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ABSTRACT

Tﬁis thesis aims to clarify the distributibn,
chéfaéteristics and age of the superficial brickearth
deposits located in and around the New Forest. Following
introductory chapters which review the literature relevant
to the local geology, brickearths and loess, the main part
of the thesis describes the field charaéferistics, texture,
mineralogical composition and micromorphology of the
sediments and soils examined mainly at 16 selected sites.

These analyses show that the brickearth is divisible
into upper and lower members. The upper brickearth is the
younger and more extensive and is' dated by
therﬁéluﬁinescehce as Late Devensian. Its occurrence on all
terrace levels suggests it is aeolian and its mineralogical
composition and texture indicate it is composed of far-
travelled material (mainly silt) mixed with local material
(mainly fine sand) derived from Tertiary strata. The
proportion of sand decreases upwards in many profiles so
that the base of the sediment resembles aeolian sand and the
top resembles loess. This probably occurred because 1local
sources of sand were progressively reduced as they were
blanketed by the far travelled loess. Because of erosion,
the full thickness of the deposit is preserved only rarely.
Studies of colluvium, including palynological work, show
that some of this erosion occurred during the Flandrian,

probably as a result of agricultural activity since the Late



Bronze Age/early Iron Age‘df'éarlier.

The 1lower brickearth is more variable and includes
sediments thought to be loess, aeolian sands and estuarine
clays. The common factor among these sediments is the
preseﬁce of a paleoargillic soil horizon indicative of pre-
‘Devensian soil formation. At most sites studied the lower
brickearth contains micromorphological evidence of only one
period of interglacial soil formation which suggests the
sediments are no older than the Wolstonian. However,
elsewhere, at 1least two phases of interglacial pedogenesis
are evident which shows that some of the sediments are at
least of Hoxnian age. These dates for the lower brickearth
have been used to infer minimum ages for some of the terrace

surfaces.
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CHAPTER 1

INTRODUCTION

1.1, Outline of the Problenm

One of the major contributions to Quaternary studies from the
work of the Soil Survey of England and Wales has been the recognition
that over much of southern England soil profiles are developed partly
or wholly in a thin veneer of loess. This recognition has been
achieved through detailed field and petrographic studies, building on
earlier mapping by geological surveys of brickearth - an omnibus term
for loamy superficial deposits.

In south Hampshire, brickearths were mapped by the Geological
Survey (later the Institute of Geological Sciences) at a few localities
mainly bordering Southampton Water, in the Test valley and at Barton-
on-Sea. However, in.a soil survey of an area east of Southampton
Water, Kay (1939) noted that the brickearth was much more extensive
than indicated on the geological maps. Subsequently, brickearths
have been described at a number of new localities by researchers
working mainly in the New Forest district, and various processes, both
aeolian and non-aeolian have been invoked to account for their

formation. In a survey of the Pleistocene gravel terraces of the area,

Everard (1952, 1954) found brickearth up to 1.5m thick mantling the
gravel. He suggested that it could be a decalcified head
(gelifluction deposit) reworked partly by fluvial and partly by
aeolian processes during several Quaternary stages. Lewin

(1966 a,b) described deposits lying on the gravel terraces and in the
bottoms of valleys incised into the terraces. In common with White

(1917), he concluded that they were floodloams, using as evidence their
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particle size distribution and geomorphological position, but

suggested that they may contain.windblown‘material. Swanson (1968)
agreed with this suggestion for most of the brickearths he found in

the New Forest and around Southampton.but thought that at three sites
there were weathered loesses., Fisher (1971), Tuckfield (1974) and
Keen (1980) also agreed that the brickearths are floodloans containing
some loess, and showed that they most comﬁbnly occur in the southern
New Forest. Keen followed White (1917) in suggesting that these
floodloams are little younger than the terraced gravels on which they
lie, and are therefore of several ages. Fisher (1975) showed that the
surface horizons of some brickearth soils, on all terrace levels
appeared to be enriched with coarse silt and fine sand particles, which
he interpreted as a late Pleistocene aeolian addition, post-dating the
brickearths,

' From this brief summary of previous work (dealt with more fully
in Chapter 2), it can be seen that although the brickearths of South
Hampshire are likely to be paftly composed of loess, they also seem
to be partly non-loessic, and there may be loessic and non-loessic
brickearths of different ages. Therefore in studying them, the
opportunity exists to contribute both to the knowledge 6f British loess
stratigraphy and distribution, and to a general understaﬁding of
Quaternary events in the Hampshire Basin. This latter aspect is
particularly important because knowledge of the Quaternary history of
south-Hampshire is poor compared with, for example, the Thames Valley.
This is partly tecause little work has been done on the superficial
deposits, and partly because there are few dateable organic remains.
However, Chartres (1980) has shown that where an absolute chronology
cannot be established by conventional dating methods, pedological and
petrographic studies of superficial deposits of different ages provide

a useful means of establishing a sequence of Quaternary events.,
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Previous work on the south-Hampshire brickearths largely ignored
detailed petrographic and fie}d techniques which are now regarded as
essential for comparison of pedological and lithological features of
Quaternary superficial deposits from different areas (Catt,i379;;)
These comparisons allow the correlation of soils of similar
characteristics and age so that a stratigraphic framework can be
constructed. This has already been partly achieved mainly through the
study of Flandrian soil profiles and pre-Devensian paleo-argillic |
horizons (Avery, 1980) developed on and buried beneath tills (Rose
et al., 1976, 1978; Rose and Allen 1977; Sturdy et al., 1979) and
lying on Quaternary river terraces (Chartres, 1980).:Th9 mineralogical
characteristics of loess deposits of different ages can als§ be used to
elucidate Quaternary stratiéraphr*“ (Rose and Allen, 1977; Avery
et al., 1982).

1.2 -Objectives.

It was the intention 'of the present study to map and explain the
distribution of the south-Hampshire brickearth and associated soils,
to assess the extent to which they are composed of Late Devensian and
older loesses, to re-assess previous theories of their formation and
to suggest subdivisions of the deposits based on composition,
chronology and mode of deposition. New data haw been obtained by
detailed field mapping and description, and by laboratory studies of
the deposits mainly using particle size, mineralogical and
micromorphological analyses. The techniques used are those:already
established by recent work elsewhere in Britain, so it is hoped that the
maximum comparability of results will be obtained.

1.3 The Study Area

The study area is that part of south-Hampshire bordering the
Solent (excluding the Isle of Wight) lying approximately between
Highcliffe (SZ215931) in the west and Solent Breezes (SU502040) in

the east. The northern boundary extends to the Tertiary escarpment,
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of the New Forest running from Minstead (SU280110) to North Charford
(SU198196) so that the New Forest occupies most of the area. Fig 1.1
shows the area,

1.4 Quaternary Correlation

In this thesis the subdivision of the British Quaternary proposed
by Mitchell et al., (1973) will be used (table 1.1). Whenever
possible, discussion of material by authors using other systems will .

be converted to this system,

1.5 Solid Geology

The study area lies wifﬁih the Hampshire Basin, ;vbroad east-
west trending asymmetrical syncline fofﬁed‘by the Alpine earth . |
movements culminating in mid-Tertiary times (Chatwin 1960);‘\_The
Chalk forms the floor of the Baéin and was partly eroded during the
early Tertiary before being covered by Palaeocene, Eocene and Oligocene
strata. These Cretaceous and Tertiary rocks are the ﬁost likel§ local
sources of material for the superficial deposits. _The‘hearest Chalk
outcrops are now on the Isle of Wight, but chalk originally formed a
continuous ridge to the mainland via the Wight-Purbeck monoclﬁﬁe which
was probablyﬁbfeached by rising seaflevels during the Flandrian period
(Everard, 1954). To the east of the study area the Chalk is exposed
on the Porisdown anticline, and to the north along the rim of the
HampshireVB;sin.r These outﬁrops are thelorigiﬁal source of the
flints wﬁich are the dominant constituent of the local Pleistocene
terrace gravels (Keen, 1980).

The Tertiary strata, péfficular;y Eocene-and Oligocene beds,
form the major solid outcrops in the study area,&and total 487m thick
in Whitecliff Bay, Isle of Wight, where about 90m of strata have
already been eroded (Wright & Curry, 1958; Rayner, 1967). They were

deposited in several cycles of marine-continental-marine sedimentation
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ERA STAGE DATING (years b.p.) CLIMATE

Holocene Flandrian after 10,000 temperate
late - 26,000 to cold
10,000
Devensian middle - 50,000 to cold
26,000
early - before cold
50,000
upper Ipswichian 128,000 temperate
Wolstonian 200,0007 cold
Hoxnian temperate
Anglian cold
Pleistocene middle Cromerian - temperate
Beestonian cold
Pastonian temperate
Baventian cold
Antian temperate
lower Thurnian cool
Ludhamian temperate
pre-Ludhamian 2,000,000 cool
approx.
Pliocene

Table 1.1 British Quaternary Stages (from Mitchell et al., 1973,

with additions from West, 1977 and Catt, 1979a)
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due to intermittent invasions of the sea from the east over an area of
low lying coastal swamps and lagoons (Stamp, 1921). As a result,
marine, estuarine, fluviatile and lacustrine sands, silts and clays are
present, with the sandier fluviatile beds being more prevalent towards
the west of the Basin (Table 1.2). Over most of the .studyarea the
Tertiary rocks dip gently towards the south east at a slightly greater
angle than the land surface so that successively younger rocks outcrop
in that direction. Thus in the north-west the oldest outcropping beds
are the largely fluviatile Bagshot Sands and the prédominately marine
sands and sandy clays of the Bracklesham Beds. These are followed by
the sands, sandy clays and clays of the Barton Beds which are marine
and fluviatile in origin. The Barton Sands have the most extensive
outcrop in the area not mantled by Pleistocens gravels, and occupy a
broad piece of land in the central New Forest from Cranes Moor through
Lyndhurst to Dibden Purlieu. Further south, Headon beds outcrop between
Beaulieu Heath and the coastal fringe of the New Forest, but are

largely covered by up to 6m of gravels and brickearth. These beds

are mainly fluviatile fine sands and silty sands, with the Middle
Headon Beds being more clay-rich, marine sediments (Reid,1902 a;: White
1915, 1917; Chatwin, 1960; Hodson, 1964).

1.6 Quaternary Geology and Geomorphology

The land surface of the study area descends from 127.4m at
Bramshaw Telegraph on the northern Tertiary escarpment in a south
easterly direction towa;ds the Solent and Southampton Water. Over
much of this area the Tertiaries are mantled by Plateau Gravel

and the much - - gmaller spreads of Valley Gravel in the valleys of

- -

the major sifeams such as the Lymington River. This division of the
gravels is based solely on geomorphological position as they are
similar in composition (Chatwin, 1960). The Plateau Gravels are

arranged in a series of terraces which are moderately dissected below
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Table 1.2 The Lower Tertiary (Palaeogene) Succession in the

Hampshire Basin (From Rayner, I1967)

OLIGOCENE

EOCENE

PALAEOCENE

CRETACEQUS

Upper Hamstead Beds

Lower Hamstead Beds
Bembridge and Osborne Beds
Upper and Middle Headon Beds

Lower Headon Beds
Barton Beds

Upper Bracklesham Beds
Lower Bracklesham Beds

London Clay

Reading Beds

Upper Chalk
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40m, but are present only\as a few isolated eroded remnants above that
height. Keen (1980) examined the composition of the gravels at 24
sites below 40m and showed that they are composed predominately of

flint (64.2% - 95.4%) with some quartz (0.8% - 27.2%) and lesser

amounts of greensand chert and other far-travelled pebbles. Fisher
(1975) showed that there is little variation in flint roundness between
gravel samples from all terrace levels, and that the gravels are.
composed mainly of subangular flints in a coarse sandy matrix. The
gravels also contain water-worn sarsens up to 2m long, and sometimes have
incorporated into their base mud clasts and silt blocks derived from the
underlying Tertiary beds (Keen, 1980).

Three depositional environments have been proposed for the
formation of the gravels: fluvioglacial, fluvial and marine. A
fluvioglacial origin for the high-level Plateau Gravels was first
proposed by Burkitt(1931) and later restated in a model of the glaciation
of Salisbury Plain (Kellaway, 1971) and the English Channel (Kellaway
et al., 1975). These authors have suggested that the gravels date
from the Anglian glaciation (Kellaway, 1971) or earlier (Kellaway et al.,
1973), and that they are fluvioglacial outwash composed of material
derived from the Clay-with-flints (a superficial deposit on the Chalk
of Salisbury Plain) and local Mesozoic and Tertiary rocks. Kellaway
et al., (1975) discounted marine or fluvial origins for the gravels
on the basis that these agencies could not have moved such vast
quantities of materials and that there was no evidence in southern
Englénd for high base-levels in the early Pleistocene.

Against this hypothesis, Kidson and Bowen (1976) have
demonstrated that all the evidence used by Kellaway and co-workers
to suggest a former glaciation of southern England and the English
Channel can be interpreted far more convineingly in oth;r ways that

satisfy conventional notions of the Quaternary history of this area.
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More specifically, Green (1973) has shown for the gravels of the Hampshire
Avon and Fisher (1975) and Keen (1980) for the Plateau Gravels, that they
contain no éxotic pebbles from outside the Hampshire Basin, as would be
expected if they had been derived from ice which originatea from south
Wales and Cornwall. |

In a detailed fieldnstﬁdy of the form and distribution of the
terraces Everard (195)) recogniéed levels at approximately * 128,
119, 113, 92, 70, 56, 50, 46, 31, 21, 11 and 5m 0.D. as well as
submerged terraces at - 9m and -18m below Southampton Wéter.
Following Green (1946) and Bury (1923), he ascribed a ' marine
origin to the three highest terraces, despite acknowleéging that the
gravels forming them have a non-marine, coarse, subangular appearance.
He did this largely because Whife (1921) described beach cobbles at a
similar level on fhé/Isle of Wight, and because Sparks (l949a)mapped
a 131m marine plafform on the South Downs, although the authenticity
of Sparks' platform has since been questioned (Hodgson‘éﬁ_él., 1974).
Kubala (1980) has recently reassigned the high level gravels fo terraces
of an ancestor of the River Avon, based on the observed geomorphological
continuity of the terraces with known river terraces at lower levels
(Sealy, 1§55).

