or than noted by
Erdtman (1927). They are not confinedto the Carex peat
as in the first trénsect; first occurring near the base
of the wood peat, and thereafter at intervals throughout
the .succeeding deposits. Their form, extent and
thickness is. variable; some rédfating from the west of

. the channel, some from the east, some continuous across

the basin, others wedging out after several metres lateral

extent, all varying in vertical thickness, from 5 to 35 cm.,

They do .not oécur in the Sphagnum peat, and the phenomena

of the uppermost one being the best developed, and forming

the boundary between Carex and'Sghagnum peat is repeated.
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The maximum depth of deposits encountered on this

transect was 4,9 metres (16 feet).

Pollen and Macrofossil A

- ..

lysis and Chromology

Sanples for pollen and macrofossil znalysis were
collected in 1967 with the Scil Survey of 3cotland
stmpler, and three profiles were secured. The first
was from the deepest part of the first transect in
order to provide a complete as possible stratigraphical
and palynological record for the site and its environs.
The second was taken on the second transect at a point
whgre‘the intercalated s?lts showed their fullest
development, to attempt an explanation of their form
and origin. A.final short, basal sample, was talen from
the deepest point on the second transect to provide a
comparison of time of the inception of peat formation
between the two transect lines.

The stratiqraphic descriptions and macrofossil
icentifications appropriaﬁe to the 3 Follen Diagrams

(Figures 19, 20, 21) are as follows :-

Ewe Crag Slac’: (A) (PS (A). Figure 18)
0-86 cm. Light brown §E§ggnum peat, with Sphagnum

cuspidatum, 5. nlumulosum, S. recurvum, S. palustre,

S. papillosum, S, acutifolium, 3. rubellum and

S. tenellum. Occasional Carex, Eriophorum and Calluna

remains, seeds of Juncus conglomeratus, stems of }olinia,

sporangia of Pteridium and charcoal fragments.
86-334 cm. Mid-brown quite well humified Carex peat.
Sphagnum quite freguent to 155 cm,, especially S,

8, recurvum, S. sub-secundum, S. papillosum,

gpspidatum,

§. tenellum and S. acutifolia agg. Leaf of Drepanoclacus

e e

fluitans at 105 cm. Calluna abundant, with charcoal
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between 120-150 cm., Twigs of Betula and ilnus at

315 and 330 cm., and a fruit of Betula pubescens.

at 315 cm. Juncus and Eriophorum vaginatum present

in small amounts, together with Molinia.

334-474 cm. Light brown, amorphous, dry wood peat
with Betula twigs 334-400 cm., 440-474 cn., Retula
charcoal and silt at 388 cm. Pinus and Salix

fragments at 470 cm., - Matrix of Carex spp. and

Sghagnum,lprincipally 5. cuspidatum, S. plumulosum

and.S. palustre. Seeds of Juncus sauarrosus and fern
sporangia abundantly distributed throughout.

474-525 cm. Blue clay with angular stones. An
admixture of Carex spp. in the upper 20 cm., becoming
tenacious and pure at 5 metres.,

525 cm. + No penetration of sampler,

Ewe Crag Slack (B) (PS (B) Figure 18)

0-40 cm, Little humified, light brown Sphagnum peat,

with S. recurvum, S. papillosum, S. rubellum, S. tenellTum,

S. acutifolia agg. Infrequent remains of Carex, Molinia

and Juncus.

40-60 cm. Light grey silt with seeds of Juncus effusus

and J. conglomeratus, Carex stems and Calluna twigs.

60-62 cm. Dark brown silty peat, with Carex spp.
62-69 cm. Light grey silt with Carex spp., and seeds of

Juncus effusus and J. conglomeratus.

69-121 cm, Mid-brown quite well humified Carex peat with

Molinia and Calluna fragments throughout. Eriophorum

vaginatum spindles at 88 cm. Seeds of Juncus effusus at

70 and 112 cm. Eroded leaf of Sphagnum cuspidatum at

72 cm, Charcoal at 72 cm.

121-135 cm, Light grey silt with Carex stems. Leaves
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of Sphagnum papillosum at 130 cm., seeds of Juncus

conglomeratus at 126 ahd 130 cm.

135-212 cm. . Mid-brown quite well humified Carex

peat with Eriophorum vaginatum, Juncus and Calluna

remains. Betula twigs at 166 and 206 cm., Betula

charcoal at 221 cm.
212-232 cm. Brown silty peat with Carex spp. and

eroded leaves of Sphagnum cuspidatum,

232-244 cm. Lipht brown, amorphous, dfy wood peat

with frequent Betula fragments and charcoal at 240 cm.
Carex spp. and Juncus stems abundant,

244-264 cm. Light grey silt with Carex spp. and twigs
of Betula.

264-310 cm. Light brown, amorphous, dry wood peat with
Petula and Alnus twigs, Seeds of Carex sop. Juncus

effusus and J. sguarrosus. Leaves of Sphagnum sub-

secundum at 302 cm.

310-313 cm, Light grey silt with wood and charcoal.

Leaf of Sphagnum squarrosum at 310 cm.

313-322 cm., Light brown amorphous dry wood peat with

Betula and Alnus remains, Carex spp. and Juncus remains

-

abundant. Leaves of Sphagnum cuspidatum, 8. squarrosum,

S, palustre at 315 cm, and S. acutifolia agg. at 313 cm.

322-337 cm. Soft blue clay with some angular stones.

337 cm. Bedrock,

Ewe Crag Slack (C) (PS (C) Tigure 18)

400-416 cm, Light brown, amorphous, dry wood peat with

Betula twigs, Carex spp. and Juncus effusus seeds.

416-430 cm. Light grey silt with Carex spp. and Juncus

’

stems.

430-448 cm, Light brown amorphous, dry wood peat with

fragments of Betula, Alnus and Pinus. Stems and leaves
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of Polytrichum co-vmune 432-446 cm.

448-496 cm. Blue clay with wood remains to 46C cm.,
grading to more tenacious material with angular stones.

- 496 cm. Bedrock.,

The pollen diagram for Ewe Crag Slack (4),
(Figure 19), is bzsed on a total tree pollen sum and

indicates the following zonation :-

Zone III (525-475 cm.)

Herbaceous dominance, but up to 40% arborezl
pollen at some levels. Betuia and Pinus the only

trees present. Betula nana, Juniperus, Salix and

Mippophae the main shrubs. Granmineae, Cyperaceae,

Empe trum, Artemisia, Liguliflorae, Rosaceae and

Filipendula frecuencies high.

Zone IV (475-448 cm.)

Characterized by a sharp rise in arboreal pollen
principally tree birches, and a decline of non arboreal

pollen Betula nana and Juniperus disappear, but in mid-

zone increases in frequency of Empetrum, Rosaceae,

Filicales and Sphagnum occur. GQuercus, Corylus and

Calluna first appear.

Zone V (448-438 cm.)

Betula dominant early in the .zone, later Pinus
becomes so. Quercus present and Ulmus immigrates.

Corylus expands sharply; Salix still important but

non arboreal pollen now less than 20% of total pollen.

Zone VI (438-340 cm.)

Can be sub-divided into :=-
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VIa (438-402 cm.)

‘Pinus - Corylus dominance. Ulmus exceeds {Juercus

in value, Alnus immigrates. l'elampvrum present, and

Salix, Gramineae, Cyperaceae and lumex acetosa frecuencies

increase near its conclusion.

VIb (402-368 cm.)

Pinus dominates, Corzlué falls and 3etula recovers
slightly. Cuercus exceeds Ulmus in value. lnus

expands slowly and Tilia éppearé.

VIc (368-340 cm,)

Pinus - Corylus lose dominance. Quercus, Alnus,
Tilia and Ulmus increase in frequency., Trees and shrubs

account for 85% of total pollen,

Zone VIIa (340-152 cm.)

Lower boundary characterized by a rapid expansion

of Alnus and a further decline of Pinus, Guercus, Ulmus,

Tilia and Betula, dominate the arboreal pollen sum énd

Fraxinus immigrates. Corylus less important than in

Zone VI, Sorbus and Hedera recorded.

Zones VIIb and VIII (152-0 cm.)

A division into separate Zones VIIb and VIII is
not made, but within the complex, 3 sub-zones can be

characterized :-

Sub-Zone A (152-110 cm.)

A clear Ulmus decline marks the opening of this
sub-zone, followed by a recovery. Corylus expands.,
Some other trees, especially Tilia show small declines

but recover. Fagus immigrates and Fraxinus expands

slightly. Herbs expand, Cerealia appear and increase

in frequency together with Plantago lanceolata, Rosaceae,
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Rumex acetosa, Pteridium and Calluna.

Sub-Zone B (110-61 cm.)

A secondary Ulmus decline occurs at the lower
boundary accompanied by a fall of Tilia and an

expansion of Fraxinus and Corylus. Guercus, Betula and

Alnus also decline and non arboreal pollen accounts for
up to 70% of total pollen, Sorbus recorded.

Gramineae, Cerealia, Compositae spp., Plantago

lanceolata, Rosaceae, Rumex acetosa and Pteridium

increase in frequency.

Sub Zone C (61-0 cm,)

Tilia becomes extinct near the lower boundary

reappearing sporadically thereafter. Ulmus, Quercus,
Betula and Alnus show substantial reductions. Corylus

declines, Fraxinus and Fégus expand, Hedera, Ilex and

Sorbus recorded.,

Major increases in herb frequencies occur,

especially of Gramineae, Cerezlia, Calluna, Zricales,

Tubuliflorae, Artemisia, Centaurea, Liguliflorae,

Chenopodiaceae, Cruciferae, Filipendula, Flantago spp.,

Ranunculaceae, Rosaceae, Rumex acetosa, Umbelliferae and

Urtica. Spq;gularia,‘Succisa and Polygala vulgaris

recorded; Pteridium, Filicales and Sphagnum frecuencies

reach their maxima. Mon arboreal pollen accounts for

over 90% of total pollen at the highest levels.

The pollen diagram for Ewe Crag Slack (B)
(Figure 20), also based on a total tree pollen sum,

shows the following zonation :-
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. Zone VIIa (322-265 cm.)

suercus, Alnus, Ulmus, “etula, Tilia and

Fraxinus dominate the arboreal pollen sum. Corylus

important and Salix, Hecera, Ilex :nd Jorbus present.

Herbs important near the upper zone boundary, where

Gramineae, Filipendula, Potentilla, Rosaceae,

“Artemisia, Melampy;um, Plantago lanceolata, dvmex

acetosa and Succisa increase in frequency together with

Pteridium.

Zones VIIb and VIII (265-0 cm.)

Three ‘'major sub-zones can be delimited :-

Sub-Zone A (265-162 cm.)

—— . —— u——

Peclines of Ulmus, Tilia and Traxinus, followed

by recoveries. Fagus immigrates and Corylus fluctuates
in frequency. Salix, Hedera and Sorbus present. Herb

values rise. Cerealia recorded and Gramineae, Calluna,

Artemisia, Filipendula, Plantago lanceolata, Fotentilla,

Ranunculaceae, Rosaceae, Succisa and Umbelliferae increase

in frequency. Non arboreal pollen over 607 of total

pollen.

Sub-Zone B (162-42 cm.)

Ulmus, Tilia and Traxinus fall again, also most

other trees. Fagus expands and Corylus has high

frequencies. Herbs increase in value markedly,

especially Gramineae, Calluna, Artemisia, Cruciferae,

Liguliflorae, Plantago lanceolata, zilinendula, Potentilla,

Ranunculaceae, Rosaceae, Rumex acetosa and Succisa.

Centaurea cyanus, Cirsium,.Valeriana anad Vigig_recorded.

Pteridium expands also Sphagnum. Potamogeton and

Lycopodium_ selago recorded, Non arboreal pollen over
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90iv of total pollen by the upper boundary of the

Sub-Zone.

Sub-Zonq C (42-O_cm.)

Tilia finally declines and arboreal pollen falls
to between 5 and 10. of total pollen. Corylus values
decline sharply. fagus and Fraxinus increase slightly.
Massive extensions df herb percentages, especizlly

Gramineae, Cerealia, Czlluna, Zricales, Tubuliflorae,

Artemisia, Chenopodiaceae, Cruciferae, Filipendula,

~ Plantago lanceolata, "lantaco major/media, Fotentilla,

Ranunculaceae, Nosaceae, Rume» acetosa an? Umbelliferae.

Spergularia and Urtica recorded. Pteridium and

Sphagnum have high values.

. The pollen diagram for Ewe Crag Slack (C) (Figure
21) (based upon a total tree pollen sum) shows that the

following zones are present :-

Zone V (455-451 cm.)

Betula high but declining, Finus increasing.

Ulmus, Quercus and :lnus present, Corylus has high

frecuencies. WMon arboreal pollen falls near the upper

zone boundary.

Zone VI (451-404 cn.)

Carn be sub-divided :-

Via (451-436 cm.)

Pinus - Corylus dominance. Betula, Ulmus and

Quercus present in significant amounts.

vib (436-417 cm.)

Still Pinus - Corylus dominance but Betula,

“uercus, Ulmus and Alnus begin to be better represented.




iz 33n93

(0461 TY)

N3ITIOd 3381 WiIOL 4O SIOVINIDN3d
NITOd V1041 40 SIOVINIDNIY

#Avé .

oo

LA B B e 3
>m
——

BDIA

é
\
\

!
§
> > >

qIA

> > >

U_—>

Siv

RIA

= o

- SOF

[ N D B |

n O

§ ¢%

> > > >

> 57> >
>"57>

- OOV

(D) ¥OV1S OVYD IM3




126

Salix, Gramineae, Artemisia, ‘elsmpyrum, ‘losacesze,

Ranunculaceae, Succisa, Aumex acetosa and Ptericdium expzad

in mid sub-zone.

Vic (417-404 cm.)

Pinus - Corylus loses dominance. Tilia iwmigrates
and Quercus, Ulmus and Zetula become most important.

Non arboreal pollen values fall.

Zone VIIa (404-400 cm.)

Pinus, Corylus and Betula decline. /)nus expands

and Quercus, Ulmus and Tilia increase in frequency,

Arboreal pollen values exceed 705 of total pollen.

The Development of the Mire System

Zwe Crag Slack ceased to operate as 2 glacial
drainage channel as the surrounding moorland emerged
. from beneath thé Weichselian ice. From this time
onward it has carried no through drainage, anc¢ a mire
sequence has been able to accumulate, especially in the
flat hollow region where the North Cleveland watershed
is breached by its course. The basal deposit, a stony
grey clay of considerable thicknéss has a Lrte-glacial
pollen flora. There is no stratification within it,
and little organic matter. It may be referable to the
last cold phase of the Late-glacial (Zone ITI) and
contain eroded and redeposited earlier strata. The
channel .at this time must have been a poorly rrained
swamp with some ‘areas of open water. Sedges, Jrasses

and pteridophytes are the ~ominant macro-fossils.

Bguisetum, *Tilipendula,

Together with pollen of Fotamogeton,

Thalictrum and Salix they sucgest a fairly sparse flora.