The poofly represented 92m terrace was regarded by Everard as
the oldest fluviatile stage, because its longitudinal gradient is
typical ofoluviatile terraces. He felt it may have been partly formed
by the 'Solent River' (Darwin Fox, 1862; Reid, 19023),a hypothetical
eastwardfflowing trunk stream (a continuation of the*Dorset Frome),
which is.alleged to have drained the area at times of low sea-levels
during the Pleistocene prior to the breaching of the Wight-Purbeck

ridge. Recently, Cornwell (1980) mapped the sub;gravel surface on

#The Imperial units of Everard have been converted to the metric and rounded
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this terrace by geophysical methods iﬂ an attempt to locate
obscured inter-terrace bluffs whiéh were suspected after boreholes
showed the gravel varies in thickness befwéen 3.2 and 5.1m. | No
clear evidence for further subdivision of the terrace was found.
The 70m, 56m, and 50m terraces also display west-east longitudinal
gradients, and Everard suggeéted that the Solent River became well
established at this time and was responsible for their formation.

The low terraces between 46ém and 5 m are remarkable for their
longitudinal horizontality across the full width of the study érea.
Everard therefore concluded that they were marine, despite his
feeling that the gravels were (p.50) 'typically fluviatile in
appearancé'. He reconciled this by suggesting tﬁat the gravels
were originally river deposited, possibly at the 92myand 70m stages,
and were later eroded and redeposited by the sea in a sheltered

estué:ine environment, which did little to alter their character.

The submerged terraces at - 9m and - 18m in Southampton Water
show the longitudinal slope of fiuviatile terraces. Everard
supposed that the Test formed these benches and was a tributary of
the re-established‘Solent River. This theory has been upheld by
Dyer (1975), who used seismic profiling to show that séveral submergea
terraces occur in the Solent and can be tentatively correlated with those
in Southampton Watér. Dyér's thalweg of the Solent River at this
stage shows that it was graded(to a sea-level at least 46bm below 0.D.

Keen re-examined the evidencé for the depositional environment
of the gravel terréces between 40m and present sea-level, originally
mapped as fluviatile by Green (1946) and as marine by Everard.
Against Everard's five terraces Betweén 40m and 0.,D., Green
recognised four; Boyn Hill, Upper Taplow and First and Second Lower

Taplow, based on altimetric and archeological correlatiéns with the
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well-established Thames terrace sequence. Keen (1975) resolved

these into three stages, his 'high', 'middle' and 'low' terraces

based on field recognition of the most significant:.breaks.of slope.

He later (1980) argued against a marine origin for the three terraces
principally on the basis that there would have been insufficient fetch
in the Solent prior to the breaching of the Wight-Purbeck ridge to
produce waves able to cut benches up to jkm wide. “However, this
proposal ignores evidence that ice-riving on shorelines during
Pleistocene cold peridds has cut wide marine benches in hard rock in
sheltered areas of low fetch such as north-east Skye, Scotland

(Sissons, 1981). Keen also felt that the fact that the sole known
Pleistocene organic deposit in area, at Stone Point (Brown éﬁ ale, 1975)
provides evidence only of brackish conditions, supports a non-marine
hypothesis for the origin of the terraces. However, this deposit is
interglacial, not associated with terrace aggradation. Keen proposed

a fluvial origin because current bedding structures in all three
terraces suggest a broadly eastward flowing stream,because the presence
ofchannels up to 6m deep in the gravel base indicate a fluvial regime,
and because the gravels of all three terraces are mantled _w;th’brickearth

which he interpreted as a floodloam deposited fluyially’with the gravels.

o~

e o

1.7 Age of Terraces

The age of the South-Hampshire Plateau Gravels is largely
conjectural because only one dateable organic deposit has so far
been found, at Stone Point (Brown et al., 1975) However, their
age is an important consideration in the study of the brickearths
if the latter are associated with terrace aggradation. In general,
coarse fluviatile flint gravels are regarded as the products of
erosion and deposition during Pleistocene cold periods in southern
England (Briggs and Gilbertson, 1980), because only then were diséhargeé

great enough to move this calibre of material, Similarly, the
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cutting of broad marine platforms by icé-riving (Sissons, 1981)

may also have been exclusively a periglacial phenomenon. However,
such terracesare often erroneously attributed to interglaciéls‘
because~dateablerrganic and archeological deposits associated with
them often date to interglacials,

The organic deposits at Stone Point outcrop on the foreshore
and have been dated to zone f of the Ipswichian interglacial (Reid,
1893; West and Sparks, 1960; Brown et al., 1975). The deposits
apparently underlie a low cliff in the 'low terrace! of Keen (which
Fisher (1975) has assigned to Everard's 5m stage). Brown and
co-workers therefore date this terrace to the Ipswichian/Early
Devensian transition. The organic deposits overlie a 'lower gravel!
representing an aggradation from below sea-level to at least 2m above
it. This gravel is thought to be Wolstonian in age and the submerged
terraces of the Solent are attributed to the low sea-levels of the
Devensian (Brown et al., 1975)

Kellaway gi al., (1973) suggested that all the terraces between
113m and 21m 0.D. are Hoxnian in age because of the Lower
Palaeolithic implements found on them. However, +the implements
could have been dropped on existing terrace surfaces or subsequently
incorporated in lower terraces by gelifluction (Bury, 1933; Green, 1946}
1947; Roe, 1975). There is consequently little justification for
dating all of these terraces as Hoxnian, especially as correlations
between Palaeolithic industries and British Quaternary Stages are
at best tentative (Wymer, 197%). However, the inclusion of Lower
Palaeolithic implements of the earlier Acheulian type (Roe, 1975) in
the middle and high terraces of Keen, suggests that these terraces may
belong to the Middle Pleistocene cold stages

The higher terraces (above I1I3m) are widely regarded to be of

Lower Pleistocene age (Kellaway et al.,. 1973 suggest pre-Anglian),
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associated with falling base levels since the Pliocene (Everard,
1956). A Lower Pliestocene age is also indicated by the extensive
dissection which they have undergoné; and by the high degree of
rewofking by gelifluction compared with the lower terraces (Kubala,

1980; Tuckfield, 1974).
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i CHAPTER 2

h &

THE NATURE AND ORIGIN OF BRICKEARTH

_ .. 2,1 General Introduction

The term 'brickearth' has been used to describe a wide.
variety of sediments only some of which are suitable for brick-
making. These have .included materials of diverse origin such as glacial
till (e.g. the Norwich Brickearth; West,1977), marine clays (in the.Nar
Vallqy; Rose,1865)4and.typical loess (at Pegwell Bay, Kenty Pitcher et
;_33,1954), Although the term has mainly been applied to certain
. GQuaternary superficial deposits, older strata such as the Tertiary
vReading%Beds have been so described if they are used in brick-making
. (Reid,1902a), o .
During the late nineteenth and early twentieth centuries
. brickearth was mapped extensively by the Geological Survey,.mainly in
»vvsouthern England., Although this mapping class was never properly.
. defined, it included many-of the loamy superficial deposits found in the
. region even though it was recognised that they were not all formed by
the same. process. Pre-Quaternary deposits were not mapped as brickearth.
. Brickearth was a convenient term because many of the deposits included
were. texturally similar, though their precise mode of formation was
often difficult to ascertain. However, better subdivision of the
deposits could have been achieved but for the indifference which many
.early geologists showed them, often limiting their descriptions to
thickness and colour,

. 2.2, Theories of Formation D e

Prestyich‘(1864) was an early proponent of a fluvial origin of
‘brickearth. . He proposed that the sediments he found in the valleys of -
the Thames, Medway and Stour were in every way identical to the loess of

the Rhine valley, which was considered to be fluvial at that time.
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Although the bulk of Rhine loess is now known to be aeolian, many Thames
brickearths are still thought to be fluvial. :Some are very similar to
loess in texture, but have laminations and stony seams indicating fluvial
reworking (Tamplin,1966; Zeyner,1959). Others, for example at Crayford,
do not resemble loess,* being fluvial or estuarine laminated sands and - -~
massive clays (Kennard, 1944; Hollin,1977). ' Hodgson (1963) described
brickearth ‘on the Sussex Coastal Plain, thought to be derived from loess,
which had been locally reworked by stream action during the later stages
of deposition. The idea that brickearth is .synonymous with fluvially
reworked loess is a persistent feature in the literature and has led to
at least one definition: "Brickearth is a deposit generally possessing
maﬁy of the grain-size characteristics of loess with horizontal bedding,
consistent with sedimentation in water, a common feature" (Eden,1980).
Such a definition makes no allowance for the fact that many deposits
named brickearth ;n‘the past are clearly not fluvially reworked :loess.
Deposits which do fit this precise definition are more aptly labelled
'schwe m 10ss' after the INQUA Loess Commission recommendations (Fink,197é;
 Table 3,1)s ™ = < 0 e o curs

© =+, godwin Austen (1887)-thought that. the brickearth of the Sussex
coast was a’'colluvial wash formed under far wetter conditions than at:
present. -This hypothesis was supported by the observation that it
contained land snails that are now‘;carce and that its textural
eomposition was strongly influenced by the character of the underlying
strata. Conversely, Reid (1887; '1903a) thought it was a’gelifluction
deposit, an altered fine-grained variant of the coombe rock which often
underlies it.‘~Moré‘receﬁt1y; Hodgson (1967) showed that the deposit has
been redistributed largely by gelifluction from an initial loess cover,
In-contrast, Sparks(l949b)§resented:evidencé‘that the upper part at least

of the brickearth“atiAnghéring continued to accumulate as a wash until
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well into the Flandrian,
In the Chatham area of Kent, brickearth has formed by all three
ﬁibéééséé;‘hiliwésh; river action and solifluction, from pre-existing
| loamy, probably loessic (loess containing) sediments (Dines et al.,1954).
The deposits are all similar and are thought’to resemble Continental loess.
These brickearths were mapped separately as 'head brickearth;;"fiver
brickearth' and 'hillwash head'. =
" On the Chiltern Hills various superficial deposits, some of
obscure origin, have been called brickearth, A variable, red mottled
flinty sandy clay thought to be a mixture of disturbed Reading Beds and
Clay-with-flints (Whittaker,1889; Woodward and Herries,1905) was mapped
as brickearth on the original (0ld Series) Geological Survey maps of the
area,’ Tﬁis“depbéit approximates ‘to ‘the Plateau Drift (Loveday, 1962)
whose origin is not known with certainty, but may in part be glacial
(Thomasson,1961; Catt,1981). ‘'True brickearth' is a term coined by
Barrow (1919) to distinguish-silty laminated almost stonefree sediments
occupying- funnel=shaped depressions in the Chalk dipslope of the
Chilterns from the much more widespread flinty brickearth of Whittaker,
The true brickearth has recently been investigated at a number of sites
by Avery.and co-workers (1982) who concluded that it was formed in long-
established dolines which were infilled by mixeq sediments washed ‘and
soliflucted from adjacent land surfaces during several stages of the
Quaternary. They suggested that the silty infillings were derived by -
sorting from local deposits. of Reading Beds, Plateau Drift, Devensian-
loess and Wolstonian and/or Anglian loess. Some of the true brickearth
was affected by:soil formation and rubification before the Devensian
pgriod. Elsewhere on the Chilterns, especially on sites sheltered from
eé;sisn; ;.silty drift composed largely of Late Devensian loess has

been named brickearth,_and supports soils of the Hgmble, Hogk, Charity

and Batcombe series‘(Avery,l964;”Aqery et al.,1959; Avery et al.,1972>.
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The mapping of these soil.series elsewhere in-southern England has done
a great deal-towards:extending the known distribution of loess-derived
2brickearth. - The:origin-and distribution of British loess will be "
‘discussed in Chapter 3, - ".'» - R S e S
--<These examples show that -the various deposits mapped ‘or described
as brickearth have neither genetic or stratigraphic unity. The ‘term
is an omnibus.onej there is little need to give it a narrow definition
‘because the constituent sediments can all be placed in already well defined
classes,’ .The advantage of its use, and the reason it hds persisted is
-that fieldworkers can-use-it to describe loamy superficial sediments whose
origin is not immediately clear and can only:be clarified by detailed - .
.field and laboratory studies.. Once such studies have established whether
-the brickearth is-loess, or a fluvial deposit, or some other well defined
category, -then.these precise sedimentological terms should always be used

in -preference ‘to brickearth in order to avoid -ambiguity.

2.3 .The South Hampshire Brickearth

‘Because this thesis will examine the origin and nature of
‘Quaternary brickearth of which some has already been mapped and described,

2 ‘broad definition that encompasses all previously studied deposits is

4

A - ) =

required, -
Bricfea;fﬁ ls defined here as 'a iaamy suﬁgffidiai di}ff'of
Quaternary age', following Fisher(1971). In contrast, the Institute of
Geological Sciences (Chatwin,1960) give a slightly narrower definition:
wprickearth is a brown loam, consisting of a mixture of quartz and flint-
sand and ferruginous clay. Sometimes finely divided chalk isxpresent,

as also scattered flints and gravelly seams®

3 1 Distribution

E

’ Brickearth appears on the 1:50,000 geological maps of south

Hampshire at only a few localities, the largest patches of which are at

Barton—on—Sea and in the Southampton area. However, the Geologlcal Survey
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Memoirs of the area (written well after the field survey) suggest it
is more extensive than indicated, and is usually 0.3=1 m thick over the
Southern Plateau and Valley Gravels (White 1915, 1917). Near Milton
it was reported to be up to 1.5m thick and was worked for brickmaking.
Kay(1959) extended its known distribution in a soil survey of an area
on the eastern side of Southampton Water, while on the New Forest®
terraces brickearth has been mapped near Fawley (EVerard,l952) and
Beaulieu (Fisher,1971) (Fig.2.1). R o -
After systematic sampling of soils and superficial depdéits on
all terrace levels in the area, Fisher (1975) noted that the brickeaefh
was ; common on terraces below 80m, including those in the Avon valley: .
Most authors from Reld(l9023)onwards have emphasised the close h
association between the South Hampshire brickearth and ‘the terraced
gravels, and Keen(1975) suggested it always overlies4theseﬁdeposits and

never the extensive outcrops of the Tertiary sediments.