. §olifluction gradually ceased however, and the Post-glacial

;'__;__J
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period openzd with the gradual expansion of birch forests
on the surrounding slopes, and the development of a fen

carr, dominated at first by Betula and Sa2lix in the

channel . Macrofossils of Carex, Juncus, Thelvpteris,
and intermediate fen species bryophytes (e.g. Spbagnum

plunulosum, Drepanocladus fluitans), indicate the damp

nature of the community, which was maintained throughout
Boreal time., A significant change in the hydrosere did
not come until around the time of the Roreal/Atlantic
Transition, when first, a layer of fine grey colluvial
silt wa; deposited into the basin from the surrounding
slopes, and secondly the composition of the mire changed.
A rapid rise in Alnus pollen, indiéating on the Pollen
Diagrams, the advent of Zone VIIa and the climatic
optimum, was accompanied by the colonization of some
parts of the fen carr by alder. This was only a
temporary feature, because due to increased precipitation,
water tables rose early in the Atlantic period, and rapid,
widespread growth of sedge dominated swamp, began to

choke tree growth in the mire. Tollen of Fotamogeton

and Callitriche at this time, indicate that pools of open

water must have existed on.the bog surface, and the
increasing incidence of acid bog forming bryophytes such
as Sphagnum, illustrate the trend_towards acidification
of the mire. The most important feature of the later
stages 6f this sedge swamp, is the intercalation with
it, of numerous bands of grey, colluvial silt,
containing sedges, grasses, Juncus, charred Calluna

and other woody fragments. Anthropogenic activity on
a major scale is indicated for this time by the pollen

diagrams, and these silt bands must represent a response
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to forest clearance and cultivation on the adjzcent
moorland. The final, and best.deve10ped layer of silt,
is overlain by a very pure acid Sphagnum peat, which
began accumulating at about the commencement of Sub-
Zone C, This was no doubt a response to some climatic
deterioration about this time. Prior to this, the
mire surface must have been somewhat drier, with Calluna
and Molinia macrofossils present in quantity. The
Sphagnum peat has continued to form in favoured localities,
with a minimum of disturbance by péat cutting. The

presence of Calluna, }'olinia, Carex spp. and charcoal,

as well as a majority of pool and hummock forming 3phagna,
and an absence of tree remains, shows that acid mire
development has cﬁntinued from this time, when the
fringing slopes were clothed by Pteridium and Calluna,

and human activity was reaching its climax in terms of
forest cleérance and agriculture. This is no evidence

to suggest that a raised bog community is developing since
the surface of the mire, even allowing for peat cuttings,

is nearly flat and even slightly concave in places.

Vegetational “istory around Ewe Crag Slack

The last phasés of Late-glacizl time on the uplands
around Ewe Crag Slack were ones where, once again, shrubs
and herbs dominated a rather poorly developed and open

plant community. Betula nana, Salix, Junipefus and

Nippophdé formed the majority of the shrub component,

and Empetrum, Artemisia, Cramineae, Cyperaceae and

Rosaceae the herbaceous communities. The only trees
present were Betula and Pinus, the former being quite
well established in some favoured localities, the latter'

representation more likely the result of long distance
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pollen transport. The presence of a fair amount of
Betpla was probably the reason for the fairly rapid
but local establishment of birch forests in the early
Post-glacial period. Throughout Zones IV zn- V the
development of closed woodland continued, but there was

still a considerable extent of open vegetation with

Empe t rum ROSaceée and Filicales important in it.

Corylus and Ulmus immigrated and managed to find

suitable sites for exvansion later in this pioneer period,
when open habitats were reduced to a minimum. Later
Boreal time (Zone VI) saw a marked and quite sudden change
in forest composition with Eiggg and Corylus taking over
as dominants from Betula., At the same time, fjuercus,
Ulmus, and a little later on, Alnus and Tilia, were.
present in the forests but could not expand, with Pinus
accounting for over 75% of the trees. [Early in Zone VI,
a layer of silt was deposited in the mire, and some
slight, temporary opening of the forests nearby is
suggested by a fall in trees and a rise in Corylus and

certain herbs such as Melampyrum, Rosaceae, Rumex

It was not until late Boreal time that Pinus and
Corylus began to lose dominance and were replaced by

Quercus, Alnus, Betula, Ulmus and Tilia, which later

joined by Traxinus, devzloped in Atlantic time to a

closed deciduous forest covering 85% of the landscape.
Later in Zone VIIa more silt was denosited into the mire,
with the pollen record suggesting a slight temporary
clearance of trees and the spread of patches of clearings

dominated by Gramineae, Filipendula ~nd Yelampyrum.

This activity continued sporadically until a cdistinct fall
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in Ulmus values, accompanied by another siltilayer end
a rise in a wide variety of herbs'signified the opening
of Zones VIIb and VIII which can be divided into Tub-
Zones A, B and C, In Sub-Zone A a more aécentuated
form of the minor Zone VI and VIIa clearings took place.

Now Ulmus, Tilie and uercus were attacked by man; the

destruction erosion, deposition, clearance and
regeneration cycle represented by silt bands with

charcoal in the mire; Plantago lsnceolata, Melampyrum,

Gramineae, Rznunculaceae, Rosaceae and Pteridium being

present suggesting a pastoral zctivity taking place,
and some regeneration, first by Corylus and fraxinus,
later, but not very successfully, by other trees.

Late in A, Fagus and Cerezlia are found. The grains of

Triticum dicoccum and Hordeum ', accompanied by .Artemisia,

Centaurea cvanus, Cruciferae and Chenopodiaceae

indicating that cultivation was in progress, though
lpkely on a quite small scale and very localized.

Sub-Zone B was very like A in overall characteristics,
but with certesin important differences. .+ major feature
of this time was the concerted attacﬁ on z11 tree types,
rather than more selective felling, a wider and more-
varied sphere of activity, both arable and pastoral in
the area, and the failure of trees and shrubs to
regenera£e with any great e fectiveness in the clearings
produced. The earliest phase of B was predominantly

pastoral, with Gramineae, Plantago and Pteridium

expanding, to be followed by a dominantly cultivation

period with Cerealia (mainly Fordeum T,) Rumex acetosa,

rtemisia, Succisa and Cruciferae present, accompanied

by more silty inwash in the mire, containing charred wood

from the clearings. Tree cover neat the end of 3 must
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have been about 10 of the landscape; the failure of
regeneration was leading to the colonization of
cleared areas by Calluna, fricales and Gramineae.

Sug-Zone C was again distinct, but with similar
activities, Qrable and pastoral farming was being
carried on simultaneously, and clearing was now
extended to.what trees remained, and to shrubs,
particularly Corylus. Cultivation, with cereals
(still mainly'Hor&eum T. but with some Avena T.),

Artemisia, Centaurea, Cirsium, lumex acetosa, Liguliflorae,

Spergularia and Cruciferae dominated early in C, later

to be superceded in importance by pastoral activities.
The deposits at Ewe Crag ilack may stretch into early
historic, and perhaps Medieval times, when it szems that
grazing activity was the main land use.- Higher values

of Plantago lanceolatz, Cramineae, Pteridium and

Filicales than of the Cerealia - artemisia - umex group

in the later phases indicates this, No further
hillwash occurred in Sub-Zone C, when Calluna extended
rapidly into cleared areas, and must have helped
stabilise the surrounding slopes.- The earlier
correlation of this phenomenonwith clearance and
cultivation suggesting that neither was now of major
importance and that the landscape had begun to look much
like it does at present, a predominantly Calluna

heathland used for pastoralism.

Stratigraphy and Pollen Analysis at Tranmire Slack

Tranmire Slack (NZ 766119) is situated on Roxby
High Moor, about 13 kilometres (8 miles) west of ‘hitby,
and was the most easterly of the sites investigated,

Like Ewe Crag Slack, it is a depression trenched in
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layer, abou? 25 cm. thick can be traced. through the
uncut western sector to near the surface in the cut
eastern area. The superficial deposit in the succession
is a mixture of dried peaty soil in the undisturbed area,;
. while below the metre high peat cutting cﬁt peat and
soil are admixed to a depth of 15-30 cm. In the cut
area the lower p;rt of the Carex peat forms the first
undisturbed'sédiment.

The maximum depth of deposi?s encountered at
Tranmire was 3.67 metres (12 feet), though the

possibility that deeper ones existed before the

extensive human influence is very likely.

Pollen ahd Macroféssil.Analysis and Chronology

Sapples for pollen and macrofossil analysis wére
secured in 1969 from two sitess The first through
the deepest and most complete succession (PS (A),
Figure 24), and the second from near the centre of
the deposit (PS (B), -Figure 25), to provide a cross
eheck on the.inception of sediment formation in the

channel,

The stratigraphy appropriate to PS (A) is as

follows :-

O-15 cm. Dry peaty soil with contemporary roots,
fragments of Calluna, Carices and }olinia; leaves of

Sphagnum rubellum and S. compactum.

. 15-36 cm. Light brown 3phagnum peat with Sphagnum

acutifolia agg., S. rubellum, S, cuspidatum, S,

plumulosum, S. recuryum, S. tenellum, S. squarrosum,

S. palustre. Leaves of Hypnum:cupressiforme and Pleurozium

schreberi at 35 cm. Occasional Carex stems and




137

Eriophorun vaginatum spindles. Annuli of Pteridium

aquilinum at 15 cm.

36-178 cm. !id-brown, fairly well humified Carex
peat with iolinia stems and Calluna twigs t“roughout.

Charcoal abundant 40-155 cmw. GSeeds of Juncus effusus

160-175 cm. Leaf of Trichophorum sp. at 130 cm.

Eriophorum fibres 55-150-cm. Retula twigs at 120 cm.

Bryophytes locally abundant 36-150 cm. particularly,

Sphagnum recurvum, 3. plumulosum, 3. palustre, S.

panillosum, S. rubellum, S. magellanicum, S. sub-secundum,

S. acutifolia agg., Dicranum sp., Acrocladium cusnidatum.

Sporangia of Ptericdium aguilinum 160-178 cm.

178-322 cm. Mid-brown amorphous, dry wood peat with

Carex remains throughout; with Juncus effusus, J.

conglomeratus seeds and Sporangia of Thelypteris

palustris. Alnus and Betula twigs frequent 178-310 cm.

Pinus and 3alix remains 310-322 cm. Leaves of

Sphagnum acutifolium at 235 ecm. Polytrichum cormune

at 302 cm. and Aulacomnium palustre at 290 cm. Zome

fine silt present.

322-341 cm, Light brown Elay mud, with Carex spp. and

seeds of Juncus sauarrosus.

341-367 cm. + Tenacious grey clay with angular stones.
Some Carex and wood remains in upper 20 em., then

becoming purer and impenetrable,

Profile PS (B) shows :-

0-30 em. . Disturbed sediment.

30-60 cm. Mid-brown, well humified Carex peat with
Betula and Calluna remains.

60-135 cm. Mid-brown amorphous dry wood peat with

Alnus and Bétula remains in the upper part, Salix and
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Pinus at lower levels, Some silt,
135-168 cm. Light brown clay mud with Carex stems,

and seeds of Juncus squarrosus.,

168-180 cm. + Grey clay with angular stones., Carex
stems, Juncus seeds and wood in the unper 10 cm.,

thereafter tenacious, becoming impenetrable.

The pollen diagram for Tranmire Slack (A)

(Figure 24) shows the following zones to be present :-

Zone VIc (350-328 cm.)

Pinus dominant at first, later alnus and Zuercus
increase in frequency. Herbs rare. Aquatics -

Sparganium and Potamogeton recorded.

Zone VIIa (328-227 cm.)

The lower boundary characterized by a rapid increase
in Alnus frequencies, with Quercus and Betula expanding

also. Ulmus, Tilia and Fraxinus appear at the zones

commencement but each not exceeding 5-8% of total tree

pollen. Corylus and Salix decline, to re-expand later.

Hedera, Ilex and lLonicera recorded. Small frecuencies

of Filipendula, Me lampyrum, Plantago coronopus, Rumex

acetosa, Succisa, Ranunculaceae and Rosaceae present,

Aquatics - Hydrocotyle and l'enyanthes occur, and

Polypodium, Pteridium and Filicales also,

' Zones VIIb and VIII (227-O cm.)

No division into separate Zones VIIb and VIII is

made, but overall 3 sub-zones can be identified :-

Sub-Zone A (227-156 cm.)

Lower boundary marked by an Ulmus fall. Above and
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below this level, Pinus, Corylus, Guercus and :lnus

-y - - —

xinus temporarily disaprearing.

expand slightly, Fr

Gramineae, Cypeqﬁceaeh Plantago spp., Liguliflorae,

‘Chenopodiaceae, Yelampyrum, Ranunculaceae, Rosaceae,

Rumex acetosa -znd Succisa frequencies rise, as does that

of Pteridium. Lycopodium clavatum recorded.

Sub-Zone B (156-36 cm,)

Ulmus and Tilia cecline, also Fraxinus and other

arboreal pollen freduencies. Ffagus and Sorbus appear.,
Arboreal pollen no more than 10-12% of total pollen.

Gramineae, Cerealia, Cyperaceae, Calluna, Tubuliflorae,

Liguliflorae, Caryophyllaceae, Chenopodiacqu,

Filipendula, Plantago spp., Potentilla, Ranunculaceae,

Rosaceae, Rubiaceae, jlumex acetosa, Umbelliferae and

Pteridium increase significahtly. Lycopodium clavatum

recorded,

Sub-Zone C (36-0 cmt)

Arboreal pollen and shrubs decline to under 10
of total pollen, even Fraxinus and Fagus poorly
represented. Ierbaceous types of B increase sharply

together with Succisa, Urtica, Spergularia, Valeriana,

. .

Sphagnum has its maximum value.

The pollen diagram for Tranmire Slack (B)

(Figure 25), based on a total tree pollen sum shows

the following zones to be present :-

Zone VIc (180-152 cm.)

Pinus and 3Betula dominant. (Quercus and Ulmus

present, Alnus expanding steady. ' Corylus declines.

A
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Herb frequencies low, but aquatics quite high,

especially Alisma, Callitriche, "'vdrocotyle,

Nymphaea, Potamogeton and 3parganium. Lycopocium

inundatum recorded.

Zone VIla (152-135 cm.)

Alnus expands, Pinus, Corylus and Betula

decline. Quercus, Tlmus, Tilia and Traxinus

increase in frequency. Arboreal pollen values up

to 85% of total pollen.

The Development of the !Mire System

At the onset of deglaciation in the Weichselian,
with the emergence of North Cleveland as a nunatzak,
and the presence of stagnant ice in eastern <tskdale,
Tranmiré Glack began its evolution., "Bolifluction
processes, acting upon an area with few glacial
deposits sensu strictu, gave rise to a stony grey clay
with little admixture of organic matter. There is no
evidence in the stratigraphy or macrofossils of any
environmental chlanges during the accumulation of this
clay, and the pollen analytical record dates from near
the close of Boreal time (late Zone VI), The lithology
of the clay, however, and the presence within it, of

certain pollen types characteristic of Late-glacial

deposits (Tubuliflorae and Filipendula, for example);

"when considered in relation to its close affinities to
other almost identical clay;, definitely ascribable hy
pollen content to the Late-glacial, at other sites in
the region, makes it almosf certainly of this origin,
The eastern part of the channel is flsored by rounded

cravels, very like present day river bed deposits.
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This indicates that, at this time, Tranmire Slack
contained through drainage. At present, a small
stream flows around the edge of the mire, and the
gravels represent nart of its former course. The
ecological conditions in the channel during the Late-
glacial and early Post-glacial periods, consisted of
a stream meandering across the floor, and liable to
flooding, inundating, eroding and redepositing any
sediment which was accumuiating. Apart from the
stream, there were some areas of onen water, represented
by the clay mud abofe the solifluction ceposit, and its

pollen of Alisma, Callitriche, Fotamopeton, Xymphaea,

Sparganium, Hydrocotyle, Lycopodium inundatum and

Filipendula, and macrofossils of Carex, Juncus, ialix

and Betula. This suggests some fringing swamps and
~

fen deposits, but nowhere with an wninterrupted

succession, and an overall, complex hydroseral stage.
In late Boreel time a marked chense too: nlace.

The importance of the stream,.and other water bodies

diminished and a fen carr became quite rapidly

established in the channel. Birch, willow, and later,

&alder were important in this, together with sedges,

Juncus, Thelypteris pvalustris and pnatches of fen mosses.

Within this stage, which lasted through the climatic
"optimum, and into early Zones VIIb and VITI, pollen

records for Menyanthes, “cuisetum, Zpilobhium,

Sparganium, Myrionbyllum alterniflorum, Lycopodium

clavatum and Filicales give a further indication as to
the composition of the mire. Two smzll areas of fine
grey silt aré found witzin the wonod deposits. These
must have come from the surrounding slopes, and were
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the nroduct of soil erosion there, at 2 time wken
the pollen diagram is indicative of some human
influencés in the neighbouring landscape.
“arly in the Sub-boreal period, the fen carr
decreased in importance, when a sedge peat, with

Carex spp., Juncus, Yolinia and bryophytes began

to form, It quickly accumulate”, choking tree
growth, and no doubt having a major influence on

the course of the stream, which by then must have

been occupying something like its present marginal
course. Increasing water availability, and a

rising water table must heve initiated this stage,
when the acidification of the mire first began.

As the swamp developed, drier conditions are

indicated by the nresence of Calluna and grasses in the
macrofossil record. Charcoal is present too, and
human activity must have extended very near to, if not
upon, the site itself., Fteridium is well represented
by macrofossils and pollen late in this stage, and
probably occupied much of the surrounding slopes at
this time.

The final stages of mire evolution were initiated,
according to the pollen spectra, about the opening of
Sub-Zone C (which may represent early Sub-atlantic time) .
The sedge swamp in its later phasés, developed an
increasingly acid flora, with bryophytes playing 2n
important role in the community. Tairly sharply, the
sedge-bryophyte deposit was succeeded by a pure moss
peat, dominated by Sphagnum spp.. Botj nool and
bummock complexes can be deduced from macrofossil

evidence, and the préesent shape of the mire, a
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slightly raised, convex feature, indicates the
effectiveness of this active growth. .It is
difficult to estimate when this ceased, because
the upper parts of the bog have been zltered by
contemporary human activities, and the widesnread

occurrence of Calluna, Molinia and Pteridium in

the peat here, together with the driest huwmmock

forming Sphagna (3. rubellu- and S. compactum),

is attributable in large measure to these,

Vegetational History of the “ranmire Slack :irea

Evidence for the vegetational develonments on the
moorlands around Tranmire-is lacking until late Roreal
time, The first pollen records show that the landscape
was coveréd by a well developed closed forest,

dominated by Pinus and Corylus. Betula, Quercus, Ulmus

and Alnus were present but not of widespread significance
in a 95% closed community. At the close of Zone VI,
mixed deciduous forest replaced a pine-hazel spectrum.
Alnus was especially important early in Zone VIIa later,
Betula assumed this position, both perhaps the results

of local dominance around the mire in the Atlantic period.
The surrounding moors carried a vegetation dominated by

Quercus, Ulmus and eventually also Tilia and fraxinus,

though it may have been.quite open, with Corylus an
important constituent. Pinus also expanded peculiarly
late in Zone ViIa, soon to decline, around the time of
the commencement of Zone VIIb, In the closing parts
of the Atlantic period there appear to have been a

few attempts to clear forest. Increases in sarubs,

and i'elampyrum, Rosaceae anq Pteridium at some levels

suggest that temporary clearances were made, soon to
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recover and become reforested.
. The first effective and lasting clearances came
though in Zones VIIb and VIII, and as at the other
3 sites, three major periods of activity are
separable into Sub-Zones 4, B and C.

Sub-Zone .i showed characteristic attacks on
Ulmus and Tilia, but also most other trees were
subjected to a fairly effective clearance, and tlkeir
percentage cover soon was reduced. The expansions

of Gramineae, Plantagolanceolata and “teridium

indicate an early nhase of pastoral activity which
was quite well developed. However,.Betula and Alnus,
and to a lesser extent Ulmus and Corylus, were able
to regenerate in the later stages of A, only to be
soon subjected to further removal of a most effective
nature.,

3ub-Zone B illustrates the rapid efficiency
of clearance at this time in this area. [lmus and
Tilia were decimated almost to total disanpearance,
and most other trees suffered declines from which they
never recovered, Corylus was quite effective in
extending into some cleared areas, Fraxinus less so,

and it was Calluna, Gramineae and other heathland

plants which spread into the open spaces. It is
difficult to separate phases of pastoral and arable

activity here. Gramineae, Plantago lanceolata,

ilelampyrum, Potentilla, .ianunculaceae, Xosaceae and

Pteridium dominance of the herbaceous components early
on sucgest a pastoral phase; but Cerealia (mainly

Triticum dicoccum and “"ordeum T.); together with

Artemisia, Tagus, Aumex acetosa, Chenopodiaceae,
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Cruciierae and Flantago coronopus show that

cultivation was in progress too, Late in the
Sub-Zone some regeneration, principally by letula,
occurred, human activity while still in progress,
seems to have been less, and the massive extension
of €alluna heathland which started right at the
beginning of A was slowed down temporarily.

Sub-Zone C has as.its main features, firstly
a reduction of the regenérated woodland of late B,
including a severe attack on the shrub components of
the vegetation, leading to less than a 5% cover of
trees and shrubs., This was followed by an
agricultural phase, dominated by Cereals (¥ordeun 7.,

Avena T. and later Seczle), Artemisia, Compositae,

Liguliflorae, Cruciferae, Chenopodiaceae, Rumex,

Centaurea cyvanus, Cirsium and Spergularia. Later,

dominance of Gramineae, CTalluna, ..mpetrum, Plantago

lanceolata, Pteridium and Filicales amongst the

herbaceous vegetation shows that then, pastorzl
farming came to be the most important. The massive
expansion of heath vegetation giving a community not
unlike that of the present day over much of the
moorland, with trees and shrubs confined to a very
few localities. and subject to removal and replacement

under human influences in what may have been ’‘edieval

times.
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CHriPTER 4

THT TCOLOGICAL:, NEVISLOPMEINT Of CLEVELAND

The nurpose of this chapter is to atterpt an
ovtline of the major ecological changes that have
occurred in the landscape of Cleveland in Late “uaternary
time, based mainly on the plant records.ffom the sites
investigated, while taxing into consideration some of
the problems involved in suc* interpretations.

The discussion is separated into two sections,
dealing with the Late-glacial and the Fost-glacial
periods respectively; the latter sub-divided into
(a) The Period of forest istablishment and (b) ‘The

Period of Forest #eduction.

The Late-Glacial Feriod

In this section, vegetational history, and
environmental changes with which it can be correlated,
is considered from the time of the earliest floral
evidence (sometime within pollen zone I) until the
beginnings of the establishment of a tree covered
landscape (about the conclusion of pollen zone IiI).
The evidence is drawn mainly from Seamer Carrs &nd
Kildale Fall, with .est ouse and #we Crag Glack,

providing informztion only about the later stages of

development.

Chronoloay

The zonation of the pollen ciagrams, incepencent
for each, is based on a total pollen sun (excluding
aquatic pollen; ptefidophyte and bryophyte spores),

overall thought to'give the clearest indications of the
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relative importance of plants in what must have been

a largely open, treeless landscape. for Cleveland,
the zonation adopted may have some chronolosgical
significance, due to the relatively small size of the
region. There is good synchroneity between Late-
glacial boundaries within 3ritain and Europe (Godwin
and Willis, 1959), as determined by radiocarbon assay.
The racdiocarbon date of 8,400 3.C. for late ¥re-boreal
time at K{ildale Iiall indicates that a broadly similar
timescale is valid for Cleveland as far as the Late-
glacial is concerned. s yet no absolute correlations
with other Late-glacial sites in north-east éngland is
possible, but developments at Neasham near wvarliagton
(Blackburn, 1952); Lake Pickering near Scarborough
(Godwin and .alker, 1954); Tadcaster on the iscrick
moraine (Bartley, 1962); iomaldkirk in Teesdzle
(Bellamy et al., 19586); Thorpe Bulmer and JSout:
Wingate in eastern Durham (Bartley, personal co munication)
and Cranberry Bog in central Durham (Turner, personzl
communication) show certain affinities to the Cleveland
ecological record. Dizgrems from iiby Grange,

Lincolh shire (3urzate and Jest, 1958), Bambur:h,
.Horthumberland (Bartley, 1966) an¢ Corstorphine,
Ecdinburgh (MNewey, 1970) zlso are relevant; vhile in
northern Zurope, the investigations in Jeamark
'(Iversen,1954, iKrog, 1954) and the Netherlands (Yen cer
ilammen et al.; 1967) provide important comparative
vetail.

In Cleveland, the Late-glacial period has bcen

sub-divided into Lower Dryas (Zone I), followed by the

Aller8d Interstadial (Zone II). No B0lling oscillation
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(Zone Ib) is recognized, but Zone II is characterized
by three divisions, a, b and c. “e final phase of
Late-glacial time was the Younger Oryas period,
(Zone 1Ii).

The actual end of Full-glacial and the begianing
of Late-glaéial time is problematical. Cross (1957)
defines the end of the Hauptwur: Jtadial in .vrope and
the beginning of the Late?glacial there at the start
of ice retreat from the Fourerizn moraines and the
opening of the oldest Sryas period, which firbas
(1949) called pollen analytical zone Ia. ~e Jeer
(1954) calculated by varve analysis that the Ponmerian
glacial stage ended before 14,020 °.C., and the olcest
radiocarbon dates for Follen Zone Ia co not exceed
13,800 i 800 B.C. The bcginning of the Late-glacizl
was érobably therefére, around 14,000 B.C. .olsteat
(1956) divides the !’ittel-wurm and the Late-glacizl
towards the end »f the initial retreat from the
Pommerian moraines, and both he and Gross (1957)
include the 3%1lling and the ..l1lerod amongst Late-glacial
interstadials.

Ven uwer Hammen (1952b, 1957z, 1967) defines hLis
Pleniglacial/Late-glacial boundary on palynological
criteria, principally a rise in the Artemisia pollen
curve, occurring at the Olfer-Younger Coversznd interface
in the letherlands. FHere the 'I'ain ‘Jurm' lasted from
about 26,037 to 15,C00 years ago, with what has been
termed 'polar cesert' vegetation and conditions in its
latter stzges (Van der Hammen et al., 1967). 4
radﬂocarbon date of 11,300 B.C. has been obtained by

thede workers for the Pleniglacial/Late-glacial boundary.
{

/
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" In northera -ngland it is assumed, (Fenny,
CooLe and Catt, 1969, Penning&bn,l970) that
Ful?-glacial conditions existed from about 25,000 to
15,?00 years ago. Godwin (1956) stated that the
Ful?/Late-glacial boundary lay somewhere within pollen
anaiytical Zone I, but it was not precisely known where.
Radiocarbon dates of 18,500 ¥ 400 B.P., and 18,240 1
250/ B.P., from what is regarded as an Upper Pleuiglacial

mos% silt from Uimlington, east forkshire not of

interstadial rank (Penwny, Coope and Catt, 1969) and

overlain by the Drab, Furple and Fessle Tills of Upper
Plepiglacial (Eeicﬁsglian maximum) age, are critical
in Lhe area, The site is outside the Late-glacial
'mor%ine limits, and the tills zre overlain by pre-
All%rﬁd sediments, for example at Star Carr, by Grange
andiat Tadcaster. The .eichselian ice had retreated
i
fro% north Lancashire by about 14,000 3.P. (lodwin and
Wilhis, 1964) and the south-west .Jcottish Lowlands by
13,P00 B.P. (Yoar, 1963). Between 18,530 3.P. and
13,b‘0 B.E. therefore, the three Jdivisions of the
Veichselian maximum drift were deposited. Penny,
Coqpe,and Catt (1969) suggest one composite ice sheet

with no time for three separate ice invasions, anc

Francis (1970) and Land (personal co-nunication) support
thi's scheme for urhem and north-east Yorkshire. The
maximum .eichselian advance must have been reached just
beyond 18,000 B.P., and as ~imlington is only 3C
kilometres north oi the .eichselian till limits the ice

cannot have been far north of the site before 18,000 3.P.,

as |the impoverished insect fauna and bryophyte habitats

éf!the silts indicate.
i

|
!
|
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| nt Seamer Carrs ané £ildale ilall a fuil
suc#ession of Late-glaciél c¢eposits cccurs, Uocwin
and .alker (1954), Juzgate and est (195C) and
Barfley (1962), all suggest that there is some cvidence
at their sites for : serarate Svlling oscillation witzin
Zong 1, but radiocarbon assays are absent, and Godwin
(peronal communication), is disinclined to believe
thak a separate Bdlling exists in 3ritain, a view which
is becoming increasingly held amongst workers in the
field of Late~-glacial palynology. The Allerdd is
present and well cefined at many sites in norti-east
Zngland., Tllewey (1972) and Bartley (personzl comunication)
havé reported an .llerd? sequence divisable into threae
par;s in south-east <cotland and eastern ~urham
respectively.

t  Iversen (1954) anc¢ .rog (1554) in Jenmmark su;gest
siﬁilar divisions of Zone II time, '.and both Cleveland
sites (weamer Carrs znd :lilcale ~all) arpear to conform
to 'such a pattern, If Van der Ia en's .irtemisia rise
criteria is zcopted in order to determine a possible
Fuil/Late-glaciaI boundary, both Cleveland sites can be
regarded as having pre-Allerdd sediments of Late-glacial
agé, with no evidence for Full-glacizl conditions,
Hoéever, the lack, as yet, of any clear and finite
evidence from known interstadial and interglacial sites
in the area makes only pollen analytical zones suitable

for correlations, and in what follows they provide tae

basis for description and definition.