2e 3020 Origin

-

The early geologists working in,soutﬁwﬁdﬁbsgire considered the_'
brickearth to be a-floodloam, though thedr only supporting evidenée};as
field observation of rare indistinctflaminations and the ;ssdciation of
the material with gravel terraces which werehthouéht to be fluvial (White,
1917; Chatwin,1960). Probably more‘inflﬁential was the fact that, at
that time, many other brickearths-in-southern England ‘were regarded as
fluvial by eminent geologists such as Prestwich and ILyell,

Subsequently most researchers have concluded that the South
Hampshire brickearth was at least partly fluvial., Everard(1952)
suggested it was originally-a head (gelifluction) deposit-which had ‘been
decalcified and reworked by fluvial and aeolian processes. As the
brickearth usually has a coarser median particle size and ﬁeofe; sorting

than loess, Lewin(1966a,b) also thought it was a floodloam, but he

considered a large proportion of the material was originally wind-deposited.
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Fig. 2.1 Known distribution of brickearth in south-Hampshire

(from Kay,1939; Everard, 1952; Fisher,1971 and the _
maps of the Institute of Geological Sciences)
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Swanson(1968) compared the particle size distributions of several
brickearth samples with known loess and modern floodloams (from the New
Forest) and suggested they fitted neither category particularly well, He
thought the:high sand content of the brickearth could have been due to
the mixing of "saltated sand and silt from aeolian suspension. However,
he felt that if it was aeolian, the brickearth would be more variable in
thickness and would have been more eroded in England's moist oceanic
climate, :Without resolving this argument he concluded that at all but -
three sites the brickearth was a floodloam and could be distinguished
from the loess at the other three by its greater tendency to
podsolisation, detected by micromorphological analysis. It is
questionable whether pure loess exists at these three sites because

one (at Gore) had about 60% fine sand (60-200um) which is far more than
the upper ‘limit set by most authorities for loess (Russel,1944; Pesci,
1968), and the other two were not distinguishable from the rest of the
brickearth by particle size analysis alone.

- Fisher (1971,1975) also thought the texture and sorting of the
brickearth indicated a floodloam that probably contained some loess, and
he suggested that in parts of the eastern New Forest the brickearth' may
represent channel infill in the gravels, His particle size distribution
curves showed the brickearth is similar to the-Pleistocene floodloams: -
analysed by Zeuner(1949).  He also demonstrated that the clay fraction
of the brickearth is mineralogically much more variable than the fine -
earth of the Plateau Gravel, containing smectiﬁe, feldspar, chlorite
and various forms of vermiculite which are rare or absent in the Plateau
Gravel. This indicated that the brickearth and gravel may have -
different sources,- The textural profiles of some soils at all- terrace
levels showed an'increase of particles in the 10-100um range up the
profile, which»Fisher(1975)ﬂinterpreted as a late Pleistocene aeolian -

addition, post dating the brickearth,

*

“
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Keen(1975,1980) argued for a fluvial origin of thé brickearth
because of its low silt content and because the presence of numerous
flint chips could not be explained by an aeolian origin. However,
he found no sedimentary structures typical of fluvial sediments. He
developed a conceptual model whereby the terraced gravels and the
brickearth were deposited as part of the same seasonal periglacial fluvial
environment, the gravels being deposited in the high discharge"
conditions of the spring melt, and the brickearth under low energy summer
conditions during which some aeolian reworking of material may have
occurred on the floodplain,. However, if the brickearth was deposited
during low.flow rates it would probably only lie on parts of the flood="
plain close to the stream channels, and the next high discharge event
would either sweep it away or bury it. 'Previous’authors, including
Keen, provide no evidence that the brickearth is ever overlain by gravel
which implies that, if they are floodloams, the sheets of brickearth
must have been deposited in a single summer, the last before the stream
graded to a new floodplain level. Yet Keen uses evidence that the
brickearth is thicker on the highest of his three terraces to suggest .
that this terrace took longer to form, a view not tenable if the above
interpretation of his model is valid.

Only Green and Calkin(1949) have suggested that the brickearth
is completely aeolian,.comparing it to similar material overlying the
flqyiaﬁile gravels of the Somme., . However, Catt(l977,1978) interprets
the floodloams of Fisher(1971) and the brickearth mapped by the Institute
of Geological Sciences as loess, .qualifying this by demonstrating that
most British loess has been reworked by widespread gelifluction,
colluviation and stream action. Another indication that at least some
of thg brickearth may be more purely aeolian than previously thought
comes froﬁ the work of Palmer and Cooke(l923) who showed that the upper
brickearth at Lee-on=-Solent near Gosport,'Hampshire is contemporaneous

with and resembles the widespread upper brickearth of the West Sussex
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Coastal Plain:which Hodgson(1967) and Perrin and co-workers(1974)
have since shown to be loess. The brickearth mapped by Kay(1939) -
east of Southampton Water is probably a continuation of the upper -
brickearth of Palmer and Cooke. S '
The views of previous workers on the origin of the brickearth
must be. re-examined because their proposals are often based on doubtful
evidence, and there are many contradictions and inconsistencies. The~

main distinguishing features of the Pleistocene<fluvial brickearth in the

Thames Valley, an aquatic fauna and"fluviatile sedimentary structures

-» (Kennard, 19443 Hollin;1977), have not been observed in the south Hampshire

brickearth. - On the other hand, the main method of identifying loess in
Britain, the mineralogical analysis of coarse silt and fine sand

fractions, has not been attempted in south Hampshire. - i

Reid(1902ahnd White(1917) thought the brickearth was little
yoﬁhger than fhe)égg;él terraces on which it liés anaﬂ is therefore of
severai égeé? “Ks hé’had di#ided the’terraces béiow 46m into threen.
staéés;'Keen(l975)“considered there were three~brickearths,‘Bﬁt a specific
age was oniy suégeéfed for the lowest ana ybﬁngést: the Ipswichian/
Devensian transition, Fisher(1971,1975) suggested that since the
Brickearig is often involved in periglacial disturba;ceé;‘some of it must
pre=date Zone iii'of>the Late Devensian, the last period when these
featurestébuid have been produced. He'aléo found (Fisher,l975) that
él%ﬁéugh‘tﬁéreMwere'pfobably brickearths of different ages, a(simﬁié
chronoséquenée”could nét be identified across the terraces because of
periglaciai'hixing and erosion. |

" "swanson(1968) suggested ages for the brickearth at three
;ifeg based 6ﬁ‘obsérvafions of weaiheripgrand compafiéén Q}Eﬁathe
weathered lsesé section at St. Pierre i;s‘Elbéuf, France, Howevef, it

is nog cle;r if the weathering was assessed by field observation,
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mechanical analysis, micromorphological analysis or a combination of the
three, At Holbury, the loess lies on the 31m terrace which-he regarded
as Hoxnian . He therefore suggested the-loess may be Wolstonian as:its
weathering is similar to Eemian (= Ipswichian) weathering at St. Pierre
Les Elbeuf. At Gore an aeolian sand overlies a floodloam of the 3lm-
terrace, Swanson proposed that the floodloam was weathered in the
Ipswichian and that the aeolian sand is Devensian., At Nursling Triangle
he suggested the loess is weathered very similarly to the Wurm 1/2 soil
at St. Pierre Les Elbeuf (Early Wurm soils of lautridou;1974 = Early
Devensian). This date is interesting because all the Devensian loess
reported previously in England has been attributed to the Late Devensian
(catt,1978).

Despite the wide range of ages proposed for the South Hampshire
brickearth , no author has suggested any of it is Late Devensian., This
situation 3 demands further:-investigation in view of the very
widespread occurence of Latg Devensian loess (and other superficial
sediments) in southern England. Most of the proposed ages have been
based on poor evidence, such as the ages of terraces which themselves
have not been reliably dated, or on questionable estimates and
comparisons of weathering. However, the upper brickearth of West
Sussex and -South Hampshire shown in the section at Lee-on-Solent is
probably Late Devensian because the latter is younger than local
Aurignacian industries (Palmer and Cooke,1923) and the former is -
mineralogically similar to Late Devensian loess elsewhere in England
(J.A. Catt, pers.comm.).

Some of the floodloams described by Lewin(1966a,b) are
probably even younger because they were found mainly on’'valley sides and
riverside locations which would have been subject to severe gelifluction
during the Late Devensian. They are therefore likely to date from the

Flandrian-Period.
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2.3.4 Soil Formation

Although detailed soil maps of the study area have not yet
been published by the Soil Survey of England and Wales (Jarvis,1980),
the main types of soil likely to be found on the brickearth can be
prédicted from a variety of phblished and unpublished work. The soil
survey by Kay(i§39) of the strawberry growing district on the east side
of Southampton Water described three soil types developed on brickearth,
the Hamble, Hook and Park Gate series, These names have been adopted
by the Soil Survey for similar soils mapped elsewhere in England and
Wales, The study area west of Southampton Water is analagous to
Kay's area in terms of soil forming factors, so it is not surprising
that all three soils have been noted in Soil Survey ‘internal reports
(1962, 1967), in the south western part of the New Forest and at
Efford Experimental Station, Fisher (1971, 1973, 1975) “showed that
the Hamble and Hook series were the most common soil types developed
on brickearth and the Park Gate series less so, and found that all
three were most prevalent on terrace levels below 70m.

The Hamble seriés is a typical argillic brown earth (Fordham :
and Green,1980; Avery,1980). It is almost stoneless (though stony
variants have been described: Green and Fordham,1973), and is freely
drained, lacking gley features within the upper 70cm. Near Netley
in south Hampshire (SU463101) a shallow variant of the series has been
described, occurring where brickearth is less than 60cm thick over the
Plateau Gravel (Mackney,1974). Typically the horizon sequence is A
(or Ap when cultivated), Eb and Bt. The upper two horizons have a -
weak structure which may suffer compaction if the soil is worked while
"at or near field (moisture) capacity (Hodgson,1967). The Bt horizon
generally has a moderately developed prismatic or blockystructure, and
is characterised by an addition of illuvial clay which often occurs as

clay skins on ped faces and in pores., Because Bt horizons are most
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common in’areas with a‘seasoﬁgl soil moisture deficit (south-east
England in Britain), the translocation of clay has been related to
this climatic feature (Hodgson,1967).

' The Hook series is a gleyic argillic brown earth and the ‘"
Park Gate series a typical argillic gley soil (Fordham and Green,1980;
Avery,l989). ~They are formed in identical parent material to the
Hamble sériés but differ in the occurrence of gleying in the profile,
In the Hook series, grey and ochreous mottling indicative of imperfect
drainage starts between 40 and’ 70cm, whereas in ‘the poorly drained Park
Gate soils it occurs above 40cm (Fordham and Green,1980), On Efford ' *
Experimental Farm, the level of the groundwater table and therefore '
the depth at which gleying appears in’the soil profile‘is'defermined by
the undulating upper contour of the blayey,‘relatively‘impergeable
Headon Beds which underlie the Plateau Gravel. - The distribution of
Hamble, Hook and Park Gate series soils in this area is thus closely
related to subsurface geology (Soil Survey Internal Report,1962), * The
typical horizon'sequence*in the Hook series is A (or Ap), Eb, Bt and
Bt(g). In the'Park Gate series it is A (or Ap), Ebg, Btg (Hodgson,1967;
Fordham and Green,1980),  The intensity of mottling in the latter
series increases directly with acidity and organic matter content, and
is therefore more prominent in semi-natural soils (Hodgson,1967). Both
series display the weak structure of upper horizons and moderate
prismatic or blocky structure of Bt horizons common in the Hamble series.
Although the average ratio of% clay content in the Bt horizon to that
in the A horizon is almost identical in'the Hamble, Hook and Park Gate
series, visible'evidence of clay skins on ped faces and in pores is
relatively rare in the Park Gate series, This feature has led Hodgson
(1967) to suggest that the Bt horizon of the poor or imperfectly
drained-Park Gate'soils formed at some period in the past under

different climatic:and:water table conditions., More recent research
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by Weir et al.,(1971) on a soil profile in Kent developed in brickearth
which was buried by Neolithic colluvium and virtually sealed from
subsequent soil formation, showed thatBt horizons may well have formed
largely in the early Flandrian. However, watér table conditions in the
buried soil may in fact have been very similar to those in Hook or Park
Gate soils because distinct mottling was observed below 45cm, and
radiocarbon dating of the buried surface organic horizon indicated burial
at the end of the Atlantic period, a much wetter time than the present.

Although the Hamble, Hook and Park Gate series are likely to
be the most common ﬁriékeérth soils in the‘éréa,‘others may océur. Fisher
(1973,1975) conducted a systematic sampling of terrace surfaces fhrodghouf
the New Forest to assess the variety of soil types present. He identified
(pers. comm.) a further five soil subgroups developed on brickearth uéing
the terminology of Avery(1973), and to which series names have yet to be
applied. They were: a staéhoéleyic argillic brown earth; typical(humic)
and non-humic brown podzolic soils; a typical (humus),éle§~p6dzol and a
typical (argillic) étagnogie&. Fisher found tﬁe gley fé&zolé fdige the
most common of these subgroups: " The brown podzolic soils are raie and
usually‘develop where thin brickearth is mixed with é;avel by crytorbu%&on.
The stéénogleyic argillic brown earths and typical argillic stagnogleys
are also rare. The devéloément of the podzolic variants is noteworthy‘
because brickearths normally only suppdrt such soiis\in the’wétfer westerﬁ
parts of England and wales_(Catf and Staines, 1982} Cia&ﬁéﬁl 1971} Coombe
and Frost, 1956). They probably occur in the New Forest due to the common
presence of excéssiﬁely drained coarse sands and graveis-benéafﬁ the
brickearth, as well as the preservation of acid heaths on the soils f;;\
common grazing.

The Bt horiions of brown earth soils developed in brickearth
described by Fisher (1971, p.102) and in a Soil Survey Internal Report

(1962) appear to have all the colour characteristics of :. paleo-argillic
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horizons, although micromorphological evidence is needed to eonfirm such

a horizon designation. Paleo-éréillic horizons are argillic B horizons

with additional characteristics, including colour and microstrudture,
attributable to pedogenesis in the Ipswichian interglacial period or earlier
(Avery, 1980). They were originally defined by Avery in 1973 and since that
time their recognition has proved important in the elucidation of the
Quaterparyfsﬁpatigraphy of some areas (Rose and Allen, 1977; Sturdy et al.,
1979; Chartres, 1980).  If -this study can positiveiyaidentify paleo-
argillic horizons in the brickearth it will demonstrate that some brickearth
is pre-Devensian. Thus soil studies will be useful‘not only to determine
the post-depositional history of the brickearth, but also to establish its
age and stratigraphy.