Préblems in the Interpretation of the Lete-Glaciel

]
Pollen lecord

-ﬁssemblages of Late-glacial vegetation have been
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charecterized for many areas, being synthesiged
notébly by Godwin (1750) anc ieraington (1953).
There have been vearious ap roacaes to the rnalysis
of such vegetztion. we.lker (1956) attempted &
classification into wabitat types (viz. .ry lanc
herbs znd Damp land herbs) in order to separate
com;unities. Community characterization, with
analysis of habitats and tolerances is 2 desirable
method of approach, and has been adonted by Proctor and
Lam:bert (1961), ¥irr and Godwin (1963), '"oore (1970)
and Pennington (1970). |

| Pennington (1970) suggests that while this
approach is the best one, it does raise problems,
particularly when marginal hydroseres of shallow basins
are;included in the analysis. Then, such taxa as
Gramineae, Cyperaceae and Compositae are included in
more than one community and are difficult to assign to
a particular one with confidence.

The ratio of arboreal pollen to non arboreal
pollen is also important in Late-aslacial spectra. A
higher arboreal/non arboreal pollen ratio, or a chance
to ‘'one, has been interpreted as indicating periods of
climatic amelioration, and a reverse of this ratio a
reﬁurn to a poorer climatic rerime. The possible
loﬁg distance transport of pollen grains, especially
of Pinus (which has no macro-fossil representation in
the Cleveland Late-glacial) must be considered,
pafticularly with reference to recent studies of pollen
tr%nsport (Tauber, 1965). If Pinus arrives by long
di;tance transport, and remains a constant amount yearly,

then when local vegetation components (and their supply




;‘ 152
of ?ollen) are reduced, pine will increase in the
spectrum. Such spectra need careful consideration
if Eiﬂ&i is a major contributor, (Jessen, 1949).

. There is commonly one other tree type found in
Laté-glacial deposits, Betula, and this too presents
problems. Typical grains of dwarf birch, Betula
Eggg, have been distingui'shed by observation and
measurement from those of tree birches, for example
by Terasmae (1951), Talker (1955) and Bartley (1962).
There is a large area of overlap, however, and even
quéntitative separation methods such as used by Pirks

(1968), based on the pore depth to grain diameter

ratio of Betula nana and tree birches cannot be used

where Yydrofluoric acid has been used in the
preparation (distortion of grains results). Therefore,

the proportion of 3etula falling outside the accepted

- ma—

"characteristics of Betula nana, may, according to
Peﬁnington, (1970) in fact be it, and it is inaccurate
to regard a curve for percentage Betula pollen as
indicative of the relative importance of merely trees
in the vegetation, A rising Betula curve could be

nearly all Betula nana, and to overcome this to some

extent, the Cleveland Late-glrcial diagrams have a

separate Betula nana curve, but the grains have been
inéluaed, where necessary, with the tree pollen sum.

. The use of ab;olute pollen counting technicues
in America (Davis and Deevey, 1964) and in nerth-vest
Enéland (Pennington and Bonny, 1970), has produced two
frlsh theories on Late-glacial pollen diagram

interpretation. Tirstly, at times such as the early

Late-giacial when absolute pollen frequency was low,
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changes in percentages of various tree pollens,

previously interpreted as evidence of climatic

oscillations may represent statistical artifacts
rat%er than significant vegetational changes. Also,
at the Late-glacial/Post-glacial boundary absolute

couhts give herbaceous pollen frequencies which do not

dim%nish greatly, as they do with the percentage method

whe¢ they are suppressed by massive increases in total

[
yearly production of tree pollen which occurred when
I

many trees spread in the early Post-glacial.

i
TheiLandscape

! The retreat of the Weichselian ice left boulder

clayis and sands and gravels spread quite thickly over

the ICleveland Plain and in the dales, the North Cleveland

VoorF being left with glacially eroded landforms by what

was [presumably "clean' ice. In the early stages of

degl?ciation there must have been a number of cold,
|

fres#water lakes, Qammed by the retreating ice margins
or b& material dumped from the glaciers. The climate
woul% have been severe, with perhaps perennially frozen
grouhd and a waterlogged soil, limiting the spread of
plan% érowth; something perhaps close to Van der
Hammen's concept of a 'polar desert'. The water bodies
must!have drained, water tables falling as a consequence,

|
with' the accentuation of habitat differences on the

|
boul@er clays and sands and gravels of the lowlands and
the éare rock of the uplands. All this would have been
acco¢plished graduzlly with the boulder clays the best

area$ in terms of available nutrients for plant growth.

Even the lowland sand and gravel spreads, and the uplands

with their soliflucted slopes must have beén reasonable
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areas for plant colonization when compared to present
day conditions with leaching at an advanced stage
everywhere.
The relative positions of land and sea in

eastern Englaﬁd at this time are reasonzbly well
knovm., The majority of what is now the southern
North Sea, (to a line about the ?aéh), was land,
connecting Britain to Europe (Jelzersma, 1961).
Thus a good avenue for nlants recolonizing the glaciated
areas after s-ending the cold periods of the Zuaternary
in refugia to the south of the ice sheets was afforded.
for species which retreated immediately soﬁth of the
last glacial limit, the broad lowland corricdor between
the western and eastern uplands of England was an
impértant micratory route northwards for vegetation.
The -physical barriers of the Pennines, for example,
maylhelp to explain the somewhat differing Late-glacial
environments of north-west and north-east Fnzland.

ne lowland basins of Cleveland, after the
gradus]l meltinc of the ice, accumulated 2 considerable
depth of pure silty clay with little organic content
and few aquatic pollen types. This suggests that a
fair amount of solifluction was in nrogress and that
‘fhe water bodies £hat existed were frozen over for
quite long periods. The fresh, loose fluvio-glacial
depoéits of the lowlands were more conducive to
mass-movements than the bare uplands with their
siliceous bedrock. The upland mires, with deposits
whicﬁ must in part represeﬁt early Late-glacial time,
-haQe:a much coarser solifluction clay with angular

stones, indicative of more severe processes than those
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of the lowlands, where, in spite of a similar lack
of vegetation cover, only the finer deposits were
moved into the lakes. S0lifluction is a variable
phenomenon vhich can be caused by either a rise or
‘a fall in mean temperature, or simply variation around
a mean, fiving femporarily or permanently ffozen ground.
The Cleveland kettle-holes and inter~-drudlin hollows
could have carried ice blocks for a considerable period
at this time. In Denmark, fartz (1912) reported :some
kettle-holes retaining 'dead' ice blocks for 2,272
years after deglaciation,

Both stratigraphically and pnlinologically it
proved impossible to determine the Full-placial/Late-
glacial boundary in Cleveland. Fowever, very little
derived pollen (for example, of Carboniferous and
Tertiary age) was encountered at the lowest analysed
levels, and continuous curves for certain pollen types
sucﬁ as Artemisia and fumex make it feasible to plece
the basal deposits of the lowland mires within Pollen
Zone I, The upland channel mires, where presumsbly
conditions of accumulation accompznied by intensity
of periglaciation have prevented the delinitation of

full and clear secuences, rem2in a problem in this

-respect,

Pollen'Zone IT saw a c¢istinct change in conditions,
with base-rich orgznic muds laid down in the mires of
Seamer and Kildale. The absence of these deposits at
the other sites may be explicable by their removal and
redeposition by later solifluction, or simply that the
climatic amelioration which caused their formation did
not have sufficient effectiveness to do so at the higher

altitudes. Very little silt is found in the organic
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deposits, (save in the middle of the sequence, where
mass movement must have occurred again), and generally
solifluction ceased while lake productivity increased.

Pediastrum expanded, and at Xildale mollusca and

bryophytes flourished in a very base rich marl, indicating
considerable climatic amelioration during the 1,2C0 or
so years duration of.the_ﬁllerba interstadizl (Godwin
and Willis, 1959. est, 1968).

Pollen Zone III, with a time span of only around
500 years (Codwin and VJillis, 1959. VWest, 1968) saw
the accumulation of a considerable thickness of coarse
sediment at all sites. It was a period of renewed
solifluction and of mass movement into the mires, where
organic productivity fell. Once again, the 200 metres
altitudinal difference between the lowland and upland
sites, and the effect of this upon processes active at
the time is shown by the much coarser solifluction clays
of the moorland mires. The presence of a variety of
aquatic pollen in this zone indicates that while the
climate was severe, the annual period of freezing over
of the water bodies was not enough to inhibit plant
growth, but it did reduce their frequency. ‘“he high
base-status of the lake water was maintained by the
inwashing of sediment, while the slopes marginal to
the mires remained unstable and largely unvegetated.
Toward the close of Late-glacial time, (around the
Zone 1I1I/Zone IV boundary), the accumulation of
inorganic matter in tﬁe mires ceased gradually, showing
that solifluction was reaching an effective conclusionl

and that the slopes were becoming markedly more stable.,
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Hydrosere Development

Hydrosere development has been discussed
separately for each site, but generally some trends can
be deduced in their evolution,

At Seamer Carrs and Kildale Hall open water bodies
existed throughout Late-glacial time. The flora was
quite impoverished early on, but later, in Zones II and

1II Potamogeton was joined by Nymphaea, Nuphar and

Alisma; Typha latifolia, Sparganium, Tilipendula,

Thalictrum and Hydrocotyle were added to Cyperaceae,

Gramineae and 3alix in the fringing swamps and poor fens.
The unhindered evolution of these lakes throughout
Late-glacial time points to the existence of two
factors, (a) that the vegetation cover of the slopes was
tolerant of instability and (B) that the lake flora was
not adverse to renewed silting (cf. the aguatics and
hypnoid mosses present). At I'ildale all the extinct

and very rare species, Paludella squarrosa and

Camptothecium nitens amongst the bryophytes were joined

by a variety of mollusca including Limnaea, Psicium and
Planorbis in a base-rich and rapidly accumulating

Zone I1 deposit. The lowland hydroseral succession can
be contrasted with the situations at lest Iouse, Zwe
Crag Slack and probably Trammire Hlack also. Here the
Zone 111 hydroseres show that patches of fairly shallow
open water existed with a quite poor aquatic flora and
associated swamp and fen species, rather similar to the
Zone I conditions of the lower sites. tiowhere does
solifluction appear to have been severe enouch to cut
off all records of hydroseral change, as found, for

example, in northern Northumberland, (Bartley, 1966).
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Land Vegetation

The most obvious feature of the Cleveland Late-
.glacial pollen record is the dominance to a greater
or lesser extent of herbaceous pollen over that of
trees and shrubs. In view of the mechanics of the
pollen sums (based on toéal pollen) this implies that
for the majority of the time a predominantly open,
almost treeless landscape existed, even during the
Allerod interstadiél, when Seamer and Fildale furnish
evidence of slightly more abundant tree growth.

The absence of pre-Zone TII sediments in the
upland mires is to some extent compensated for by the
fact that the pollen svectra for the basal clays there
accord well with the Zone IYT lowland florz. Trees,
shrubs and herbs available at Seamer and "ildale increased
thei? frecuency in Zone II indicating a lack of competition
between the plants, all within_the limits of their
climatic tolerances, and available either from within
the area or from outside it with relative ease.

During Zone I the vegetation appears to have been
predominantly herbaceous with » wide variety of taxa
represented on the pollen diagrams. \The open nature
of the landscape is clearly shown by the assemblage of
heliophytes, for example, Artemisia, Chenopodiaceae,

Cruciferae, Epilobium, ‘umex acetosa, ilelianthemum,

Polemonium, Galium, fhelictrum and Saxifragaceae.
Grass and sedge pollen dominates the ezrly

spectra, together with Salix (probably &, herbacga.) and

Betula nana. Some tree birches must have existed, but

it was FTinus which dominated the arboreal sector, its

high and fluctu~nting percentages making it ascribable
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with some confidence to transport from distance.
Overall, it must have been an open sward, dominated by
short turf communities on the well drained slopes,

with Felianthemum, Zompositae, Rubiaceae, Botrychium

and Lycopodium spp.; dwarf shrub-heath with Betula

nana, Salix, Juniperus, Hipponhde and Zmpetrum =nd

——ter vm. ey -

taller herbaceous communities with Carvophvllaceae,

Filipendula, "umex acetosa, Tolemonium, Cyperaceae and

Thalictrum in—-dampef situadions.

Rises in certzin pollen frequencies near to the
conclusion of Zone I, notably those of Juninerus and
Hippophae, indicgte a rise in temperature and the
borderline between the sub-arctic, 'stenve-tundra' of
the immediate post deglaciation period and the more
temperate 'park-tundra' of Zone II (Iversen, 1954).
Tor its existence, ilippophae needs a temperature of
over 10°C and cannot tolerate more than a transient,
thin snow cover (Gams, 1943), while also seeming to
require climatic and edaphic dryness (Gams, 1952) .
Juniperus thrives on 2 snoﬁ cover, but flowers in
profusion only when this is recuced and it can spread
beyond the snow patches, becoming suppressed asein
when either increased snowfall or denser forest growth

occurg{

The virgin soil of the Late-glacizl period had
as yet undergone very little leac™ing and weas
everywhere, even in the most acid environments, no more
than neutral or slightly acific in reaction. Indeed
some areas, boulder clay tracts for example, must have

been quite calcareous habitats.

At the opening of the .llerdd interstadial,
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it was the drier cormunities which suffered most,
giving way to patches of tree birches in favoured
localities, with Pinus nerhaps even making an isolated
apnearance. The absolute increase in pollen frecuency
in Zone Ila, especially of Betula, (even 2llowins for a

Betula nana /.tree birch overlap), must mean that there

was an increase in trze birch cover. One of the nost
sigpnificant indicators of temperature increrses in
Late-glacial times is a rise in filipendula values
(Iversen, 1954), and this occurs in Zone II in
Clevelsnd., Also in Zone II many of the herb communities
of Zone I extended, becoming more well developed if
somewhat less dominant as slopes stabilized, soil |
conditions improved and organic matter began to
accumulate. Both Late-glacial diagrams show a couble
Betula meximum within Zone II (Zones IlIa and TIc)
indicating two ameliorations separated by a recession
(iIb), when silt was noved once again into the mires.
In the warmer periods the summer maximum temperature
must have been about 12°C which is the minimum summer
value for tree birch growth (Iversen, 1954). lanley
(1953,1959) has made estimates of Allerod temperztures
for northern Britain, indicating a summer maximum of
over 10°C for the Allerdd. At the conclusion of Zone
IIb, when there had been some extension, perhaps
locally, of herbaceous communities again, rises in

frequency of Juniperus and Hippophae suggzest the passing

of the tree line in the area and the start of 7one Ilc.
In this part of the Allertd birch woodlend was best
dévelopeﬁ,~with perhans some pine also. ‘The 'park-
tundra' of Iversen (1954) must have been approached,

patches of birch woodland growing close to the mires
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on sheltered, south facing slones, a situation
envi saged by Blackburn (1952) at Neasham, and Newey
(1970) at Corstorphine, In the 1,200 or so years of
the Allerod interstadial (Godwin and Willis, 1959),
apart from extensions of tree growth, closed grasslznd
occupied drier slopes and damp hollows while fen co—runities
made up the majority of the renraining landscape.

This situation was effectively disrupted cduring
the 500 or so years of the succeeding period, Zone III,
(Godwin and Willis, 1959). The performance of Betula
deteriorated, indicating a lowering of temperatures,
sufficient to produce mass movement and frozen ground,
with a retufn to unstable and rapicly changing plant
communities. There is no evidence for any glacier
formation and readvance in the region, such as occurred
in north-west England in Zone III (liianley, 1953), where
a fall in temperature of 9°F in areas with over 70
inches.of rain per annum was sufficient to produce such
conditions. The North Yorkéhire Moors, never a centre
"of glaciation in the Pleistocene, could not have fulfilled
these requirements (Gregory, 1962). .lthough conditions
in Cleveland must have been a good deal less severe than
around the Lakeland Fells, there is no doubt that the
vegetation became open once again and that tree growth
was not successful., ©igh values for Finus pollen can
once again be attributed to movement over long cistances
in a landscape suited to such transport (Tzuber, 1965).
Dwarf shrub and heath communities dominated again with

Betula nana, Salix, Juniperus, Hip-ophae, Tmpetrum,

Artemisia and Rumex acetosa important; Gramineae and

Cyperaceae expanding into areas formerly occupied by
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birch woodland and closed grassland. A single

occurrence of Ephedra distachya with its liking for
a ste~pe like climate and basic substrate, and records

for Armeria and Baxifragaceae emphasize the instability

and re-assortment of plant communities that took place.
Zmpetrum heath was important, but localized on the
sandier drift and thin upland soils which provided a
suitable base-poor bzbitat for its extension,

The impoverished mire flora of this period wes
matched by that of their fringing swamps and fens,
Near to the Zone IV transition, organic matter began to
accumulate at all sites, but only at Seamer Carrs did
Juniperus show its characteristic extension as the
forerunner of closed forest. ‘tlsewhere the Late-glacial
components disappeared slowly as they became shaded out
by recovering Betula woodland; or, more cowmonly, with
the cessation of solifluction and the stabilization of
slopes, a mosaic of communities ric> in shrubs and herbs
in a2 state of imbalance, and contzining little closed
woodland, sensu strictu, took over in the dales and on
the moorlands, while 2 closed forest, mainly composed

of Betula, began to colonize the lowlands

The Post-Glacial Period

(a) The Period of Forest Tstablishment

EN

The purpose‘of this section is to cdescribe the
environmental chenges that occurred from the time of
the initiation of a forest cover (Zone IV), through
its development and maximum extension (Zones V, VI and

VIiIa), until the first concerted attempts at its

. cisruntion (early Zones VIIb and VIII).
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Chronology

The five sites provide evir‘ence for these stages,
but Tranmire Slack is restricted to information from
later Poreal time onward. The pollen diagrams,
independently zoned according to Godwin's (1956)
scheme for %ngland and Wales, are based on the relative
abundance of all types of tree pollen, a2s a total tree

'pol}en sum (page 62). Alnus and Betula are considered
to have been likely to have pl;yed significant roles

in hydrosere development and are interpreted with this
in mind. % racdiocarbon date of 4,77C B.C. for the
Boreal/Atlantic transition at "Yest House, has been
obtained, and, when taken in conjunction with the
radiocarbon assay from Kildale Mall of 8,400 1.C. for
early éoreal time (assuming slight errors in each, due
probably to sampling), a tentative 'normal' time scale

for Boreal time in Cleveland can be assumed.

The Landscape

Cver the majority of the region, the cessation
of solifluction and the establishment of some form of
continuous vegetation cover, reduced soil disturbance
to a minimum and led to the gradual accumulation of
organic matter and the development of soil profiles,

The relative positions of land and sea in eastern
England remained fairly constant in early Toreal time,
with the ¥Morth Sea'predominantly land south of a line
extending from mid-way between the present Tees #nd
Humber estuaries across to Scandinavia (Godwin, 1956,
-Jelgersma, 1961). An effective migratory route for
plants was therefore maintained, and operated along

with the lowland corridors until later Boreal time when
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eustatic rise in sea level and tectonic downwarning
of the Torth Sea basin caused the submergence of the
“"land bridge" separating Britain from the Con&inent.
The extension of oceans resulting from this must have
been a factor in the humidity changes at the Foreal/
Atlantic transition; with many low lying areas
flooded by the transgression along the north-east coast
of England aiding the trend towards increasing wetness

in the environment,

Hydrosere Nevelopment

The early Post-glacial period saw little
parﬂﬂéii&nin the hydroseral development of the sites,
each being affected largely by local conditions. The
large and deep 3Heamer Carrs lake was accompanied by a
smaller, shallower one at I'ildale Kall. Both had a
high productivity and a cuite luxuriant acuatic flora,
together with reasonably well developed fringing
reedswamp and fen communities., Eutrophic conditions were
maintained at both, with open water at Seamer throughout
the period, the Kildale lake drying up in the late Boreal
to be replacea by a base rich fen carr, with Pinus
ﬁpon it at one st;ge. ‘est Fouse too had open water in
early 3oreal time, but this was replaced by Phragmites
swamp and later by a fen carr, again with Finus as a
constituent in the later stages of Boreal time.

Similar situations existed in the channel mires, with
Twe Crag Slack dominated by a fen carr, and Tranmire
Slack Ionce the stream course had been choked by bog
growth) having patches of open water until the late
Boreal., The opening of the itlantic périod saw a

reversal rather than a logical progression of hydroseral
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succession at Ewe Crag Slack and at Test “ouse.
Eere 93595 dominated reedswamps developed and
became progressively more acidic, These must »ave been
initiated by rising water tables (which led to a fen
carr development at I"ildale Fall and Tranmire). The
amount of base-poor drainage water entering the mires
increased as soil leaching on the surrounding slopes

became well advanced.

Regional Vegetational Mistory

The climatic amelioration which began towards the
close of Late-glacial time is indicated by a number of
factors, Apart from the end of inorganic matter
accumulation in the mires indicating the conclusion of
large scale mass movement and the establishment of more
stable slopes; continuations in the rises of the

Filipendula curves over the region, accompanied by

varied rates of extension of birch dominated woodlands,
show that for the first time since the illerdd
interstadial temperatures had once again reached a
summer maximum of 10°-12°C, Certain characteristic
Late-glacial heliophytes were shaded out cuickly by the
cdlonizing birch forests, especially at lower altitudes.
No evidence exists from macro-fossils to prove that
Bigﬁg was a forest coméonent at this time, but its
pollen curves are more consistent and the climate should
" not have been such as to preclude its extension, Some
of the temperature 'indicator' curves (e.g. that for

Filipendula) suggest that generally, climatic amelioration

was so rapid that forest development could not keep pace

with it. The Cleveland Plain, where a late Zone III
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Juniperus maximum indicates the proximity of the
tree-line, and its subsequent extinction the passing
of the same, experienced a rapid and comprehensive
colonization by closed 3etula forests early in the
Pre-boreal period. This emulates the pattern of
change at Star Carr (Godwin and .alker, 1954) and at
Tadcaster (Bartley, 1962), in the eastern English
lowlands fo the south of Cleveland.

Betula is an adaptable, pioneering species with
a rapid dispersal rate due to its numerous, light seeds,
and there is little doubt (from macroscopic remains

evidence), that the most important species in the

Post-glacial forest period was B. pubescens.

In the lowlands only in small areas between the
edges of the forests and the mires.did open cormunities
remain, Salix doing well on the base-rich soils, together

with Cyperaceae, Umbelliferae, Caryophyllaceae, .lubiaceae

and Rosaceae.

In the dales, and on the moorland, the accumulated
evidence from Kildale Hall, ‘est House and Zwe Crag Slack
indicates open conditions over much of the afea during
Zones IV and V. A time-lag in the arrival of
colonizing species at the higher altitudes, together with
local edaphic factors influenced the type of vegetation
present here, Some closed Betula forest developed in

favoured localities, but in other areas, around Kildale

Hall, for example, Zmpetrum heath was important. The

presence of Empetrum heath has been interpreted as an
indication of an oceanic climate (Jessen, 1949.
Smith, 1961a). In Cleveland, edaphic factors,
particularly sandy soils must have contributed to the

maintenance of such communities, into which birchr trees
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were unable to expand. It may have been that in
these situations the temperature was not sufficiently
high to permit extensive colonization by birch.
This factor may perhaps be extended to include Corylus,
which immigrated in %one IV, and zlso faced with open
habitats wﬁich it likes to colonize, failed to do so.
This implies that temperatures were below 15°C in the
uplands at this time (the minimum summer mean needed
for the rapid extensidn of Corylus). ‘The delayed

Filipendula maxima at Kildale Hall and Jest “ouse may

reflect similar conditions, the deep Kildale valley may
have been susceptible to late frosts which ihhibited
good tree generation in a frost hollow situcstion.
Bartley (1966) has invoked exposure to explain the
persistence of open habitats in some parts of northern
Northumberland at this time. ‘The situation in‘upland
Cleveland must have been quite similar, with open
canopy birch woods with first Sz1lix, later with Corylus
alons their margins, accompanied by Empetrum heaths on
the acid soils and calcareous grassland communities on
the base-rich and less stable slopes.

Behre (1967) has suggested that within Zone IV
there was a climatic oscillation with forested
conditions being replaced by more open habitats and
these reverting to forests once agnin., The Aiagrams
for upland Cleveland are complicated by the fact that
conditions were generally open anyway in Zone IV, but
Seamer Carrs does show a small expansion of herbaceous
types, especizlly of Znpetrum at this time, when birch
forests had developed around tﬁ?t area.

The first records for Ulmus and Juercus (late
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Zone TV znd early Zone V), show that these trees i—migrated
early on and found suitable habitats in which to become
established. The unland diagrams records probably

represent grains of Ulmus and ZJuercus brought through

the open cznopy environment of the very early Post-
glacial period. It is hardly likely that in the face
of the failure of ?etulﬁ to colonize, more ecologically
demanding Ulmus and ZJuercus would form anything more
than very isolated stands. Later in Zone V two
significant trends took nlace in the vegetational
succession. Now the overall dominance of Tetula begaﬁ
to wane; the lowland forests being sunplemented by
increasing numbers of Ulmus and Tuercus as well as Pinus
and Corylus, the uplands becoming covered by a Pinus -
Corylus association. The lowlands anpear to have
received their first complements of elm and oak at
about the same time, with the former able to establish
more rapidly than the latter.

The openihg of Zone VI, around 7,C00 3.C. (Godwin,
Jalker and Jillis, 1957) , saw these trends hastened,
with @he uplands becoming covered for the first time
with a reasonably closed forest community. ‘The
behaviour of Corylus ¢an be used as an index of climatic
conditions at this. time, fts great extension everywhere
indicating a complete lack of climatic inhibition, and
a summer maximum temperature of at least 15°C, as well
as dry conditions and the absence of late spring frosts.

The expansion of Ulmus in Zone VIa corresponded

'witg the reduction in Betula on the best soils of the
lowlands; while in the uplands 2 much more powerful

complex of factors were interacting to give an up'to
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86% Pinus dominated, forested landscape. There can
be no doubt that inus was an important constituent
of the lowland forests at this time (Godwin and Talker,
1954), taking up suitable sandy soils there, However,
as shown at Seamer Carrs, throughout Zone VI there was

a well established closed canopy forest of Ulmus,

Quercus, Betula and Corylus with only minor readjustments
ltaking place ia community structure. Pinus is a

pioneer species with wide climatic and edaphic

tolerances, but most favouring a dry climate and an

acid soil, ' It has mobile seeds and therefore

advantages over slower seeding species such as {uercus,
which too must have been attracted to the open

conditions and sandy soils of the Cleveland moors in
Boreal time., The extent of the Pinus forest was

limited, with its lower boundary somewhere between

Seamer (70 metres 7.7.) and Kildale ifall (170 metres C.D.).
The pollen diagrams and mire stratigraphy show that during
Boreal time Finus even extended across some of the bog
surfaces. Pinus casts a deep shade, and is not eaéily
replaced by an:understo;ey, so the Corylus component of
these forests must have occurred in marginal and perhaps
more favoured habitats, such as damp hollows or valley |
sides. It is quite common at present to find “uercus

robur, Ulmus and Setula at lower altituces, succeeded

by Pinus woods at around 350 metres and this renlaced
at higher elevations by 3etula scrub (Tansley, 1939).
Betula disaipeared on the North Cleveland iloors because
it was shaded out by Pinus stands, taking up a place
peripheral to them together with Corylus and Quercus

petreae as the most important forest components.
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Zone VI saw &lnus become established in
Cleveland. mrdtman (1928) correlated this with
the tree's nrominence in fo?est ~istories of countries
along the southern shore of the Horth Sea at this time,
and the continued presence of the '""land bridge"
between Britain and the Continent, leading to a more
rapid and early spread of Alnus along the east coast
of Britain than along the west. The maximum
extension of Alnus did not begin nntil late in the
Boreal (Zorue VIc) and.early in the Atlantic (Zone ViIa)
when Pinus - Corylus cominance was disarnearing on the
uplands and Cuercus and Ulmus had established as the
"most important constituents of the lowland forests.
Erdtman also suggested that the Alnus rise contributed
to the sunpression of the Pinus curve at this time, but
it is more likely that Alnus replaced Betula (which
also declined) in the damper habitats as soils became
waterlogged and acidic. Also Alnus must have been
competitive in otber habitats; the damper elements of
the lowland oak and elm forests and the mire fringes,
for example, would have been ideal sites for rapid
colonization. The spread of ..lnus in the early
Atlantic, and the associated development of closed
deciduous forests in both unland and lowland Cleveland,
dominating, can be explained largely by the climatic anc.
edaphic requirements of these trees. ilnus cannot
tolerate cold, esnecially late frosts, and needs
abundant soil moisture for maximum extension (Mcvean,

1953, 1956a). ‘uercus must have a July mean of over

13°C, vhile the presence of edera indicates that
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winter means were above 1.5°C and oceanic conditions
existed in the Atlantic period.

Godwin (1956) considers the early mart of
Atlantic time as the 'Climatic Cptimum', with 2igh
temperatures aﬁd a moist climate suprorting a 'climax'
type deciduous forest cover. In Cleveland,
temperatures had been aneliorating since thé end of
Late-glacial time, with the late Boreal period one
of méximum dryness. Precipitation on the other hand
does not seem to have increased until around the time
of the Boreal /Atlantic transition (circa 4,770 B.C.
at 'Yest House). Throughout Soreal time normal
climatic elementé were in operation, with soil leaching
progressing; but it was the increased oceanity that
fesuited from Britain's separation from Europe about
this time which most influenced the hydrological cycle.
Increzsed precipitation caused rises in water tables
with acidic soils developing, and at many higher
localities this soon led to the inception of blsn™et
peat formation and some déstruction by this of forest
cover. In Cleveland, while no blanket peat forrerd,
the effects of t-ese nmrocesses on the mixed oa' fornsts

of both lowland and uplanc must have been consicdercble.