As defined by Avery (1980), paleo-argillic horizons have é
dominant matrix chroma of 4. in hues redder than 10YR and/br red (5YR or
redder) mottles, neither of which is inherited from pre-Quaternary rocks.

In addition, micromorphological analyses show a(more pronounced reorganization
of clay sized material than Flandrian soils, resulting in complex sepic.
fabrics (Brewer, 1964), and there is a greater proportion of disrupted

clay illuviation features as a result of cryoturbation in -a succeeding

cold period(s) (Bullock, 1974; Bullock and Marphy, 1979; Chartres, 1980)

The reddish colouration of paleo-argillic horizons is
attributable to the segregation of iron oxides, partly as hematite.
Schwertmann and Taylor (1977) suggested that the development of reddish
colours (2.5YR-5YR) requires a climate with summers both warmer and
wetter than those of present day Britain. Similaxr colouras occur in
interglacial soils found in parts of France (Federoff, 1966; 1971). The
high degree of clay reorganization in paleo-argillic horizons can be - °
attributable partly to stress caused by shrink-swell cycles induced by

wet, followed by dry, seasons in a warm climate (Catt,'1979a).
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CHAPTER 3 -
LOESS : L -

3:1 The Origin of Loess |

| v &he term loess is derived from the German‘15#5;'%héfnémewfor
d;boéils ﬁéed in the Bhine Valley brickmaking industry. Since Lyell
first introduced the term to the Eﬁ’gli?sh language by describing these
deposits (1834) and others in the Mississippi Valley (1847), a huge
litéfature'has been generated relatiné to dépééits from many paftsabf
the world, |

There has b;en gééat deiat;‘on thé modékof fbfﬁafion of loess,

éspecfally during the niheteenth céntury.‘ Richtenhofen (1877)
populérised the idea of én aeolian oflgin, but other workers favoured
fluvial, laéﬁstrine, Vmarj:;lié and evén cosmic surces, ‘Much of the
argument arose because (as wifh the brickearths in Eﬁgland) the first
deposits studied were associatéa wifﬁsriver terraces in hajor river
systems such as the Rhine, Mississippi and Huang Ho. Fluvial hypotheses
were therefore initiéll& the most attractive, but as the full extent of
the distribution of loess became known, blanketing the landscape in
some regions, it became’geﬁéraii} éccepted that only aeolian
depos{tibh could account for its distribution.

Tﬁe proposal thatlloesé can form by inesitu weafhering‘of focks
has been the only serious alternative to the aéolian’hyﬁbthesis in the
tweﬁtieth.century.‘ Around 1915, L.S. Befg (whose major works may be read
in a 1964 English translation) began to study the origin of Russian
loess froﬁ a pedologiéal viewﬁoint. “Among his objeetiénéito the aébliah
hypothesié)was that hé tﬁought wind speeds aﬁ& direcfions wdula have
been‘far too variaﬁlé‘to pfbdﬁce such a unifbrm, welixsorféd‘deposit
as loeés. Instead, hevéhought the concéhtration of particlés in the’
10-50um range éouldvbé aééounted foryby weathering and ‘soil féimation

in a dry, steppe climate. Berg's theory is weakest where he tried to

[
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account theoretically for the presence of quartz in loess occurring
over quartz-deficient 'parent materials' by the chemical transformation
of silicate and alumino-silicate gels to crystalline quartz. No
evidence has been found for this process actually operating in soils.
(Obruchev,1945; Smalley,1971). Nevertheless, the in-situ hypothesis
was considered seriogsly,until quite recently (0llier,1969).

Russell (1944), in a much quoted paper, supported the in-situ
hypothesis. He considered that the field relationships of the Lower
Mississippi Vallgy‘loess precluded the possibility of formation by
aeolian, lacustrine, fluvial or other sedimentary procegses.'hHe
. suggested that the local river alluvium was the parent material of the
loess, This weathered to a brown loam, crept downslope to mantle valleys
and bluffs and then underwent a process of 'loessification', similar to
that envisaged by Berg. In this process 'carbonates accumulate and¢the
size of particles becomes restricted mainlj to 0.0l-Q.OSmmj'(Russell,
1944 p.l).ﬁ Unlike Berg, however, Russell required that hig parent
material be rich in silt and clay, so the process of loessification was
not required to produce silt.

As a result of the controversy raised by Berg's and Russell's
work, geomorphologists produced more conclusive’evidence in favour
of the aoelian hypothegis. Swineford and Frye (1945) discounted the
proposal that wind action could not produce a well sorted deposit such
as loess by showing that the particle size distribution of dust collected
during a Kansas dust storm was very similar to known loess samples, and
satisfied all of Russell's textural requirements for loess. Doeglas(1949)
demonstrated that the,t;xture and mineralogy of Dutch loess samples was
homogeneous over large areas of widely differing substrata, and indicated
a source in glacial deposits lying well to the north of the loess area,
from which it could only have been derived by wind. Doeglas also showed

that the mineralogy of Lower Mississippi Valley loess precluded an

in-situ origin from local alluvial deposits.
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332 The'Méchanics of~L6ess‘Formétioﬂ

. | - 4 - N N
The formation of aeolian loess deposits requires four critical

ééag;;; 1) The production of silt grains; 2) the incorporation of silt

in a deﬁosit suitable fbr deflatioh by wind; 3) adequate winds blowing
predébina%el& froﬁ 6he direcfion; 4) a suitable place for depdsitibn
’(nyan,1945§ Smalléy,i966). As Smalley (1971) has indicated,

it is often ohly ihe lafér'stages of this éompiex sequehce of events that
afe considered in‘%he‘formation of loess, and tﬁis has led to confusion
éfe; the ultiméte origin of somé‘deposits. ‘

It has fong been recognised thaf the disgriﬁﬁtion of most of the
world's 16es§ is closely related to the occurrence of glééial‘heﬁosits
(prjan,'l945); this has led to the ﬁraposal that the silt is produced
by glacial grinding (Keunen,1960; Smalley,1966). Smalley showed that
by grinding.qﬁértz sand in a ball mill (which he considered analagous
to the cruéhing‘action of glaciew i¢e), a bimodal particle size
distribution Gashﬁroduced that had mucﬁqsilt preseht'in the fraction
vpeéking beiow 200um, Another silt producing‘meéhanism in cold areas
is frost éction andlinsolation weatherigg (Zeumer,1959) which bréaks
down largeéﬁarticles by the internal~sfrains caused during thermal

3,

3exiénsion an& contraction of rock and %feezing andqthawiﬁg of ;ater
in interstitial spaces. These grocessés are probably much\lésér

efficient in préducingksilt than glaciél grinding (Smalley and Vita-Finzi,
1968) although Zeuner (1959) thought that they were effective enough

to produce loeés-like deposifs.in-situ.: A féw of the world's loess
deposits are derived from deserfs and 1lie at their margins, ‘Most of
these require a‘different explanﬁtion for the production of silt;
excéptions a;e th; desert loesses of north China and Cenffal Asia where
£ﬁe silt was probabl& originally proéuéed by glacial,grinding in

nea;by mountain regions (Smalley and krinsley, 1978). Smalley and
Vita‘Finzi (1968) suggested that spalling of colliding sand grains during

violent sand storms was the only indigenous hot desert process likely
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to produce silt. Keunen(1969) refuted this, stating that his
experimental evidence showed the'vast majority of spalled particles

are less than 2um. However, despite its inefficiency, some loessial
silt is'probably produced by this process as a result of its

continuous action over vast areas of sand (Goudie et al, 1979). Another
silt producing process in hot deserts is salt‘weétheQiné; Goudie

and co-workers (1979) have shown by experimentally reproducing diurnal
temperature and humidity variations typical of deserts that the

presence of sodium sulphate helps to disintergrate .quartz sand,-
possibly by crystal growth in cracks and other defects in the grains.

- Bagnold (1941) investigated the physics of wind blown deposits
and his studies 'show that the grain size distribution of source
deposits has an!important effect on the efficiency with which wind =
can deflate particles. Fine sediments composed mainly of silt and-
clay tend to have strong inter-particle adhesive forces which resist
deflation. "However, in moderate to poorly sorted (mixed grain size)
deposits these forces are minimal. Furthermore, rough sediment surfaces
cause wind turbulence "'that helps particles to become dislodged. The
wind can most easily 1lift particles of about BQPm‘ diameter from these
deposits;'higher wind velocities are required to lift particles with
smaller ' and larger diameters. Bagnold's experiments also showed that
particles up to 200um diameter can be carried in suspension but
larger grains will ‘saltate. The impact of saltating grains in mixed
grain size deposits knocks finer particles into the air and is often
the main initiating force whereby fine grains are deflated. Once
particles are moving in the air by saltation or sﬁspension, the wind
becomes an efficient sorting agent. Particles less than 80um diameter
are most easily carried by wind. Clay and fine silt particles are
often swept high into the atmosphere and can be carried almost

indefinitely; their deposition is dependent on rain (Syers et al, 1969).
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Medium and coarse silt particles are carried long distances in
suspension, .but are deposited, as loess, when wind-speeds drop. Sands
are carried relatively short distances, mainly by saltation, and are
deposited as coversands. It is clear that a silt-rich, mixed grain size
deposit is essential for the efficient production of loess. Bryan(1945)
suggested therefore that the fluvioglacial outwash, of .Pleistocene
glaciers was the main source of loess. The more extensive till
deposits were less suitable because of their cohesiveness. In some
areas it is likely that silt was eroded from glacial deposits by
rivers and deflated from floodplains to form loess. (Fehrenbacher .
_gi_gl,(l965). This‘partly;e;plains the association qf loess
deposits with river systems such as the Rhine and Danube (Smalley
and_Leach, 1978; S@alley.gz_gl,al9]3). In deserts, wadi floors and

¢

alluvial fans may have been the main source of silt (Yaalon, 1969).

~ Desert loesses continue téacéuﬁﬁlétéw€oday partly because the
source sediments are unvegetated énd:partiy Beééuée‘larée deserts such
as tﬁe‘Sahafé are in regioné of étrong‘tféde winds. The £ajor loess
deposits of North America and Europe accumulated during Pleistocene
cold’périods; bééause there was fhen‘a ﬁugéksupply of silt in
fluViégiaciél outwash that remained largely ﬁﬁ#egefatea, and because
winds were stronger than today. Rutten (I954) described modern ice-
winds blowing radially off the Vatnajokull icecap in Iceland, which
deposit loess and coversands derived from fluvioglacial outwash.
Similar winds would have béenxﬁfevalént lééaily on ice-caps dﬁiiﬁg
Pleistocene cold periods, whilst on a continental scale strong
anficycionic conditions probabably developed. ~ Hobbs (1943a;b5"showed
how such anéic&clones could have controlled tﬁézdépbéition of
?Leiétocehe loess'ih'Noi%h Aﬁérica’and Eﬁrope. In north Europe there
;g&id probably have been a large anticyclone over the Scandinavian

ice-cap and a lesser one over the Alps (Lill and Smalley, 1978).
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Loess is deposited when windspeeds are no 1onger‘sufficient‘tb’
support the pé;ticles. It has become an entrenched view in the
literature that'a vegetated surface is required to trap the silt (see,
for example, Obruchev, 1945), because the faunal remains found in some
loess deposits have suggested a dry, grassy steppe environment (Lozek,
1968) or even a forested one (Leonard and Frye, 1954). However, Cegla
(1969,1972) has shown that ground vegetation is not an efficient silt
trap and may infact hinder depositioﬂ due to the turbulence it causéé.
He proposed that ground moisture acts as the initial adhesive force
which traps the silt. Once the silt is deposited inter-particle electro-
static attraction promotes adhesion (Smalley, 1966). Further wind
erosion of the loess is also unlikely because the smooth surface of the

fine sediment does not generate disturbing turbulence (Bagnold, 1941).

3:3 Definition and Characteristics of. Loess

A perennial problem in establishing a definition for loess is
to decide whether it should justndesc;ibe the characteristic properties
of deposits known as loess, or wﬁether the definition should include the
mode of formation of the dgposit. No universally applicable definition
has been produced because a gongiQerable variety of deposits have been
called loess, and once sp-gailgd,‘the label tends to stick.
Definitionsain terms of characﬁeristic properties inevitably refer
to local peculiarities thatlworkers in other regions find unaccqptable.
Genetic definitions are prob;ematical because some deposits known as
loess, particularly in‘Eagtern Europe and Asia, are non-aeolian
(Obruchev, 1945).‘ Furthermore, workers:in some countries refer to,
deposits as loess that have obviously been extensively rqworkedﬂby
other processes since aeolian deposition, ‘ L

The definition most often quoted is that of Russell (1944),

who described the characteristics of the unweathered Lower Mississippi

Valley loess as follows 'Loess

wharao N

is unstratified, bomogeneous, porous,

-
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calcéreoué, silt;® it is characteristic that it is yellowish or buff,
tends to split-along vertical joints, maintains steep faces and
ordinarily contains concretions and snail shells.” 'From the quantitative
standpoint at-least 50% by weight must fall within the grain size
fraction'0,01-0.05mm:and it must effervesce -freely with dilute
hydrochloric ‘acid." - T

.~ ~ The concentration of particles in the silt fraction is the most
common pointfof’agreement“bgtween definitions, although the degree of
sorting ‘and size limits"to be adopted are disputed. ~Pecsi(1968)"
suggested at'leaétf40% of “the material should be in'the 0,01-0,05mm’
range, whereas ‘Zeuner(1945) proposed”that 70=95% by ‘weight*falls in the
0.02-0,06mm fraction, ‘ILysenko(1973) went even further and described’ the
particle size distribution of 'loess‘and loess-like sediments’ in terms
of narrow ranges of total silt content, steepness of cumulative
frequency curve, inhomogeneity coefficient, sorting coefficient, ratio
of coarse to fine silt, medium grain size diameter and coefficient of ™
micro-aggregation. Narrow limits have proved difficult to apply, :
however, because of the variability of loess from region-“to region., This
has ‘led Smalley and Vita<Finzi(1968) to propose a broad definition
that " Loess is a clastic deposit which consists‘predominaAhdg'of ST
quartz particles 20-50um:in diameter and which occurs as wind-laid
sheets " . Their reference to quartz is unwise however, because
Argentinian loess is composed of up to 60% volcanic glass shards
(Teruggi, 1957) and New Zealand loess’'has at -least as much feldspar-
present as quartz (Raeside, 1964).

-+ -Most unweathered loess deposits have a significant content of
carbonates, and\thislhas consequently been given an important place in
some definitions., Indeed in the process of 'loessificationt described
by Russell1(1944), and Berg(1964), the accumulation of carbonates was
emﬁHaSized as one of the key properties of loess. However, in parts

of the world where carbonate bedrock is rare, such as South Island,
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New.Zealand and Nebraska, U.S.A., the loess-is- virtually non-
calcareous (Raeside, 19643 Lugn, 1962); workers in these areas
therefore, have not considered the carbonate content important. Some
carbonates may be-added to loess by capilliary movement of saturated
groundwater (Smalley,1971), but the occurrence of calcareous loess °
containing derived Chalk foraminifera on non-calcareous bediock,in
south-east:England.shows that at least some of the carbonate is.wind
blown and detrital (Catt et al., 1974). S R

The -lack’ of -stratification in loess deposits is probably.due
to slow rates of accumulation, each addition being an extremely thin
layer. (Embleton and King, 1975). Ives(1973) measured rates of lem in
in 144-455 years for loess accumulating today in the Canterbury Plains
region of New Zealand, and Pecsi(1972) has estimated that typical. .. -
Hungarian-Pleistocene loess was deposited at.a rate of 1lOcm per
100 years. = ‘ oo . S TIPS : . B

The very higa porosity of loess (40-65%) is probably also due to.slow

aeolian deposifion which results in,a loose packing of: the silt grains,
Electron microscopical studies have shown that the grains are often
propped apart by clay bridges (Fookes and Best,1969), which means that
rapid collapse and reductions in volume can-occur on-saturation.under
load. The adequate drainage of loess used as a foundation material is
therefore very important (Krinitzsky and Turnbull, 1967). 1In sections
and cliffs loess characteristically maintains steep vertical faces, . -
which.is unusual -in a friable sediment. - This is due to the cohesion -
be£ween particles.when dry, and the common presence of vertical. sub-
columnar jointing that is probably caused by internal. expansion and
contraction: (Smalley,-1966).

While deposits with all the characteristics of- typical loess
described above and defined by Russell (1944) are present in southern
England, deposits which have lost many of these features due to

weathering, soil formation and reworking are much more extensive (Catt,

1978). These loess-like and loess-derived deposits need to be
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classified in terms of their distribution, mode of deposition,
physical characteristics and chronology. Unfortunately, a workable
classification has yet to be achieved, although the INQUA Loess
Commission has begun by giving preliminary definitions to loess=
related_sgdiments for the Loess Map of Europe (Fink,1976; Catt,1977).
Consequently, some British workers have preferredkto "group under the
single heading 'loess' all the deposits in Britain that could be
shown from laboratory and other studies to contain a moderate or large
amount of silt (4-94), the presence of which reflected an aeolian
phase at or towards the end of the transportational history of the
sediment" (Catt_gﬁ_g}:,1974, p.37). Thfs approach is diametrically
opposite to that of Russell(1944) as it is a genetic definition and,
apart from a moderate‘silt’content, makes no statement of ‘the physical
propertigs of the material.. Such a broad use of -the term loess-has been
criticised. Leach (in Catt et al,1974) thought it would be less
confusing if the German terms used by the INQUA Loess Commission were
applied to British deposits, Catt‘g§L§l3(1974) answered ,that these terms
were as inadequately defined as loess itself and their use would
ultimately lead to further ambiguity.. In a. similar vein, Lill and
Smalley(1978) thought that the term loess should only be-applied to. .
deposits whose 'physical appsarance' was similar to that of the classic
loess deposits,.of Western Europe. They felt that the thin British loess
deposits were often 'so meagre.as to make it difficult to decide whether
they are silty drift or if.enough.loess parameters apply to allow them
to be called loess" (Lill and.Smalley, 1978, p.64)., . This view
contradicts Smalley's.earlier definition of loess (Smalley and Vita-
Finzi, 1968) which, in common with that of Catt et al,(1974), emphasises
only that the d;posit should be aeolian‘yithra predominence of silt
particles. . “'l ‘ B

Because qf ;he inapplipab#lity of Russells(l§44) rigid 

definition of loess to British deposits, a broad definition of the term
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consistent with that of Catt et al,(1974) will be used in this’
thesis. However, whenever possible, suggestions will be made as to
how the sediments relate to the INQUA Loess Commission definitions

(Fink,1976). These are listed in Table 3:1.

Table 3:1 Definition of the mapping units for the INQUA Loess
Commission Loess Map of Europe (after Fink,1976)

1) LOESS. Sediment with an unequivocal dominance of grains -
in the. 0.06-0.02mm.fractiofcoarse silt); usually
unstratified; carbonaticjy has well developed distinct
capilliary joints; dry colour is generally yellow -to
. brownish.yellow (10YR 6=7/3=4, sometimes also near 2.5)
Synonyms: Typischer 1¥ss (typical loess),_aeolischer‘

13ss (aeolian loess), flugldss (wind-blown loess)s

2) Sandy loess, Sediment with a miﬁture of grains in the fractions
0.06-0.02mm (coarse silt) and 0.5-0.2mm (medium sand);
the shape of the particle size distribution curve often
shows a large peak in the coarse silt fraction and a
smaller peak in the medium sand fraction (=bimodal-
sandy loess); however, there is sometimes an.eqpél
distribution of particles in the coarse silt, fine sand.
and medium sand fractions (=unimodal sandy loess); can
be stratified or unstratified; carbonate.content
negiigible or carboﬁate frees hgs coarser pores than
loess; colour_similar to loess.'

Synonyms: Flottsand, lossiger §and‘(loess—sand),'

sandiger 16ss (sandy loess). .

3) Clayey loess, Sediment with an unequivocal dominance -of grains

in the 0.06=0,02mm fraction (coarse silt) and
containing more than 25%=30% in the. fraction < 0,002mm

(clay); usually unstratified; moderately well formed
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caﬁillléry joinfs; carbonate content and colour similar

AR N - A R

to loéss,,

Synonyms: Toniger 16ss (clayey loess), ‘tonreicher

.

16ss (clay-rich loess)

4) Derasion loess., Sediment with'an uncquiyocalucominance of grains in
the 0-66-0,02mm fraction (coarse silt); has

-~ - gtratification formed during weak sloneVnoyements;
carbonatic; distinct capilliarylsoints; dry‘colonn is
generally yellow to brownish yellow (10YR 6~7/3-4).
Synonyms:~ Gehangloss, hangloss (slope’ loess), loess

P

1ité (stratified loess).

5) Brown loess. Sediment w1th an unequivocal dominance of grains

in the 0. 06-0 02mm fraction (coarse silt), generally
has a higher clay content than loess; carbonate free;
usually has a laminatedhand platy structure; weak
capilliary jolnting; dry colour is generally”brown to
brownish yellow (IOYR 6-7/4-8) '

Synonyms. Losslehm (loess loam), schwemmloss (alluvial
loess), deluyial loss (flood loess), gehangloss, o

barnafold, limon 1ité (stratified loam), limon 3 doublets,

limon fendillé (cracked loess).

6) Loess derivates free of coarse material. In summary, this term

is used for material that is predominately aeolian but
has been altered by secondary pedogenetic and diagenetic
processes; in general, it has a higher clay content

than the original material, which was loess, brown loess
or clayey loess, but not sandy loess; sometimes has
secondary enrichment of carbonate but is usually
caroonate free; compact deposit frequently with
prismatic and/or blocky structure; always darker than

loess, often strongly and variably mottled brown or
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streaked blackish due to pedogenetic influences,
S&nonyms: Staublehm (dust loam), decklehm (cover loam)
gleyloss (gleyed loess), semipedolithe und pedolithe
nit 15ss material (pedoliths and semi-pedoliths of
rlsess), lsssartige sédiﬁénte, lassaﬁnliche gesteiné

(loess-like sediments).

7) Loess derivates containing coarse materials, In summary,

this term is used for material thgt is predominately
#aeolign but has undergone secopdary‘transportatiop
: bzlvarious processes gnq is enriched with coarse
. material from underlying gpcks;v‘is always ficher in
sand and stones than original materialj variable
carbonate content, freéuently chalk-free;rlgginated
~or platy structurg; colourkusua1ly darke:ﬂfhaqzloess
or brown loess, ) ' ‘ ;b L
Synonyms: Kryqﬁurbationlasg (cryotu:bag;on loess),
solifluctionldss (solifluctionv}oess), flussloss,
16ss flieégerde‘(gelifluction loess), bergléss,

. gobirgloss (mountain loess), steinloss (stony loess).
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3,4 Loess in Britain

3.4,1 Distribution , e

In-situ, unweathered, calcareous loess is present locally'in:
south-east England ‘mainly in north'Kent and West Sussex. The best known
"of these deposits is at Pegwell:Bay, Kent where Pitcher et 21(1954)
described. material that:satisfied the strict definition of Russell(l944).
In common with Zeuner(1955), they found that it had strong mineralogical
affinities with the underlying Thanet Beds and was therefore partly - '
locally derived.  -However, Weir g&_gl(1971) re-examined the mineralogy **
and suggested 80-90% of the loess had a 'distant windblown origin. ~Fookes
and Best(1969) demonstrated that it had similar collapse and-subsidence
properties to loess'from other parts of the world. S T

Most British loess deposits have been' reworked and/or weathered)
foim:part or the whole of soil:profiles and are often not distinguishable
from underlying deposits on field evidence alone.’ For example, Perrin(1956)
studieé .thin 'Chalk Heath'-soils which were once thought'to‘have‘fdrmed
by weathering of the underlying Chalk.: He found that their .texture ~* ',
compared well with known loess, but was completely different-from the
acid insoluble residue of:the Chalk.” The '‘mineral assemblage:>found in
the soils was also far too rich to be derived from the Chalk and
indicated a source 'in Pleistocene deposits. Similar techniques have
subsequently been used to recognise as loess"the thin silty soil ™ -
horizons . that are almost ubiquitous over'the Chalk and Clay-with-flints
in the Chilterns (Avery'gjifgk, 1959, 1969, 1972), the South Downs
(Hodgson et al, 1967), Yorkshire (Catt et al, 1974), Wiltshire (Cope, 1977)
and: elsewhere. Thin loess also commonly overlies. Carboniferous Limestone
deposits, for example, in‘Derbyéhire (Pigott,1962), Somerset (Findlay,1965),
Yorkshire (Bullock,1971) and Westmoreland (Furness and King,~1972).° The
occurrence of loess over other types of deposit is.less predictable,  but
it has nevertheless been recognised over an extremely wide variety of
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substrata. For example, it is often < 1m thick over Pleistocene sands

and. gravels in West. Sussex (Hodgson,1967), Essex (Gruhn et al.,1974),

Kent (Fordham and' Green,1980) and Norfolk (Corbett,l977);’ In Devon

and Cornwall it has been found over.Serpentine (Coombe et al.,1956),

granite, .gabbro, schists, slates (Catt and Staines,.1983), = ..
limestone, Upper Greensand, gravels, Plateau Drift,‘B11dieigh Salterton
Pebble .Beds and head (Harrod et al.,1973). In the London Basin and
the Weald .thin loess is found sporadically over pre-Pleistocene deposits
such as. the Blackheath Beds and London .Clay (Burnham and McRae, 1974). and
Hastings Beds (Bagenal and Furnéaux,1949). - Although most loess in
northern England is associated with limestone outcrops, it has been
reported on the Bunter Sandstone in.Nottinghamshire (Robson and George, .
1971) -and on Basic Igneous rocks in Derbyshire (Johnson,1971). Loess
is fairly rare over Pleistocene :glacial tills, but has been found on
the Chalky Boulder Clay in Hertfordshire (Thomasson and Avery,1970) and
on the Norwich Brickearth in Norfolk (Corbett,1977)...In Wales, loess has
been found over Carboniferous Limestone in the Vale of Glamorgan (Crampton,
1972) and on head deposits near Aberystwyth (Watsen and Watson,1967).  Only
one loess deposit is known in Scotland, overl&ing fluvioglacial material
near Kinross (Galloway,1961). e L e ar
A more comprehensive review of the literature up to 1977 relating
to the distribution of loess in Britain has been made by Catt(1978).
Several new deposits have been.reported since -then, Keen(l978) mapped
thick deposits (< 5m) on the Channel Islands, mainly overlying grandioZite,
gneiss, head and raised beach sediments.. In the Wirral Peninsula,
Lee(l979) reported the :occurrence of loess up to 2m thick lying between
two. tills at Da w.pool. ' In north-east Essex, Eden(1980) confirmed that -
a coverloam overlying Pleistocene sands, gravels and tills contained
loess. In the Kennet ,Valley, Chartres(1981) found ‘that loessic silt -
had been incorporated in the upper horizons of soils.formed mainly in

Pleistocene river terrace depositse.~ Vincent and Lee(1981)‘extended the
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known association of loess with Carboniferous Limestone by recording
further deposits around Morecambe Bay,

Because of the recent considerable interest in British loess, its
distribution is now known in some detail, and a provisional map has
been made (Catt,1977,1978) which may be amended as new information
published. (Fig3:1). It can be seen from the map that loess blankets
considerable areas particularly in south and south-east Epgland south of
the main glacial limits, as might be expected of a periglacial deposit.
The deposits shown in south Hampshire were not all mapped as such, but
were based on the limited mapping of brickearth by Kay(1939), Fisher(1971)
and members of the Institute of Geological Sciences, using knowledge of
the relationship between loess and underlying geology to extrapolate onto
adjoining areas (Catt, pers. comm.).