Fuman Influence on the Landscapns “uring the Morveal =nd

Atlantic Periods

Until comparatively recently, the view was held
that *esolithic. man was dominated by his environment
(iversen,l949. ‘odwin, 1956) . }'owever, the rindings
in pollen analytical studies of pre Sub-boreal deposits
of evidence of huran activity { .imbleby, 1962.  oimmons,

1964, 1969a), has led to a rethinxing of established
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concepts, notably by Smit. (1970).

In north-east Yorkshire, ~imbleby (1962),
Simmens (1969a) and Sivmons.and Cuncill (1969),
have outlined possible iesolithic influences in the
landscape of the higher moorlancd, relating this
activity to the “tlantic period. This accords
with archaeological evidence there of late l'esolithic
artifacts (Radley, 1969), and has been relzted to
forzst clearances and blznket peat growth.

Por Cleveland, “eamer Carrs shows no
palynological or other evidence of such early nan;
not really surprising in view of the prevailing densely
forested landscape of the lowlands af this time, a
habitat which it is known Mesolithic peoples did not
favour. At Star Cerr near Scarborough (Clark, 1954) ,
in a lowland situation with almost identical vegetation,
é msjor cultural sroup existed in the early oreal period,
This culture hzs been ascribed to a form transitional
between Fppér Palaeolit®ic and Mesolithic, #nd the
reasons for its existence may have been the =»resence
of a favourable, large, open, lake-side camping ‘site
close to the coastal area to which they came from
Scandinavia, across the "'land bridge'".

Stratigraphical and palynological évidence,
together with a radiocarbon date of £,470 3.C. for
early Post-glacizl activity at I'ildale Fall, bhas
nrovided some evidénce of “"esolithic activities in
Boreal time in Cleveland. The small lake and the open
habitats surrounding it in Kildale must have served as
a watering and browsing area for animals such as the

neindeer (Ranpgifer tarandus), Red-deer (Cervus elaphus)
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and the Aurochs (Bos pgimjgenius), the remains of 21 of

which have been recovered around the iilcdzle ¥all site.
The pollen record from the levels of the Bos bones and
their associated charcoal, incdicates an age of around
late Zone IV or early Zone V, There appears to be
some reduction in the tree cover, and expansions of

Corylus, Gramineae, ..osaceae, :'elampyrum, Artemisia

and Rumex acetosa follow this, with a sugsestion of the

use of fire to flush out ~ame or make small clearings.
Zimbleby (1962) points out that the effects of
Mesolithic man could have been quite major in spite of
his small numbers., His use of fire was bound to have
been indiscriminate as he had no means of controlling
it at a time when both vegetation (birch/pine) and
climate (warm and dry) were conducivé to its utilization.
The “tar Carr pollen diagram (Codwin and Trlker, 1954)
shows t"at at the occupmation level (the Zone IV/V
boundary), the gglegglcurve began to rise and was

followed by a temporary decline in Zetula. Charcoal,

flints, silt, birch bark and hazel nuts were found at
these levels also.

A comparison of Star Carr with the Kildale site
shows that even in the absence of artifacts at the
latter, some similarities exist. fildale Hall aw—ears
to have been a smzll focal point to which !'esolithic
man either drove game by using firing technicues, or
used the site.as one where the products of hunting
were killed and consumed at a temporary camp site.

The mixed, open vegetation with scanty birch forests
and grassy heathland was ideal for the co-existence of

various ruminants and man bimself. Pos and Cervus are
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the natural woodland habitat successors to Rangifer
which prefers a tundra environment, and '‘esolithic man
is &nown to have favoured dry, san-y terrain with
watering places and a balance of forested and oren
communities where he could hunt and gather food while
effecting easy passages over quite wide areas (Pigott,
1965). There is no suggestion of any organization
at ¥ildale as at Star Carr, but it does seem that
Mesolithic man was present in Cleveland in Boreal time

in favoured lowlsnd localities. Pigott (1965) has

calculated that the ponulation of the Star Carr settlement

would have ranged over at least 200 square miles along
the easiest routes in their quest for food in soring
and in summer, and it may be that some found their way
up to I'ildale, which appears to have been canable of
supplying their needs in this respect.

No other site in the region indicates such an
early or positive influence of Mesolithic man. Jith
Seamer Carrs, itself a large lake site, not apparently
one of the primitive hunters haunts, they seem,
somewhat later in the 3oreal, to have turned to higher
altitudes where they apnear to have effected small and
temporary openings in the forest cover throughout this
and the following period, the atlantic. The Fildale
activity may bé reflected in the slight shifts in the
pollen curves toward more open conditions in Zone V at
Jest House and at Zwe Crag 3Slack. ere, accompanying
the rising Corylus curves, Gramineae, l’elampyrum,

Artemisia, RAumex acetosa, Ericales and E licales

1

expand, Zone VI shows very similar, transient activity

at both sites, while Zone VIb at Zwe Crag Slack has 2
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layer of silt intercalated with peat in its
stratigraphic sequence, a fall in arboreal pollen anc
an increase in Corylus and herB values. Apart from
rewor’zed sediment (there is no evidence of a hiatus in
the pollen record), the most likely origin for this
§ilt would have been the surrounding slopes, presumably
laid bare by forest clearance and subjected to soil
erésion either gradudlly by wind, water or a combination
of both, or by one severe storm.

Dvidence of Mesolithic activity has been re-orted
from widely senarated areas in Zngland, notably Jartmoor
(Simmons, 1§62, 1964), the Pennines (. alker, 19556) and
Kent (" imbleby, 1963). ..t these sites it is
considered that i‘esolithic man cleared some woodland and
created patches of generally unstable, cuickly changsing
plant communities in these clearings., Switk (1970) has
suggested that the decline of certain species and the
expansion of others, (for example, Finus and Corylus
being superceded by ..lnus near the Boreal/.itlsntic
transition), may be ascribable to human causes; vhile
Tallis. (1964) holds the view that records of nollen
from open habitat species in diagrams showing mainly
closed forest may simply represent the remnants of
former montane veretation which survived until finally
secumbing to the forest cover. Clearly, with little
suprorting evidence, many Cleyeland Boreal 'clearence
indicators'" coulcd be regarded in the latter category,
particularly as it is envisaged that foreit cover was
never really as luxuriant ;nd complete upon the unlands
as upon the lowlands.

The Atlentic period was one of re{ative

vegetational stability in Cleveland, with no major
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community changes reflected in the pollen curves to
complicate the effects (or otherwise) of man on
vegetation. It is to this period that the majority
of the Mesolithic flints of the region have becn
ascribed (Radley, 1969). 1Many flint sites occur ot
the interface of a mineral soil and an overlying blanket
peat, the tools themselves having mainly characteristic
Tardenoisean form. Siss Cross Fill -on Danby Low }oor,
overlooking Fwe Crag Slack has been assigned.to this
category (Elgee, 1930, Tadley, 1969). The fact
that the pollen diagrams in the uplands indicate some
possible activity in oreal and Atlantic time suzgests
that the situation mey have been a little different to
that which has been previously held as occurring. In
the Atlantic pollen records, a2 secondary Corylus maximum
is present soon after the Borerl /.tlrntic transition,
but there are no other signs of human activity then.
"owever, if it is accented that '‘esolithic people were
in the region in Roreal time, what becrme of them eﬁrly
in Zone VIIa? A\lso, Corylus shows a late 3Soreal
su~rression, probshly cdue to the growth of other trees
which were morc shade tolerant, therefore why did it
reannear during what is assumed to have been a closed
forest period? It could be that it recolonized areas
formerly occupied by Finus (Oldfield, 1965), or it may
be an expression of Corylus stands marginal to the mires
contributing increased amounts to the pollen rain when
Pinus and Betula were excluded due to a rising water
table, but before ilnus was fully established (Swith, 1970).

The problems of microlith layers below peat,

including depositional intervals and downwashing of
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pollen in mineral soil have been recognized,
(Dimbleby, 1957. Godwin, 1958. Navies, 1963.
Tallis, 1964 and Smith, 1970). There seems to be
no reason why Tiss Cross and other sites could not
represent much earlier settlement sites if these
arguments are bomme.: in mind. The upland plateau
of North Cleveland, in later Atlantic time, shows
evidence of some cuite distinct vegetational changes
from the pollen diagrams at VWest *ouse, “we Crag
Slack and Tranmire Slack. Then, extensions of

species such as Gramineae, Artemisia, Chenopodiaceae,

Me lampyrum, Plantago lanceolata and FPteridium

temporarily at the expense of trees {but with no marked
Corylus maximum, except at Tranmire Slack), are shown.
Once again, .Swe Crag 7Glack provides stratipgraphic

evidence, with two silt horizons intercalated within the

mire deposits almost certainly the result of forest
destruction, soil erosion and run-off nearby. “'eclines
in arboreal pollen frecuencies and increesing ones for

herbs at these levels supnort this contention.

. hat sort of activities '‘esolithic man engaged
himself in, is a really open question. ‘the incidence
of Plantago_lanceglata pollen in pre Sub-boreal
deposits ( where it almost certeinly had nothing to do
with prebistoric farming practices) is of relevance. .
Later than the Atlantic period its presence was equally
as certainly connected witk agricultural przctices, but
it is the late “tlantic period itself wikich is important
in this respect. Jimbleby (1963) considers that
i‘esolithic man may have beén something of a farmer at

this time, in particular, a stock rearer. The

| |
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chronological significance of pollen zone boundaries
is of vital importance in such assumptions, and for
Clevel~and, the radiocarbon dates to ensure this are
not, as yet, available. In view of this, the nost
tenable explanation for the whole of the pre-ileolithic
vegetational changes is probably that snecies colonizing
the re~sion entered clearings along with those species
regarded as "human indicators'" (for example, Artemisia

and }‘elampyrum) . These clearings either existed

naturally, or were made by man or by the indigenous
herbivores which he sought (Smith, 1958b). The role
of indiscriminate firing as an aid to huntins must
have been a major one, and such clearings, vhile of
small areal extent, could have remained oven for cuite
long periods when set against the 5,070 or so years

spanning the 'esolithic period.

(b) _The Period of Torest Reduction

This section éescribes and stternts to explain
the general pattern of vegetational change from the
time of the.initial systematic reduction of closed
canonv forest (ezrly Zones VIIb and VIIT), until the
evidence from the last reliable nollen spectra of the

mires (the later stages of Zones VIIb and VITI),

Chronclozy

rom the start of Zone VIIb, about 3,0MC 3.C.
(Godwin, alker and 7illis, 1957), the forests of
northern England were progressively reduced, their
place being taken by secondary woodland, shrub and
herh communities (Godwin, 1956).

The contemporary landscape of Cleveland provices
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evidence of the results of the processes which brought
about these changes, but the five mires investigated'
unfortunately ~ave all been disturbed in their upner
parts by hursn influences. This bas led to the
removal of the stratigraphic and nalynologicsl record
from various stages in the Fést-glacial; at i"ildele
Pall, for example, back to as early as tihe co—rmencement
of Zone VIla. The upparmost analysec levels of the
other four sites must be regearrled with caution in view
of the disturbance which has taken place there, in
some cases since later “‘edieval time, (i‘itchell, 1965).
Furtherrmore, the absence of radiocarbon evi“ence makes
any assumption of age all the more tenuous. . tentative
chronological frsiework can be postulated though, by
virtue of a series of unpublished radiocarbon cates mrde
available by worl-ers in closely acjacent areas,
(Simmons and ©undill on the higher parts of the Jorth

(B 1)

York !'oors, and “srtley in southern Jurham). The

proximity of many of these dated sites, (the high
moorland ones only 8 kilometres distant), suggests tkat
the time secuences caanot have been so radicslly cifferent
as to be totally unreliablé, especially in view of the
recent findings of Tibbert (unpublished) concerning the
synchroneity of zone bovundaries in various nparts of
Britain during the Tost-glacial, .. rediocarbon date

of 7,217 B.C. from blenzet peat at Morth Gill, Glaisdale
*oor (Simmons, unpublished), and cquated with t*e ‘one
ViIa/V'ib boundary, is near to one for lzte Zone TiTa

of 3,44™ 3.C., from peat in a lan”slip at :iint "elena,
Castleton Zigg (Cuncill, unpublished). Turther dates

of 1223 B.C. fro1 blan%et peat at Collier Gill, Egton
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“igr ''oor (Ti-~ons, vnpublished), equatable with
Early or Viddle Bronze ‘ge activity; 1,410 3.C,
from peat in the south Murham 'Carrs' at Zishop "i“lehe~
(Bartley, unpublished), and 1,226 ?.C. from blspet reat
at "Theeldale till, Wheeldale }oor (Crndill, unpublished),
both roughly of Vicdle Bronze Age cultural time, add
weight to strong palynological and archaeological
evidence for intense human activity in this period in
the region.

The post VIIa pollen record, (Zones VIIb and ITI),
was zoned independently for each -izgram, bsse” upon a
VIIb and VIII complex, rather than the delimitation of
separate Zones VIIb and VIII. It was felt that
insufficient evidence, both stratigraphical end
palynological, was forthcoming to enrble this to he
done with confidence for =11 sites. “» sub-zonation

scheme %, B and C h=s been acopted for Zones VIIb and

'

-~

VITI, based on similar changes in pollen spectrza ~t
each site. here is no evidence to prove that 4, B

and C are synchronous a2t each site, but the consistency
of the pollen record for each Sub-Zone and the relatively

small region uvnder consideration co not render this

wholly impossible.

The Landsczpe

T-roughout Zone VIIa the separation of HBritzin
from the Continentsl mainland was fully realized, with

the Iorth Cea assuming something like its present

dimensions at the conclusion of the [lancrian rransgression.

Later sea-level changes which are known to have occurred
along the coast of north-east knzland did not affect the
area in consideration, being confined to areas below the

L ]
.present 50 .D. contour, (Tooley, personal communication).
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‘Therefore, by “one VIIb, the easy migratory
routes from the Continent were effectively cut off, and
further i—migration of plant species either too’ plrce
from within Rritain (especially from southern Tnglrndj,
or by more hazardous routes across the surrounding

oceans, especiallv the Morth Sea.

“ycdrosere Develonment
pHpT — =y sy -

The trend towards the acicification of whrt were
generally eutrephic mires, started in Zone VIIa,
everywhere continued throughout Zones ViIb and VIII,

" becoming more intensified in the last recorded stages
of development.