&

Despite its widespread occurrence, British loess. forms a less

.
4‘13\- .,

continuous cover thanithat in the loess areas ‘of Europe. It has often
been suggested that thisfi;{dne to Britein s‘more oceenic Pleistocene
climate, which ensured that p0331b1e source sediments remained moist and
perhaps vegetated, thus inhibitiné‘deflation (Embleton and King,l975)
Supplies of.aeolian silt may well have been less in Britain, because
deposits thicker than 2m are rarelydreported, but the complete absence of
loess from-some areas.is probably due to erosion, as an aeolian deposit
would have originally blanketed the landscape with a fairly uniform
thickness. Erosion of loess is facilitated by a wet environment because
it is so susceptible to structural breakdown on flooding. Catt (1978)
has suggested that most erosion occurred during two periods, a) the later
part of the Late Devensian and early Flandrian before the main Flandrian
forest development, and b) later in the Flandrien after anthropic forest
clearance., Loess lying on impermeable clay substrata is particularly
susceptible to erosion, and Catt(1978) speculated that much of the former
loess cover of the Weald and East Anglia could now be found in the silty

river alluvium of these regions. Burrin(1981) recently confirmed the
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Fig. 3.1 Distribution of loess in Britain (from Catt, 1978)
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loessic origin of the silty Flandrian alluvium of‘the rivers oﬁée and
‘Cuckmere which drain the Southern Weald. Loess has also been

eroded from some permeable sandy substrata, particularly in northern
England. Catt(1978) explains this in terms of sheet erosion of surface
soil affer'drainageTimped;nce caused by the eluviation of clay into
subsoil drainage channels, and by wind erosion oflloose;;clay depleted
surface horizons. The mechanics of the erosion ofktﬁe releiirely
stéble‘cléy-enriched B horizons‘which must once heﬁe eiisfed ovéf'thééé
substrata’ remains obscure. ~On the sandy heaths of Surrei; Macphail k1979)
explained the erosion of loess from interfluves underlain by sandy
Folkestone Beds as due to fluvial erosion, triggered off by forest
clearance and agricultural activity during the Bronze Age. ’

Much of the erosion of loess. was probébly'due to geliflmeiion .
Evidence for this lies in the very widespread presence of loess in
Devensian head deposits, for example im‘bevoh‘(Motiersheed,l97lj,'Wes%‘
Sussex (Hodgson,1967) and Wales (Watson and Watson,1967). The head
deposits that accumulated on slobesdand'valley bottoms have subsequently
been much eroded by Flandrian stream action. Paradoxically, the
preservation of loess over Chalk and ﬁimeséomeﬂbedrock;lpar%icﬁlarl& in
morthefn England, is probably due to fhe effects of er&oturbatioh and
gelifluction, In the Yorkshire Wolds;"head deposits‘formed dﬁring the
" Late Devensian that eonsisted of a mixture of aeolian silt and frost-
shattered chalk. During the Flandrian this head took much longer %6
decalcify than‘bure loeSS; so it was perhaps”brOtected from fluvial
erosion for much longer, due to the ‘cementation effect of the*aoundent

secondary carbonate (Catt et al,1974).

3.4.2 Source of British 1oess

Local sources have been claimed for some British loess deposits.
For example, Pigott(l962) showed that the Millstone Grit could have supplied

the heavy minerals present in the loess on the Derbyshire limestone outcrop,

69



Similarly,‘Coombemgﬁ;§1$l956)'identified possible local sources for .
the loess ‘on the Cornish serpentine. However, it has become
increasingly apparent in recent years that most British loess deposits
show a mineralogical similarity-that indicates a derivation from one
main source. Catt et al,(1971, '1974) first demonstrated. the strong.
mineralogical similarity .between the ‘loess of eastern England and the -
main Late Devensian Till of that area, later named the Skipsea Till ...
(Catt and Madgett,1978). - Knowing the strong relationship between -loess
and proglacial outwash in other parts of the world, they proposed that
the loess of ‘eastern England was derived from-the outwash deposits of
the Late Devensian glacier (which are now largely submerged in the
North‘Sea); presuming that the mineralogy.of the Till and the outwash
are similar; - Eden(1980) found supporting evidence for this-theory in
the southward fining of the coarse silt mode and of heavy minerals in loess
from Norfolk to Kent. This suggests:northerly or north-easterly winds =
bought silt from the North Sea Basin, and Eden speculated ‘that likely -
source sediments are found on Dogger Bank, Great Fisher Bank and Jutland
Bank.

The loess of many other parts of England, for instance-on the -
Chilterns (Avery it_g_]_..,,l97‘2), the Wiltshire Chalk upland (Cope,1977)
and as:far west as Devon (Harrod 33_21:,1973),*a1so has a strong
mineralogical affinity with the Skipsea Till,-indicating that silt was
blown'across‘the country from the North Sea Basin, Strong evidence for
the predominaﬁ&jj easterly wind direction that this implies has been .
found by Catt(1978) in the-gradual westward decrease in the modal silt
diameter in loess samples and the westerly increase in chlorite content,
which -he attributed to the winnowing effect of the wind,

It is unlikely, however, that all British loess deposits are- -
formed mainly of material from one source in the North Sea Basin,

particularly in view of the presence of potential source deposits in
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western Britain associated with the glaciation of the Irish Séa Basin,
A number of authors (Lee,1979; Vincent and Lee,1981; Catt and Staines,
.1982) have alluded to.the possibility that loess in the extreme west
of England could be derived from Irish Sea glacial outwash, but there -
has been no published mineralogical confirmation of this., However,
D. Case:(U.M.I.S.T.,pers.comm.) has found 'that loess on the Carboniferous
Limestone of West Wales is mineralogically comparable to the Irish Sea
Drift. - Also, Catt and Staines (.1982) have found that the loess in
Cornwall and. the Scilly Isles has a significantly different mineral
assemblage and modal silt diameter{y@\loess in eaat Devon, and is
probably-derived from a different source and direction.. Therefore it
seems likely that the western parts of England and Wales have received
loess from proglacial outwash in the Irish Sea by westerly or northerly
winds.

-Nearly all British loess deposits have a component, mainly sand but
also some silt and clay, that can be attributed to local sources (Weir gﬁ_

al,,1971; Catt et al.,1971; Avery et al.,197.2; Harrod et _al,,1973;

Chartres, 1981).. Often this material has been incorporated into thé
loess during reworking by gelifluction and fluvial action, but in some
instances deposition with the far travelled silt by the wind is likely
(Catt_gﬁ_gl.,197l). It is reasonable to suppose that local sediments
were reworked by the same periglacial winds as carried the silt,
resﬁlting in a small local aeolian component in the loess,

~ However, not all the sand in loess deposits. is locally derived.
Harrod et al., (1973) in Devon and Weir et al.,(1971) in Kent found
that a proportion of the fine sand in the loess of those areas was
mineralogically similar to the silt, and has far too rich an assemblage
to be derived from local deposits. They concluded that the silt carrying

winds also had a small saltation load of far travelled fine sand.
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3,4.3 Age of British loess

{

As the bulk of British loess seems to be derived from Late
Devensian glacial deposits, it has been proposed that the loess is
also mainly Late Devensian (Catt,1978). . Although no dateable deposits
have been found under the loess to indicate when deposition began,
overlying deposits have been dated at two sites at least. In Kent,
Kerney(l965)‘has found loess underlying pellety chalk muds of the
Older Dryas period, dated by molluscan analysis. In Yorkshire, loess=-
containing chalky head deposits are overlain by the Late Devensian
Skipsea Till which also overlies organic deposits dated to 18,500 B.P.
by radiocarbon.assay (Penny et al.,1969). Catt et al.,(1974) concluded,
therefore, that the loess was deposited in a few thousand years before
18,500 B.P., as the Late Devensian glacier advanced‘over the No?th
Sea floor. Elsewhere in B:itain,.the incprporgﬁion‘of_loess in head and
other periglacial deposits also suggests deposition during or immediately
before the severe periglacial conditions that preceded the Late Devensian
glacial maximum of approximately 18,500, B.P.

In . north=west Belgiﬁm and north east France, the parts ofLEurope )
nearest the English loess deposits in Kent, Pleniglacial B (late
‘Devensian) loess is also widespread and often overlies pre-wurmﬁpre-
Devensian) Pleistocene deposits (Paepe and Vanhoorne,1967). However,
in Normandy (the.part of continental Europe nearest south Hgmpshire),"
and in other parts of Europe, there are three separate loesses
attributable to ‘the Weichselian .(Devensian) period, the uppermost Of'~',
which is Late Devensian (Coutard et al.,1970; Juvigné,1978). Only one
loess deposit in England has been attributed to an earlier Devensian
period,..that by Swanson(1968) in south Hampshire, so one problem in the
correlation of continental loess stratigraphy with that of Britain is to
explain the virtual absence of PleniglacialfA(Middle Devensian) and Early

Glacial (Early Devensian) loess. In Belgium, the two early Vistulian
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(Devensian) loesses were also derived from glacial outwash on the

North Sea floor and have a very similar heavy mineralogy to the Vistule
3 (Late Devensian) loess (Juvigné,1978). . It seems unlikely that
aeolian silt.was'not deposited in southern England duringﬂtbeﬁearlier
Devensian cold periods as the same sources‘and»wind directions were
probably present as in the Late Devensian, .The most likely |
explanation for its apparent absence is that it has been remoted by
erosion before the Late Devensian. Even if some has survived it is
likely to have been incorporated in head and other deposits, and

might be difficult to recognise becauserof mineralogical‘similarity

£

to late Devensian loess.

ey - e,
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Isolated deposits of pre-Devensian\loess have been reported

Tl

in southern England at Northfleet Kent (Burchell 1935, 1954),

A-l ﬂs 1 B ”v‘i

Bobbitshole near Ipswich, Suffolk (west 1958), Barham, Suffolk (Rose
and Allen, 1977) and at Red Barns near Porchester,‘Hampshire (Avery
et al., l982). The‘Northfleet and Red Barns loesses are'likely to
be WOlstonian because they occur between Ipswichian and Hoxnian 7
deposits and contain Lower Palaeolithic artefacts (Avery et al., 1982).
The loess at Barham and elsewhere 1n Suffolk underlies the Anglian
%Lowestoft Till and is likely also.to be Anglian in age'(Rose and
Allen, 1977). o

Lill and Smalley (1978) suggested that pre-Deven31an inter-
vglacial loess deposits are present in England, most notably in the Thames
Valley (Kennard, 1944) and at Warren House Gill Co. Durham (Trechmann,
1919). However, Catt(1979h)reviewed the literature relevant to these
deposits and concluded that those in the Thames Yalley are probably
not aeolian, and that the loess in'Co. Durham isvlikely to be late
Devensian becausemit is buried by Late Devensian till in a similar way
to the loess in Yorkshire (Catt et al.,1974).

The;pre-Devensian loess deposits of Britain have probably been

eroded by the same mechanisms as have affected the Late Devensian loess,
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but over a longer period., This probably accounts for the rarity
of deposits, but more will undoubtedly be recognised as their

mineralogical characteristics become better known,

3.4.4 Relationship between Late Devensian loess and coversands.

Devensian aeolian sand deposits are quite .common in England,- -
though many are associated with a later phase of aeolian activity
than that which deposited the Late Devensian loess, The Shirdley
Hill Sand of Lancashire (Wilson et al,, 1981) a.nd'the‘ coversands of
Lincolnshire (Strgw,1963) and‘fhé Vale of York (Mathews,1970) were
deposited e, 10,000 year;?b.p. (Late Devensian Zone' 111) and‘Sélong‘
to the later phase. 1In Nd}folk, Suffolk, Essex ;nd elsewhere, Howéver,
aeolian sands occur in close association wifh Late Devensian loess,
though their precise age is not known. Perrin and co-workers (1974)
showed that southern éng eastern Egglaﬁd could be divided into aeolian
provinces according to the preéenée in topsoil samples of aeolian silt,
sand or sand/silt mixtures (Fig 3:2). They suggested thathwhefé
sand/silt mixtures occur, the sand arrived“fii;tiéﬂd has a maximum
age of 19,500 * 650 years bf?’ They found no sites where the silt
was involved in periglacial structures and suggested that it therefore
post-dated the last phase- of -intense ‘periglacial-activity (Zone 11 of
the Late Devensian, ¢ 10,000 years b.p.?). This age contradicts the
views of Catt et al,, (1971,1974), who attributed the silt content of
the mixed sand/siltugovqyloams of Norfolk to the'Late Devensian on
mineralogical and stratigraphiéal evidehée;“ Eﬁén(l986) also found
that the mineralogical evidence 1nd1cated that the silt in the
coverloams of Essex was Late Devensian. » Furthermore, he found no
evidence for a stillstand in aeolian activity between the deposition of
the silt and the underlying aeolian sand and thought that the sand was
therefore Late Devensian as well, However, he regarded the origin of

loess outcropping on the cliffs at Walton on-the=Naze as different
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Fig. 3.2 Late Pleistocene aeolian provinces in eastern
and southern England (from Perrin et al. 1974)
silt, 2 =s=ilt and sand, 3 sand,

Key: 1

silt and sand, 5 silt.
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because it is not involved in périgiécial structures; he suggested

it may be contemporaneousiwith the Late Pleistocene silt of Perrin

et al,,(1974) and Cover Loam TI of Belgium (Paepe and Vanhoorne,1967),

In contrast, Hails and White (1970) described a variety of periglacial

features at the Naze, and the loess was seen to fill ice wedges,

indicative of mean annual temperatures lower than - 6°C, (Péymé;l966)1
The study area in south Hampshire falls entirely within

province 1 of Perrin et al., where they claim the great majority “of

soils should only have had additions of aeolian silt., However,~

they found a few soils in this province with secondary peaks in the

sand fraction, and suggested that aeolian -sand may have been deposited

locally. The well known aeolian silty sands of Somerset (Palmer,1934;

Findlay,1965) -fall within province 1, and Gilbertson and Hawkins(19782)

have shown that they are Devensian.
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- , CHAPTER 4

aw " GENERAL FIELD SURVEY °

P

4.1 Introduction

Tﬁis chapté; p;eéenis\%he feéulfé of Qork done iﬂ %he‘stud&
ar;é whichsaimed to,deteimine theVéistributgon, chara;teristigs ;nd
fieid felafionships of th;w%rickearth. ‘h cbnsiderabléwprogramme ofv
fiéldwérk was requiréd bééaﬁse, as sho;n in Chapter 2; brevious wérk’
has not adeqﬁﬁtel& descfiﬁed thése aspects of the brickearth. Two
specifié aims of the sﬁrvéy were as follows: i) hap the briékearth
and déscribé its variability; pérticulafly ﬁi%h réspeét to léndécape
facets such as the terrace levels (Evérérd,l95&); 2) sample the

brickearth for laboratory énaiysis at a iargé number of points chosen

froﬁ fhe mapping progrémme.‘

- 1S PR I . 5 LY

4.2 Mapping of the Brickearth

4.2.1 Methods

As lack of time precluded detailed .surveying of the.whole‘study‘.w
area, it was decided to make an intensive ground survey of a part that
contains the full range of landscape facets present over the whole area,
and use_the knowledge gained to estimate the.distribution of brickearth
in adjoining areas. The part chosen was the .triangle of land between
Highcliffe (SZ215931),‘St,‘Lebnard's(Grangg (52417982) and North
Charford (SU198196). The full range of terraces (5 to 128m) is ..
present and the solid geology includes Headon, Barton, Bagshot.and
Bracklesham Beds. The,southern:part forms the agricultural, coastal
fringe of the New Forest District and the northern part consists mainly
of heathland, or woodland plantation. ‘ ' S

.. . The chosen scale of field maps was 1:25,000, a common scale for
soil maps when publication will be at 1:50,000 or 1:63,360 (Clayden,
1971; Findlay,1976). Free survey practice was adopted (Burrough et al.,

1971). The true useful scale of a map.depends on the density of-
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observations made~to compile it.  Burrough et al-(op.cit.) suggested
that a published soil map ought to have about 5 observations/cm2 for
optimum presentation-of detail, this requires an average of 10 -
observations/km2 in"field survey for presentation at 1:50,000. . In -
this study,;during the initial stages-of the survey on a 'new!. landform
unit, the denSity‘of’obéervation'was high, about 25-35/km2; ° later this
dropped to’5-15/km2 as’the relationship between brickearth, landforms
and vegetation became' better. known, A

Observations were made with a 90 x 3cm screw auger.- A 122 x 1Ocm
bucket auger or a 5cm diameter extending Dutch auger were used where - -
information was required-below 90cm depth, Use. was also made of
exposures on cliffs, ditches and gravel pits, and these proved valuable
in assessing the lateral variability of the brickearth.

The minimum thickness of brickearth mapped was 20cm, as it was
found that lesser thicknesses had a very.patchy‘distribution that was
difficult to map accurately. In Yorkshire and elsewhere in Britain
the minimum thickness of loess that has been mapped is 30cm (Catt‘gilgl.,
1974;Cat§,;978),,and for Europe the INQUA loess map shows a minimum
cover of 40cm over at least 25% of any one area (Fink,1976).‘ However,
from the agricultural viewpoint it is desirable to map the thinng§t
detectable loessic drift as even a very thin,cover can‘make considerable
improvements in soil fertility (Catt,1978).

. In parts of the study area mapping was aided by air-photograph
interpretation. = It was hoped that soil boundaries found by detailed
ground survey could be related to tonal contrasts on the air-photographs,
and then extrapolated into adjacent‘areas. _In southern Epngland tonal
variations on monochrome air photographs indicate colour changes in the
bare soil surface, crop patterns related to soil moisture status, or
variations in,semi-natural vegetation (Evans,1972). Ploughed soil
surfaces.are usually seen in March or April and crop patterns in July

when the soil moisture deficit is at a maximum (Evans,1975). Thus the
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timing of photography is critical for detecting soil patterns.

R. Evans (Soil Survey of England and Wales, pers. comm.)
studied air photographs of the area and observed relict periglacial
features in the subsoil and semi~natural vegetation variations, It
was.fherefore decided to examine air-bhbtos that had been flown in
summer. Unfortunately, none were taken during the extremely dry
summers of 1975 and 1976, 0f those taken in other sumﬁers, the 1971
coverage at a scale of 1:10,000 was the most complete; it was
flown by BKS Survey Ltd., for Hampshire County Council during May,
July and September. Financial constraints dictated that coverage for
only part of the mapping area could be obtainéd, and this is shown

in Figo 4.1,

4.2.,2 Distribution and Stratigraphy

As the mapping progressed, it became clear that the single
mapping class 'brickearth' was inadequate and could be divided into
at least two subclasses based on stratigraphical, .l1ithological and
pedologicalsdistinctions. 1) The upper brickear;h is ;-siit loam,
sandy silt loam or sandy loam and has a brownish (hues 10YR -7.5 YR)
colouration throughout, suggesting soil formation in the Late
Devensian and Flandrian periods.only (Catt,1979a), 2) The lower
brickearth is more variable in texture, but usually has a higher clay
content and always a higher clay: silt ratio., It usually has a
strong brown or reddish (hues 7.5 YR or redder) colouration and often
has greyish streaks associated with pores, root channels and fissures.,
It often contains reddish mottles (hues SYR or redder), and shows all
other field characteristics of paleo-argillic B horizons as defined by
Avery(1980), implying it was subjected to Ipswichian and/or earlier
soil formation processes,

\

The lower brickearth is nearly always overlain by upper

brickearth but the latter is more extensive and often directly overlies
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Pig. 4.1 Extent of -air-photograph _coverage.
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gr379§5'~ The two classes are distinguished on the brickearth
distribﬁtion map, Fig.4.2. (inside back cover).

The two brickearths have a far wider distribution than the
brickearth shown on maps of the I.G.S. or other authors., As noted by
Keen(1980) and other workers, the brickearths distribution is closely
related to that of the Plateau Gravel; nearly every terrace fragment
has at least a partial cover of brickearth., Notable exceptions are
the very small, much eroded terrace fragments around Lyndhurst (SU300080),
and the slightly larger terrace fragments at Matley Heath (SU325075) and
Denny Lodge (SU360065), though thin (< 20cm) patchy mantles were recorded
on some of these. The inter-terrace bluffs of the area are covered
in gravel that has been redistributed by gelifluction, and these too
are usually mantled by brickearth., The Valley Gravels mapped by the
I.G.S. north and west of Brockenhurst (SU295035) are also brickearth-
covered. Although outwith the mapping area, the Valley Gravels of
the Avon terraces were noted to have a brickearth cover near
Godwinscroft (5z183963) and Hinton (S2189944), and it is likely that
brickearth is widespread over gravels throughout the,lower Avon valley.

This study confirms the tendency, noted by several authors, for
the brickearth to be more widely distributed in the south of the New
Forest. It is unlikely, however, that this is due to preferential
deposition of the brickearth in the south. A simpler explanation is
that the brickearth is less eroded in the south. This is because the
gravel terraces there are younger, less dissected and consequently more
extensive, These flat well-drained terraces provide stable sites for
the brickearth, in contrast to the strongly dissected northern New
Forest.

It was anticipated that some brickearth would occur on Tertiary
strata., Only one site was found? however, on Balmer Lawn (SU319935)
where a thin (20-40cm) layer of flinty upper brickearth overlies Headon

Bedse It is possible that other such sites exist, but in general
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brickearth is absent from the Tertiary strata, This is probably
because the Tertiary outcrops of the New Forest are subject to great
erosion because of high water tables and the juxtaposition of un-
consolidated permeable and impermeable strata.

E.C. Freshney recently remapped the Southampton Sheet (Nd.}iS)
for the I.G.S. and confirmed (pers.comm,) that no brickearth was found
over Tertiary beds, He observed that Barton Sand outcrops are
partiaularly unstable and liable to mudflow erosion when saturated
after heavy rain. Tuckfield (1963,1973,1974) described a variety of
erosional forms and procesées active today'on the Tertiary outcrops,
inecluding seepégé steps, gully erosion and landslips. These pfScesses
would have been even more active during the{wetter phases of the Late
Devensian and Flandrian and probably led to the destruction of the
brickearth cover.

The upper and lower Brickearths both thin towards the edge of -
terrace fragments, though the lower brickearth usually feathers-out
first, For example, on the northern edge of Beaulieu Heath west
(SU363017) the upper brickearth occurs to within 100-200m of the break
of slope that marks the terrace fragment edge, whereas the lower
brickearth is generally absent within 400-500m of the edge (Fig 4.2 ).
This relationshib suggests that erosion between deposiﬁion of the tﬁs
brickearths was greater than the erosion of the upper brickearth., On
smaller frggments that are more readily eroded, the lower brickearth
has often been almost completely removed and is present only as thin
patches or pockets that are too small to map. - On terraces below 80m
0.D., dissection has been greater in the area west of the Lymington
River than to the east, where, as a result, the lower brickearth is
more “extensive.,- On the broad 46m terrace fragment at Beaulieu Heath
(SU345015), for example, the lower brickearth is well preserved, but at

the same level at Barton (S2235930) it is almost completely absent. It

was previously widespread on the western terrace fragments, because it
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occurs within involutions in upper parts of the terrace gravel, as on
Hordle Cliff (S7269921; Section 5.2.12). This association with
pefiglacial disturbances suggests that much of the erosion of the lower
brickearth could have been by gelifluction,

Some of the brickearth eroded from terrace surfaces can still
be found in the valleys incised into the terraces. Above the Tertiary
deposits in many valleys there is usually a layer of geliflucted gravel,
and slope deposits derived from the brickearth frequently overlie this.
For example, at Broadley Farm (SZ254983) the lower slopes of the
Danestreag Valley are mantled to 90cm depth with a poorly sorted mixture
of bfickearth and flints from the gravel. The reddish colour and
clayey téxture of this deposit suggests it is derived largely from
lower brickearth. Weakly stratified colluvium derived from upper bricke—
earth is present over gelif;ucted gravel in some valleys, particularly
in the south-western part of the mapped érea. In the Daneétream valley
south of Ashley Bridge (S2265938) this deposit mantles almost all
slopes to a depth of up to 90cm. Similar deposits are‘particularly
well represented in the valléys incised into the 56m terrace near
Wilverly Plain (SU255015) and have been mapped and studied in some
detail (Section 5.2.14). Elsewhere, slope deposits were not mapped
because the locating of their boundaries prbved to be very unpredictable

and therefore excessively time consuming,

4.2.3 Sampling of the upper brickearth

As‘the upper brickearth forms a very widespread cover over the
gravel terraces\pf,the area it was sampledwx(mainly for laboratory
analysis) at many points to assess its variability. Grid sampling
was avoided in case it mirrored periodicity in the landscape (such as
the succession of terraces). Instead, a stratified random po;nt
sampling plan was chosen (Webster,1977). Random number tables (Fisher

and Yates,l963) were used to provide a series of six~figure 0,.S. grid
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references; over-clustering. of points was avoided by imposing a
limit of one sample point per kilometre grid square. This method has
the advantage over simple random sampling of requiring fewer sample
points to achieve a given standard error and has similar precision to
systematic sampling (Webster,1977).

The location of the sample points is shown in Fig 4.3 ¢« The
information recorded at each site was as follows: slope angle;
vegetation;‘depth, colour and tgxtyre of the major soil horizons. Bulk

samples for laboratory analysis were taken at 20cm from the surface.

4.2.4 The value of azr-photograph interpretation

The air-photographs proved to be quite helpful in mapping the
brickearth, The relationships found between the brickearth distribution
and features seen on the air-photos are as follows:=

1. Strong soil/vegetation relationships were observed in areas
of thé New Forest with semi-natural vegetation. On well drained sites

where 2 20cm of upper brickearth overlies grave-l, gorse (Ulex europceus )

and/or bracken (Pteridium aquilinumb are often prolific with a ground

cover of grasses.(Aggostislspp.). In contrast, the very acid soils

developed in gravel usually support heather (Calluna vulgaris; Erica spp.)
Simiiar"ielationships have been noted by Fisher(1975). Fig 4.4 is an
air-photograph of the Holmsley Ridge area (éhoto centre approxi mately
SU2090lé) showing the terrace edge delineated by tonal contrasts between
theAféryVAark,éfay of C.vuléaris on the terrace surface and the lighter

greys of Molinia caerulea growing on poorly drained head on the slopes.

In the terrace centre the very light grey patch represents Pteridium
guilinum which ground checks showed to demarcate the distribution of
uppér brickearth §ery accurately{ To the north the outlined light grey
patches represent bracken giowing on upper brickearth colluvium,
Thistechnique must be used with frequent ground-checks or else

misleading results may be obtained, For example, the distribution of
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Fig. 4.3 Tocation of stratified random samples.
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______terrace edge

upper brickearth

Fig. 4.4 Soil mapping interpretation of an air-photograph of the area

—

around Holms¥%y Ridge (SU209012)
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gorse is also related to sites of former cultivation and other
disturbances where gravel soils have been improved by bringing
nutrients to the surface (Jones and Tubbs, 1963; Tubbs and Jones, 1964).
Also, C. vulgaris often succeeds burning of gorse on brickearth soils
and this may appear on air-photos. In both of these examples the
brickearth soils may be indistinguishable from gravels on the air-
phgtos. Another interpretation problem is that a damp heath vegetation
usually grows on soils with a thick, continuous lower brickearth horizon,
probably because the lower brickearth impedes drainage and prEQents
growth of gorse or bracken. On air-photographs this damp heath
produces a very dark grey tone that is difficult to separate from the
tone of dry heath on gravel soils.

2. 7 The second type of feature on air-photographs that
helped with mapping waé crop patterns resulting from variations in
soil moisture deficit (Evans,1972). They 'are’common where loamy
drift overlies freely drained gravel., In typical British summer conditions
the growth of crops is restricted when the depth of the loamy material
falls below about 1.2m'(Evan§; pers, comm), If regular variations in
the dépth of loamy material occur, as with subsoils containimg
periglacial stone or wedge polygons and stripes, the‘patiern of the
features is reflected in crop growth. The identification of such
features on air-photographs of gravel terraces reveals that loamy
material exists over the gravel and that its average thickness is less
than l.2m , (

Figure 4.5 is an aif-photograph of the area surrounding
Wilverly Plain (}hotograph_cent:e“appro;. SU260914).i Thq three large
1light grey patches are the Wilverly Plain, Longslade Bottom and Yew
Tree Bottom 'lawns’'. ‘Thése are‘ﬁnenélosed;pasture sown to grass between
1948 and 1950 as.bart of thé Néﬁ'Foresénfaétdral Development Scheme
(Browning, 1951). On each of the lawns a pseudomorph pol&gonal pattern

can be seen on the flatter areas passing 1nto’stfibes on the slopes,

where the pattern is clearer because the brickearth is thinner.
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upper brickearth

_______ upper brickearth colluvium

Fig. 4.5 ©Soil mapping interpretation of an air-photograph of the area
around Wilverly Plain (SU260014).
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Similar patterns are visible on-all terraces with cultivated
soils between 5 and 56m (there is no cultivation on the higher terraces).
The patterns show up best near the edge of terrace fragmenté where the
brickearth thins to less than 1.2m, Boundaries were placed where the
pattemdisappeared near terrace edges (due to feathering out of ‘the”
brickearth), and adjusted after ground checks. On Fig 4.5 the solid
line represents the edge of the upper brickearth on the terrace surface
and the dashed line the extent of colluvium derived from upper brickearth
on the slopes. The latter boundary was drawn in the adjoining areas
of semi-natural vegetation from the distribution of gorse.