Seamer Carrs became colonizea by a slightly less
basic, partial fen community, dominatec by Porsgmites
and bryophytes, while at est i"ouse, Twe Crag 3lack and
Tranmirve Slack, the sedge/wood swar~ps acicdified, with
Jest "ouse becoming an ombrogenocus mire. The channel
mires remained topogenous while s-owing hisk wroportions
of bryophytes, especially Sphagnum sbp. in their
stratigraphic record. Some evidence exists for
alternste wetter and drier phases of bog development,
Calluna and Eriophorum peat being intercrlated with
layers of almost pure bryonhyte peat, dominated by
Sphagnum. iowever, this whole problem is extre~ely
complex and the stratigraphy was not stucied in
sufficient detail to ascertain whether retsrdation
'layers and recurrence surfaces existed, or inceed could
be used to delimit an arid Sub-boreal and a more oceanic
Sub-atlantic stage in bog development, &s surgested by
Godwin (1956). Jome evidence of increased precipitation

in the upper parts of the mire straticraphies mey be
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present in the form of the silt horizons, which at
Ewe Crag Zlack, Trdtme~ (1928) thought to he of
Sub-atlantic age and caused by increased rainfell totals.
Fqually, high winds could have caused such accumulations,
but it would first need disturbance of the vegetation
cover for these to be initiated, and the charcoal
associated wit™ the silt indicates that anthropogenic

factors were the main ones, at least at the outset.

Regional Vegetational History

Tithin this period the most significant changes
in the composition of the land vegetation were in the
relative frequencies of trees to shrubs and herbs.
Human activity is assumed to have influenced landscape
changes throughout, and once again, particular care
must be exercised in the internretation of pollen
spectra, especially in the case of the contribution of
hydrosere components such as Gramineae and Cyperaceae.

The general trend from the commencement of
Zone VIIb was one of an overall reduction in high

forest cover and its replacement by more open conditions,

with some recolonization by trees.

The changing forest communities of this time were

dominated by .uercus, Ulmus, lTilia and “raxinus, with

the lowlands having a better developed and less easily
attackable closed community structure. Betule and

Alnus must have made significant contributions too, but
their relative positions are complicated by their presence
in the hydroseres. Pinus was by now of little importance,
except locally on acid substrates, (as around ‘franmire
Slack, for example). The basis oi the percentage

calculations (upon a total tree pollen sum) makes the
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variations in nercentages of various tree species in
the upper levels of diagrams purely relative to one
other; the significant factor is the decline in
total tree cover from up to 757 to less than 10, in
the majority of cases.

Some species appear to have been removed at
the expense of others, particularly Ulmus and $ilis in
the early stages. Certain trees expanded, notably

Traxinus which had been present since Zone VI in the

lowlands and since Zone V'Ia in the uplands. It now
became aquite a significant component of the vegetation
encountered by other workers (for example, Oldfield,
1960, Birks, 1965b). Fraxinus is a pioneering‘tree
which does well on moist, disturbed soils of cuite high
base-status (‘ardle, 1961). It is less light Fdemending
than Retula but cannot tolerate shade as well ~s ‘lnus
can (Ivérsen, 1960) . At this time the soils would
have been eit»er fairly basic and supporting mixed
Tuercus - Ulmus forest, or more acid and supporting a

Betula - Alnus association. It is difficult to envisage

bow, in suchk sitvations, Fraxinus could expand into such
environments without there being some disruptions of the
existing ecolozical baleznce.

Tapus is first recorded in sufficient frenuency to
have been growinc locally sonn after the start of this
period. Godwin (1956) states that Tagus was established
in southern Englahd by late Boreal time aand nersisted
there throughout the Atlantic, spreading wicdely but

sparsely only in the Sub-boreal, when humen rather than

climatic factors were in operation, The shifting
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densities of pre*istoric populations anc their
clearance of naturaz)l mixed ozk forest jave Fasus
a chance to compete effectively in recolonizztion
complexes with Fraxinus. The expansion of both trees
in association with increases in herbaceous rollen
frecuencies suprorts this hypothesis, and has heen
noted by many investimators (for example, Tocfwin,
1956.  Simmons, 1964, 1969a).

Corylus, which achieved a balanced ~esition in
the Atlantic forests, played an important role in the
changing vegetational patterns of this period. Figh
frecuencies of this shrub are recorced in Zones VIIb
and VITI in Sub-Zones .. and B, suggesting that it
was sble to successfully colonize opened areas, while
lower values in Zub-Zone C indicate that by this time
it was itself subject to clearance on guite = large
scale.

All nlants involved in this complex of changing
communities were within ?beir cliratic limits,  =ome
species, Tilia and Ulmus, for exarple, may have been
poised in a delicate ecologicai balance, but the high
values for Tilia (up to 157 of total tree pollen &t
some sites) supvorts the contention of Sirmons (1969a)
that north-east Yorkshire was both climatically and
edaphically suitable for its growth, Further ncrth,
at Bradford Kaims, Bartley (1966) reports percentages
of 2 or less for Tilia at its maximum, suggesting a
latitudinal threshold for its successful growth
somew:'ere between the two areas. Ulmus too, probably
grew best in suitable edaphic situations, being reduced

in frequency partly by natural succession of elm
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woodland by that of oak under oceanic conditions and
soil podsolization {“Jalker, 1966), and partly by =
 complex of céuses amongst which huQan inf luence was
".oné of the foremost (Saith, 1970).

Areas'of onen vegetation already existed in
the region, either naturally or as a resuvlt of earlier
forest clearances, and these must have been contributin;
to the nollen raip; consistent ggllgﬁg percentages
suggesting heaths, probably upon the mcorland su—its,
Many 6f the herbs encountered in increasing amounts

from Zone VIIb onward (for example, Plantago lanceolata,

Artemisia and Rumex acetosa) are not heath plants and
must nave been growing in places other than these.

The alternative hypothesis of such occurrences is one
which has for many years been widely accentecd in
Britain and Zurope (for e#ample, Iversen, 1941, 194,
1960, Godwin, 1956. Troels-Smith,. 1960. ‘mith,
1970) . It is basically that Kuman activity was the
major factor in determining the direction of
vegetational chences from Meolithic time onwaré;. The
presence of archaeological evidence in support of
palynological criteria is useful, and, as Tigure 3
illustrates, Cleveland has no shortage of such
information for a wide range of cultural types, whose

influence'upon ecological changes at individual sites

has already been inferred.

The Phases of Torest Clearance

‘*ne sporadic but nevertheless quite effective
activities of Mesolithic man in Cleveland during Boreal

and Atlantic time were carried a stage further both in
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arezl extent and intensity around the time of tke
commencement of the Sub-boreal period (circa 2,7CC B.C.).
Meolithic artifacts have not beern wicely cdiscovered in
the region, the few flint finds being mainly confined
to the lowlands. ffeolithic man undoubtedly inhabited
the region, but seemingly not in large numbers. It is
more likely that :‘esolithic and Weolithic men lived in
close proximitv here a2t the same time, each in his
preferred habitat, but with some cultural mixing and
technological diffusion between the groups. The
resulting population probably had a culture including
traditional Mesolithic.and Neolithic activities, such

2s hunting, food gathering and some agricultural

practices.

The Xarliest Clearance

The first phases of forest reduction in Zones
VIIb and VIII seem to have been a concentration on the
clearance of high forest trees on z selective basis,
especially of Ulmus and Tilia which were either felled
or defoliated. ‘Croels-Smith (1960) suggested that
such species were used as animal fodder. Fire was
used in some instances, znd- locally upon the moorlancs,
clearances were cuite effective; the silt and charcoal
in the mire at Ewe Crag 3lack at levels corresponding
to this period indicate this, During this early phase
(Sub-Zone ), selective clearances could have taken place
over a wide area where the best specimens were available,
more thorough destruction being confined to suitable
localities, ferhaps those with some open conditions

Into these clearings Flantago spp., Granineae,

DR T T 2 e s—

already.

Rumex spp., and Pteridium spread and increased threir
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percentage cover., The size of such clearings is
difficult to ascertain, but they seem to have been
uvsed primarily for pastoral purposes. Only at iwe
Crag 3lack late within Sub-Zone A cdo Cerecalia and

other herbs (for example, Artemisia, Chenopodirceae and

Rumex acetosa) indicative of arzble farming appear.

‘The boulder clay lowlands around Seamer Carrs
seem to have had very minor clearances followed by
effective regeneration of trees, while the rat-er onen
woodlands around "ranmire 3lack, sunported by auite
acid soils, did not fare nearly so well, Fagus and
Fraxinus making little headway in cleared areas. The
colonization complexes and abandonment of clearings
indicates a shifting node of existence for these
agriculturali§ts, but clear 'landnam' secuences
(Iversen, 1941) are not really discernable. Treir
uncertain technological capsbilities may explsin their
diversity of activity which included, in all probability,
cerenl growing, npastoralism, stock rearing, hunting
and food gathering.

simmons (1969a) has placed the first phases of
activity umon this scale over the central watershed of
the Morth York "'mors into the Ifeolithic, and it seems
logical to extend tkhis just 2 few kilometres
northwards to Clevelond. Sub-Zone A is telen
representing activity from the “esolithic/Meolithic
overlzp through until the earliest rarts of Z2ronze "ge

time. This is consistent with the archazeologiceal record

for these periods which suggest only slisht esctivity

in the region by a fairly sparse population,
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The 'ain Clearances

"ost of the region recovered cuite reasonably frow
the first clearances, and it was not until thke pollen
diagrams indicate clear secondary declines in Ulmus
.and Tilia frequencies, that widespread, consistent anc

not us;ly

in many areas %;reversible changes in the vegetational
succession téok nlace, Jithin Sub-Zone A it was
limited areas of the upland plateau that were cleared
and latet cultivated, but in Sub-Zone B the most
important single feature was a widespread, consistent
decline in all types of arboreal pollen. Clearings
now were much more numerous and larger, and arable
farming is shown to be of importance. The tree cover
of the uplands was reduced to around 10¢ of the landscape,
that of the lowlands to ~round 35.. “erbs vere
spreading into cleared areas at ever incressing rates
and the nowers of recolonizing species, particularly
Corylus, were crec'ed, The whole of Sub-Zone B was one
of high activity by wkat must have been quite a l-rge
population. The absence of radiocarbon dates and an
insufficiently close sampling interval of the nrofiles
(1-2 cm. intervals are needed), males the separation of

particular types of sctivity unwise (Turner, 1965, 1970).

Cerezalia (Triticum and ‘ordeum) are recorded from all

sites, together with herbs suc- as Artemisia, C-henonocirceze,

-

Cruciferae, Zuccisa, Lisuliflorae, Jpergul-ria, Zlentaurea

and Urtica, indicative of cultivation (‘"furner, 1965,

1970) . owever, valués for Plantago lanceolata,
Gramineae and l'teridium increase too, suggesting thet
pastoral activity was important, or that t-ere were many
arcas of exhausted soils which were becoming clothed with

ruderals after they had been left fallow. Removal of
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the vegetation cover must have greatly accelerated soil
podsolization and erosion, the latter process being
manifest in the mires in the form of silt bands and
charcoal, moved in from the surrounding slopes.

Some areas most affected by tree removal began
" to revert to a heath formation with Calluna plzying a
dominant role, t-is being especirlly true of the
moorlands.

Such activities can only be ascribed to a people
who favoured the area a2s a dwelling place, If the
earlier clearances are equated witr Neolithic and
Early Bronze .ge people, it seems feasible to postulate
that this period of high activity was a result of the
occupation of the region by Middle Bronze Age folk, for
their burial sites and settlements are found in
Cleveland in great profusion, especiallywpon the uplands
(Zlgee, 1930). Elgee contended t“at it was t-ese people
who made the first serious attempts to settle what he
regarded as heather moorlands and forested dales, being
ﬁainly cultivators with small herds. Dimbleby (1961,
1962) also concludes that 1tiddle Bronze /ge dwellers
were responsible for the main deforestation of the
North Vork }oors and the initiation of soil podsolization
and heagh formation on 2 large scale. ° .hile 2Jimbleby
considers these people to have been mainly pastorzlists,
Fleming (1971) believes that their economy was more of
a mixed nature, He suggests that clearings were made
in the woodlands to obtain produce, especially cereals
as well as for the keeping of grazing animals. The
thin and acid soils probably rendered the usefulness

of such clearances to a short duration, and when soil
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exhaustion set in moves were made to new areas, with
the abandoned clearings left to become colonized by
sbrus 2nd heath.

Palynological evidence supports much of this
theory. It is now certain that the region as a whole
was cleared of forest by human zctivity rather than
Being a progressively degenerating heath community as
Elgee (1912) had envisaged. JFor Cleveland, Fleming's
(1971) concepts of a mixed economy are supported, so
are the ideas of effective clearance, soil exhaustion
and erosion and the trend towards the establishment of
vast expanses of Czlluna heath. The pollen spectra
associated with the radiocarbon dates quoted as 3ronze
Age (page 180), show many similarities to the overall form
of the curves within Sub-Zone B, but such analogies

cannot be carried far with confidence.

The Last Clearances Renresented

Vhatever small recoveries were made within
Sub-Zone B by trees and shrubs were soon nullified after
the commencement of the final recognizable clearance phase,
delimited as Sub-Zone C, Seamer Carrs, est ouse, Ewe
Crag 3lack and Tranmire Slack provice evidence of
further substsntial reductions in woody vegetation,
until trees covered less than 1C. of the lowlands and
well uncder 5% of much of the moorland. 4 significant
factor was the decimation of shrub vegetation,
particularly Corylus, and massive increases in Calluna
heath and acid grassland, the former at higher
altitudes, the latter upon the Cleveland Plain.

Once again it is difficult to determine phases of

distinct farming activity within this period, major
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increases in the frequencies of all types of
herbaceous pollen occurring. The lowlands, still
with a little natural forest cover, appear to have
been a centre of mixéd farming, with cereal growing
and pastoralism carried 6n simultaneously upon what
must have been still quite fertile soils. The later
stages of Sub-Zone C indicate that pastoralism was
gaining the unper hand, at least around Seamer Carrs
and Test Touse,

The upland environment is slightly less difficult
to recoﬁstruct throughout this time. initially there

seems to have been an arable phase; with high frequencies

of the pollen of Cerealia, {Hordeum and Avena), Artemisia,

Chenopodiaceae, Cruciferae, :lumex, Centaurea and

Spergularia; while later on, Gramineae, Flantaso

lanceolata and Pteridium, indicative of pastoral farming

according to Turner (1965, 1970), dominate the unper
spectra at Ewe Crag Clack and Tranmire 3lack,

At all sites, the changes which occurred zre more’
likely to héve been shifts in the emphasis of one tyne
of-farming_over another rather than a complete change
from one type to another. None of the activity appears
to have been able to have kept pace with the spread of
Calluna heaths, which cannot havé been very productive,
and whose extension reflects the closing stages of the
degradation of the ecological balance of much of the
elevated land in the region. Very little true forest
could have remained, save isolated patches in the dales
and around the mires. Arable f-~rming must have become
increasingly difficult upon rapidly degenerating soils

and extensive grazing remained the only feasible activity

38 Dhys,
QOIEAD:
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in the unlands. Tre lowlands too, while reteainins 2
mixed farming economy will have experienced.difficulties
in coping with soil denaureration and:-the spread of poor
pasture and heathland.

Once again there is a lack of radiocarbon cating
evidence for this important period of 2ctivity, and
it is purely by légical progression through the cultural
groupings that causal effects can be assigned to
particular inhabitants. Late Bronze Age folk did not
settle widely in Cleveland, and until compar-~tively
recently, the same was thought'true of Iron Age dwellers.
“owever, Fayes (1966) has shown that cuite extensive
Iron .\ge settlements existed in western Cleveland from
about the fifth century B.C. to the first ceatury \.7.,
and that they were active farmers. Elgee (1930) held

the view that descendents of the Urn people of the }Yi--le
Bronze Age persisted in the uplands through vntil toman
times, carrving on a verv marginal form of cultivation
theret Thev may rlso have livecd in the area
contemporaneously with succeeding peoples, in & manner
analagous to that envisaged for ‘esolithic and Ieolithic
time.

The ‘omans and the followinz waves of inglo-Jaxon
and Scandinavian settlers of the first few centuries
A.MN, confined their attentions mainly to the Cleveland
Plain and the dales, where, sccording to Zlgee (1930),
they carried on mixed farming, cultivating waeat, barley
and srelt whilst also keeping grazing snimals, The
unlands were used in Anglo-3-xon times #s & refuge for
the British; the Celtic Fields on I'ildale =nd To~ondale

Maors evidence of their agricultural practices with foot

plouzhs or oxen.
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Some or all of such activities may be reflected
in the eafly stanes of Sub-Zone C, when the lencscane
must have consisted of a mosaic of field systems, noor
pasture and heath.

The first significént change in the economy of
the region came with the spreading of moncstic influeaces,
especially in the thirteenth century A.D. ("rites, 1957) .
Monastic granges covered a large part of Cleveland with
their emnhasis on pastoral sctivities, arable
agriculture assuming insignificant proportions. his
farming system did not extend above 182 metres (600')
0.”., (Farra, 1961), where the moorland plateau by
now devoid of virtuslly all trees, served only as
extensive pasture for sheep and cattle. The lagt parts
of Sub-Zone C at Twe {irag Slack and Trarmire iSlack seem
to indicate the transition to this Medieval farming
economy. On the moorlands above the limits of the
improved pastures of this time, the full effects of
around 4,070 years of fairly intensive human activity
were rrnifested in a barren and desolate landscape.
The unnermost reliable nrlynological evidence from Seamer
Carrs and Test “ouse reflect the refétive nrosperity
of the Medieval lowland economy, also dominated by
pastoralism, but wita a fuller lancd utilization, a
greater density of population and maybe even some

remaining pristine vegetation,
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CORCLUSION

This study whiéh has been based primarily upon
the analysis and interpretation of Quaternary
stratigraphical and palynological records from five
mires, has outlined the major ecological changes which
have occurred in Cleveland in the Late-glacial period
and in the majority of Post-glacizl time which has so
far elapsed.

Sequences examined range from the time of the
earliest plant records in the Late-glacial (Zone I),
until stages when either hydrosere development ceased
or was affected by human activities and could no longer
- be considered a reliable indicator of ecological changes
(normally during the later stages of Zones VIIb and
VIII of the Post-glacial).

The main phases of landscape evolution in the
region are summarized in Figure 26, and are set against
the current terminological and chronological schemes
for Late Guaternary events in England and .ales (Godwin,
1956, Test, 1968).

netailed results and the development of incdividual
sites and their environs have been presented and discussed,
and it remains to contrast summary evidence of these with
that rvailable for adjacent parts of north-east England,
and to touch upon deviations from the established scheme
for patterns of change in the British Quateraary flora
(Godwin, 1956).

The period immediately following deglaciation in
the region after the ‘eichselian maximum (circa 14,3C0 -

12,000 B.C.) was characterized by extremely cold conditions,
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pereniially frozen ground and water bodies, and extensive
solifluction both on the drift covered lowlands #nd in
the dales, as well as the elevated drift free plateau.
This early Zone 1 landscape must have been akin to a
'polar desert' (Van der ammen et all, 1967) , gradually
evolving to a poor 'parkx tundra' environment (Iversen,
1954) witk helioohilous herbs and dwarf{ sarub cbmmunities
dominant. This accords with the general vegetation
pattern for north-east Ingland ‘and Britain generally at
this time, when there were no closed woodlands ana the
vegetation was dominated by herbs, shrubs and a few
trees (Godwin, 1956).

Around 10,000 B.C. these conditions gave way to a
more ecuable period: vhen the climate was considerably
warmer, éolifluctihn'procegses larpely cersed, slones
stabilizecd and organic matter accumulated in the wmires.
éome soil development to-k nlzce, and a more comnlete
vegetation cover including Egggig copses and perhans
isolated specimens of Tinus developed, alonc with
luxuriznt herb and s“rub communities. L minor cli--atic
oscillation within t"is Allerdd interstadial causen &
slight recession in tree cover anc some renewyed mass
movement (Zone 1Ib). . The general trend of Zone I
végetation in Pritain was one of birch woocland
(especinlly in eastern ‘nglzand), wit1 some ~ine.
Northwards and westwards from ¥V rkshire and Lincolnshire
however, only very few favourec¢ localities rad such =2
vegetation, and generally herb sad sbrub dominated
communities were most imnortant throug-out Zone I!
(Falker, 1966). Thé sub-division of Zone II into a,

b. and ¢ hzs been made by Newey (1970) in south-east
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Scotland, and exists at sites in eastern Turhan
(Bartley, nersonal cormunication).

The finel phase of Late-alzcisl time was mar™er
by another period of cold climate and severe concditions
with solifluction active ancd mineral matter cenosited
in the mires. ‘"ree cover was reduced with shrnbs and
herb cormunities re-expanding, but not to their “Zone I
frequencies.

Zone III concditions, severe enough to lezad to &
minor glacial advance in some upland areas of Hritain
(see for example, !‘znley, 1959) , saw a censral
extension of herbaceous communities with most or 2ll
elements of the Zone I flora nersisting in a recuced
condition.

About 8,000 T.C. solifluction processes ceased,
slopes stabilized and organic matter accumulation
begen once agein in the mires. Vegetation=l chznges
occurred in resnonse to a £apid climatic emelioration.
The basic soils of the Cleveland Fl-=in quickly became
clothed with closec¢ ‘etula forest within whic» little
béliophytic vegetation was able to suvrvive.
Concequently, many characteristic Iate-glacirl snecies
either beca~e extinct or too™ up restricted “chitats
(for ex~»nle, Zctuln nena, Juniperus, ‘ippopize

Tphedrs distacvya a~ong the s"rubs, Tolenon’ur,

Yelirnthemum and Jasiore montan- =mong t

- cma——— .

the brvonhytes Falulella squarrosa 2nd Camntetccitm

nitens).

——

Uron the poorer, more acid upland soils
vegetational developments were not able to keep nace

with the climatic amelioration, The 200 metres
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difference in zltitude and their exposed nature,
made them hotht climatically and edaphicrlly less
suitable than their neighbouring lowlands for
vninterrupted hvdrosere Jevelonment, cuiclt migration
and full establisi'ment of the pioneer species that
too): nlace a2t ttis timre. Tonsecuently, “ere oren
Retuls woods, Szlix =~nd Corylus thiclets as well rs
Empetrum heath and acic grasslanc persisted ia eerly
Borez) time (Zomes IV and V). Tt was tren, in such
a relativély open environment that “‘esolithic ren found
suitzble hunting terrsin and te—norary c/~n rites arounr
¥ilfsle, as he “rd dore on & much bizger sc~le in the
Vale of Picering (Clark, 1954).

Trz early Post-placiesl period in Clevelancd rnperrs
to hzve been similar to otter aress of eastern “nzlanc,
particularly so tr concitions neear Hamhurgh,
Tarthumberland (Bartlev, 19566) where the hichest site
in the szrea retrined Late;glacial Qegetation into
Borezl time,. This area weas, however,unforestecd
throurhout the wrole of Late-glacial time.

Zone VI (about 7,C°"N B.C.) saw the develompment
of a forested lanl'scace in the uplands mnd chances in

the composition of the lowland forest communities.

Ulmus, Juercus, Corylus, filis, Alnus anc Traxinus,

‘-r—’ - - -

toget“er with substantisl amounts of Finus, joinecd
Betuls in the Boreal lowland forests.} In the uplands,
above sbout 150 metres C.T., a "inus - E_ixL_g forest
in which “deciduons cowronents playecd only a sn=ll rart
develoned znd nersisted throughout Zone VI, thriving

npon twe sandy soils and enjoying a lack of competition

from an »lready closed woodland community. - Areas of
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guite onen, heat™y vegetation still existed ere,
seemingly suited to the needs of sm=sll nu—bers of
t'esolithic people vho traversec the terrzin mzling
small clearings in what was a warm anc dry climatic
regime,

The composition of the *2oreal forests, apert
from the peculiarly high Tinus frecuencies is not
unlile that renorted for other areas in Britzin
(Godwin, 1956).

The importance of the Boreal/atlantic transition
(radiocarbon cdated to around 5,07 3.C.}) in the region,
can be rauged by the events at the time apnroaching
the 'climatic optimum', which caused quite widespnread
cranses in forest composition, The iinus - Corylus
wondlands upon the moorlands were replaced quite

quickly by a deciduous community in which  uercus,

- (1)

Jetula and alnus domirated. he Clevelanad

e

Ulmus,
Flain, already covered wit: well developed cecicmous
forest, was subjected to extensions of jilnus at wetter
sites and Tilia znd Traxinus in favourable edrphric
conditions. illso from earlv Zone ViVa onwarcs mire
growth and acicdification was a~ccelerated, su_resting
incrersed d ampness and rising water tables whic» “elped
eliminate plants requiring neutral or alkaline soils of
high base status which had managed to rerain in suitable
refugls since lLate-slzcial time. l“‘esolithic man
appears to have continued his wanderings over tke
uplands nerhaps enlarging slightly any small areas of
open vegetation.

T-e seneral composition of the .itlantic forests

of Cleveland when compared to the recst of the country,
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seems to fulfil  the idea that the climatic optimum
conditions reached this far north, but that the
region was near to the ﬂmeshold for suc* an
environment, if the hehaviour of suc™ species &s
Tilia is examined.

™til the commencement of combined Zones YI7b
and VITI (around 3,072 B.C.), there can be no coubt
that in cormon with other parts of the country,
climate, soils and physicel geogranhy (especially
changing sea-levels) were almost solely responsible
for the patterns of envirorment=1l change in Cleveland;
thous!: there seems to be sunnort for Zmith (197C) in
his contention that !'esolithic men was more influential
in riodifying this environment than formerly thousght
possible. It was not until the migration of seolithic
farming cultures to Britain that this general svhiservience
of man to the ecosystem began to change. Neolithic
peoples had stone axes, cultivation technicues and
domesticated animals, all able in some way to "elp in
the destruction of the natural high forest vecetation.
Their effects in Cleveland were not great, nrovably
serving —ore to furnish "‘esolithic survivors with new
iceas. Classical 'landnan' secucnces of Ivercen (1941}
are not seen; clearances were temporary, small and sonn
recolonized with emphrsis mainly on selective felling
of Ulmus and Tilia_probably for foliare to use &s
animal fodder, anc little use of cultivation
techniques was made.

The first concerted attacl on -the Cleveland
landscape, particularly the uplands, was made by Bronze

2ge folk, particularly those of the 'Collared Urn'
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(}*idcle Bronze Age) period. Their very zbundant
remains indicatinz that they were responsible for
deforestation, an” that they carried on stifting
arable and nmastoral frrmin~ whose urmanaged nature
eventually led to soil exhaustion, erosion anc the
spread of noor nasture and heathland. The
transition to Calluna cdominated heaths bean earlier
here than in many areas; but the lowlands were less
affected, retaininz a fair perceantage cover of forest.

It is ¢ifficult to isolate the effects of
succeeding cultural groups in the recion, seve to add
that taey saw the completion of deforestation of both
uplands, and later on tre lowlands, with further
degenerations of the ecological balance. It'is
interesting to observe that the nollen record S:0WS
that ..vena (first cultiveted in the Iron Age) and
Secale (foupd ecarliest in .omano-sritish times),
according to fodwin (1956), are not encountered until
Sub-Zone C of Zones ViIb and VIII. It is tentetively
assumed that this ‘ub-Zone cormenced about the time of
the Iron Age occupation (circa 500 P.C.), but to what
extent the climate deteriorated then, and if this reslly
affected the ceneral vezetationzl succession is not
clear. There is, "owever, some evidence of remewed
and ormbrogenous rire growth anc certain plent snecies,
for exarple, Tilia, i'lmus and ‘Tecera declined or

- oo

Gisanneared; both these factors bein- considered by

Gocdwin (1956) to sunport climetic changes &t this time.

“ome authors, for exarple, Turner (19562) have placec

anthrorosenic factors on the decline of such plants,

A3 - »
and the evidence seems equally strong on both sides in

many instances, esnecially in the absence of rediocarbon
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dates.

Post-"‘oman znd Pre-‘edievrsl landsca=ne evolution
can be best surmarized as a progressive accerturtion
of establis»ed treads. The uplands reverted to rmore
and more acid heat>land, of use only for extensive
grazins, while the lowlands were clesred of ~ost

remsining forest cover by the Anglo-Sazons, ilormaas

and 3candinavians who frvoured arable and pastoral

activities. ‘onastic influences began to cominate
the economy in the thirteenth century 4.0, Taeir

predominantly pastorel economv led to the utilizection
of bot" unland and lowlend for srmzingy, while they
also cleared and inproved land at lower altitnces.

Prlynologiczl evidence of changes hetween this
era and the present day are lacking due to mire
disturbance, but conditions must have loolked in
Vedievarl times not greatly-dissimilar to those of the
present as far as veretation coaver is concerner,
Yhatever woodland remzined would have been nrooressively
cleared for agriculturzl and later, industrial npurposes,
leaving a mixture of Calluna heathland and aci”
grassland in the nplands, and a mosaic ol first, oven
fields and later, enclosures unon the Clevelandé Pl-in
and in the dales.

Tt is only within the lmst few cecades that
awareress oi t-e ~“elicate ecolosical balrnce which
exists in the unlrnds ~nd the need to correct, or at
least maintain it as been forthcoming. ~Ji“esnread
peat erosion, mainly a result of indiscriwminate moor
burning, has led to vast areas of rexnlith being exrosed,

and the Calluna monoculture, used for grouse rearing
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mainly, is often b=dly mancsed. The nlantinz of
trees, mainly conifers, has tnlten place since 19567,
only in aveas too poor to »e of use for 2ny other
purpose, but does indicate 2t lezst a partial
annreciztion of the problems and potentizlities of
the land use ecolory of the unlands,

The lowlands are a nrosperous agricultural
ares, no doubt serving a just purnose as they exist
at rresent, and t“e ccreful managerent technicues
employed to maintrin both physiczl and economic well-
being o-tweigh any case for land use chances here.

It cen only be hooed that the remaininr
cultura?l! oroups withi~ the present interglscial period
will adhere a good cfeal more firmly th-an their
predecessors to the basic principles of ecolosy and
ecosystem managemznt. I1f this is the crse, t-e
curulative effects of the lzst 5,727 or so vears need
not be nearly as noor e starting noint for intuvre

ecolo~ical chkanges in the region.
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