'The main problem with-this mapping aid is that the patterns
do not show in all crops all the time, so an incomplete picture is -
obtained, = 'On the photographs used in this study the best pattern was
shown on the unenclosed grass leys. On the cultivated terraces the
pattern is seen better in cereals than grass., Elsewhere in England
crop patterns also show better in the cereals than grass, partly
becausé cereals display stress at soil moisture deficits of 10 = 20mm
less than grass (Jones and Evans, 1975). Why the unenclosed grass
leys show the best patterns in the study area is not clear. " On the
cultivated terraces patterns were usually only seen in fields with

cereals or grass, so intervening fields all.required'ground checks,

4.265 Ofigin of‘polygonlénd stripe featufeé.

Thé'polygons and sfripes seen on air-photograpﬁébhAQe
femarkabl&'conéisfent diménsions s tonal ééntrésts\andform*on ail
terraces, The'polygons have diameters thét vaf&&get;een‘iauand SOmi:
and rims 10 to 30m wide (though most are 10 to 15m wide). The stripes
are usually 30 to 60h wide and 10 to 20m'apart. The centres‘éf fhe'
polygons and stfipes have a lighter tone than the rims. Dark;tonéd rims

are indicative of better crop growth and suggest that there is a

greater thickness of water-retentive soil beneath (Evans and Jones,1977).
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InAmany other areas of England where loamy drift overlies
gravellterraces the polygons seen on air-photos have been shown to
reflectvrelict ice wedge polygons in the subsoil (Evans,l972).

However, the examinationjof many miles of section in the study area

has failed to‘locate a single"convincing ice-wedge. Threevice-wedges
were describedtat Higheliffe (S2215931) by Lewin(l966t0)but these are
no longer visible, presumably due to cliff erosion. From the evidence

compiled by West (1977, p317) it ‘seems unlikely that Devensian ice

-

- 2 3

wedges occur in south Hampshire, probably because the climate was never
cold enough. ~The form of the patterns ‘seen on the photographs suggests
in fact they are not ice wedges, because ice-wedge polygons retain their
shape on slopes (Embleton and King,l975) whereas the polygons in the
study area pass into stripes. | |

Another type of periglacial patterned ground that forms
polygons on level ground and stripes on slopes is caused by ice sorting
of stones, However, concentration of stones on the rims would cause
poor crop growth, so it is unlikely that the polygons in the study area
are sorted stone features.

[ad

A third p0331bility is that the patterned ground represents
trough polygons and stripes. These have previously been seen on the
chalk landscapes, particularly the Breckland of Norfolk (Williams,l965)
In section this pattern shows azwthmically undulating interface between
the topsoil'and the underlying Chalk-sand drift. The polygons and
stripes are‘thought to‘have formed by frost-heawe processes, the ridges
(polygon and stripe centres) being the zone of maximum upthrust (Corbett
1973). ' "

Undulations in the brickearth-gravel interface in the soils
of the studv area have previously been reported at Efford Erperimental
Station (sz30393:/) (Soil Syrvey Internal Report,1962). On Wilverly

Plain (Fig 4.5) augering at frequent intervals along several transects
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revealed regular variations in the depth oft brickearth over gravel
(Fig 4.6). Most auger borings showed 50-75cm of upper brickearth
lying directly on gravel, but in about 20% of borings the upper bricke
earth was thicker and sometimes overlay lower brickearth to a total depth
of up to 100cm, This suggests that there may be depressions in the
gravel surface filled with lower brickearth and/or upper brickeéfth.w_
Pockets of lower brickearth lying in shallow depressions in the ‘gravel
surface have been noted above (section 4.2.2), and the one at Hordle Cliff
is deséribed in section 5.2.12, A possible origin of these depressions
is illustrated in Fig 4.7. In Longslade Bottom (Fig 4.5) where the air
photographs show stripe features on the slopes, detailed augering has
revealed that in about 20% of borings the colluvium derived from ﬁpper
brickearth overlies Barton Sand rather than gravels (Fig 5.11, point 9).
Possibly the stripes on air-photographs reflect lobes of geliflucted
gravel separated by gravel free zones where plant roots can obtain more
moisture from the Barton Sand.

Thus the patterned ground could be associated with aibsoil
trough features, although, as far as is known, such features have
never been reported before on gravel terraces. Its correlation with
trough polygons and stripes on the Chalk is problematical because the
diameter of the Chalk polygons are much smaller (average 10m; Evans,1972)
than those in the study area.

4,3 Field Characteristics-of the Brickearth - . : : e

o !

4.3.1 Thickness

As there is ample evidence to suggest that both the upper and
lower brickearth have suffered considerable erosion, especially near the
terrace. margins, the best estimates of their original thickness will
be obtained in the centre of large terrace fragments. On sites where
upper brickearth directly overlies gravel, the maximum thickness of the

upper brickearth varies only a little between terraces. For example,
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Fig. 4.6 Variation in soil characteristics in auger borings taken along

a transect on Wilverley Plain (SU260014)
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Fig. 4.7 Possible mode of formation of trough features




on the 56m terrace ’at Wilverly Plain (SU253003), the 46m terrace at

Mount Pleasant (S2292978), the 3lm terrace at Ashley Manor Farm (S2256940),
the 21m terrace at Barnes Farm (S2287925) and the 5m terrace at Vidle

Van Farm the range of thicknesses recorded was 75 to 120cm. On the long
cliff section between Barton on Sea (52220932) and Milford on Sea
(82288913), traversing the 46, 31 and 21lm terraces, the thickness in the
centre terrace fragments ranged from 120 to 150cm. The greafest
thickness recorded was 275cm at Bashley Manor Farm (SZ23396é) but this
was at the base of a bluff separating the 50m and 46m terraces and is
likely to include material washed or geliflucted from the 50m terrace.
The maximum thickness recorded at a terrace centre site was 230cm on the
46m terrace at Barton Cliff (SZ235930) so this is the best estimate of
the original thickness of the upper brickearth., No evidence was found
that éignificantly different amounts of upper brickearth had been
deposited on each terrace.

The upper brickearth tends to be much thinner wheré it errlies
a continuous layer of lower brickearth than where ‘it overlies“grével.
For example, on Beaulieu Heath (SU340015) its thickness rarely exceeds
35cm and on ‘the narrow high level terraces (128, 119 and 113m) it
averages only 20cm. The thinness of these deposits is almost certainly
due to erosion. The rich-clay lower brickearth tends to impede
drainage and therefore makes the overlying upper brickearth susceptible
to structural breakdown and sheet or stream erosion. As with the Late
Devensian loess cover elsewhere in England, much of the erosion could
have occurred in the wetter periods of the Flandrian (Catt,1978).

The lower brickearth has a similar maximum thickness to the
upper brickearth, but continuous thin sheets (less than 40cm) are not
common. "This is probably because it has been subject to erosion over
a much loﬁger beriod than the uppef brickearth and thosesites that are

openrtouerogion have become almost completely denuded. Thus most
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continuous sheets, for example Fritham Plain and Ocknell Plain, are
> 70cm thick. . The thickest deposits, on Beaulieu Heath (SU340015)
and at Holbury gravel pit (SU426049),aIé  100 and 180cm thick
respectively, but the latter includes two separate lower brickearth
deposits.(Section 5.2,11),

4.3.,2 Stone Content, .. r

Both the upper -and lower brickearth contain varying amounts of
mainly flint stones,.similar to thos: found in the underlying gravels.
Thick depogits.(>'90cm) of upper brickearth tend to be much less stony
than thinner ones. . Hodgson (1967) noted this in the brickearth of
West, Sussex and attributed it to greater.frost heaving in-the thinner
deposits, . -Presumably in thick deposits the lower boundary of the mobile
layer duriné summer thaws was above the gravel so there was little
deformation of the brickearth-gravel interface.

.The variations in stone-content can be seen in the cliff section
between Bgrton and Highcliffe., At Barton (52235930) the 230cm thick
section.of upper-brickearth is almost stone-free. Further west, it
thins to 30cm on the break of slope at Highcliffe Castle»(SZ2ll930)
and here the upper brickearth contains 25 to 30% flints.

Although these. stones.are likely to have been introduced by frost
heave, festoons are rarely seen in the.upper brickearth; a few are
visible at Tanners Lane (SZ365953) and at Highcliffe (SZ215931).

This is probably because the stones have been redistributed within the
upper . brickearth by cryoturbation, gelifluction or bioturbation.. The
last is especially likely.as soil fauna (mainly earthworms) -are
particularly active in Hamble, Hook and Park Gate series soils formed
in brickearth (Hodgson,1967). The fact that .the effects of frost-.
heave -are more prevalent at terrace edges where the brickearth .thins ..
demonstrates that.at least some erosion of the brickearth. occurred

before the.end of the last cold period that could have caused frost
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heave (the Loch Lomond stadialof the Late Devensian, ¢ 10,000  years b.p.)
‘Festoons are much more common in ‘the lower brickearth and are

often much larger. This suggests that the processes of stone

redistribution proposed above were much less effective in the idwer

brickearth, There is less evidencé of faunal activity (earthworms and

earthworm channels) in the lower brickearth, possibly because it is more

compact, tenaceous and acid than the upper ‘brickearth, = "

" Stone lines approximately parallel to the surface sometimes®
separate the upper and lower brickearth. These were seen clearly at’
Lepe Cliff (S2457984; Section 5.2.5) and in a roadside ditch at Ocknell
Plain (SU223099; Section 5.2.8). In the Ocknell section the stone line
is 1 o 2 stones (mainly flints) thick, though thicker (up to 6 stones)
overlie festoons that penetrate the lower brickearth. At Lepe there
are two discontinuous stone lines, one separating the upper and lower
brickearths and the other within the lower brickearth. These are’

1 to 4 and 3 to 8 stones thick respectively.’

" "’Ruhe (1958) concluded ‘that stone lines in soils most often form
as an ééb;mulation at the ground surface of lag gravel after run-off
has eéroded the finer constituents of a stony sediment. This seems a
reasonable éxﬁianation for the features described here. = The stony
lower brickearth was probably partially eroded by water on both sites
before deposition of the upper brickearth. The thickness of the stone
line is probably related to the abundance of stones in the deposit prior
to erosion. This would explain why the stone line thickens over festoons
at Ozknélland why the lines are generally thicker in the stonier lower
brickearth at Lepe.

Ball (1967) described stone lines in some soils in North Wales, -

and from their relationships to deposits above and below suggested they

originated in a periglacial environment and were formed by sheet erosion

during a seasonal thaw., He thought that stone lines could be accepted
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generally as a feature of periglacial morphology and that to be
preserved they must be buried soon after formation. If Ball's
interpretations are also true for the stone lines found at Ocknell

and Lepe,.it means that on both a high (113m) and low (5m) terrace
similar environmental conditions preceded deposition of the upper
brickearth. The .ground surface would have been a stone pavement, At
Ocknell, some stones are shattered in _situ, which is a common feature
of periglacial mechanical weathering and is evidence that the stone lines
originated in a periglacial environment. For the stone lines to have
been preserved, the upper brickearth was probably deposited soon after
their formation. .

4.3.3 Sedimentary Structures. ‘

Klthough White (1917) reported that the brickearth (he was
probably referring to upper brickearth) at Barton-on-Sea showed indistinct
laminations in places, no such features were found during the present
field study. - Indeed, wherever the upper brickearth lies on terrace
surfaces and interfluves it is completely free of fluvial sedimentary
structures.  Keen(1980) also came to this conclusion. Sedimentary
laminations are only found in colluvium derived from upper brickearth
on slopes as at Duckhole Bog (SU253017). No sedimentary structures
were found in the lower brickearth. However, on interfluve sites the
lower brickearth shows evidence of far greater pedogenetic alteration
and periglacial disturbance than the ﬁpper brickearth, and these may

well have obscured original sedimentary structures.

4.4, Conclusions,

The field survey has yielded important new information about the
distribution and characteristics of the brickearth., The brickearth has
been divided into upper and lower members; the lower brickearth has
paleoargillic characteristics,

The upper brickearth is widespread, but is confined to the
Plateau and Valley Gravel outcrops, which provide relatively flat,

stable sites. On the Tertiary outcrop, a former cover has probably
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been removed by erosion. " Erosion of the upper brickearth has also
occurred on the gravel outcrop, especially where there is an intervening
layer of lower brickearth., The field characteristics of the upper
brickearth (colour, stoniness, maximum thickness) are strikingly
uniforu: especially on terraces below 56m where thick deposits are common,
This suggests it may all have the same origin; no evidence was found‘
that the upper brickearth in its primary position is a fluvial de;osit.
The lower brickearth is al®o confined to the Plateau and Valley
Gravel outcrops, but it has been eroded more than the ugper‘brickearth,
particularly on terraces below 80m to the west of the Lymington River.
The field characteristics of the lower brickearth are more variable than
the upper brickearth, possibly resulting from the greater period of post=
depositional alteration it has undergone.
Air-photograph interpretation proved useful in mapping the
brickearth. Soil/vegetation relationships were observed on
photograbhs of the areas of the New Forest with semi-natural vegetation
and crop patterns reflecting patterned ground were seen on photographs

of the cultivated parts of the study area. The patterned ground may

retlect periglacial trough polygons and stripes in the subsoil.
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CHAPTER 5§

SITES SELECTED FOR DETAILED STUDY

5.1 Introduction

This chapter presents the field characteristics of soil profiles
developed in brickearth at sixteen sites in the study area. These
profiles were studied to provide more detailed information on the
upper and lower brickearth than was possible from the general survey.
There were two major objectives in the selection of the sites:. a) to
assess the horizontal and vertical variability of the upper brickearth
by studying some widely separated, thick profiles; b) to assess the
extent of pedological and lithological variation in the lower brickearth
by identifying a number of contrastingAprofiles.

At most sites the soil profiles were described in detail
following the method of Hodgson (1974) and where possible, they were
classified using the system of the Soil Survej’of England and Wales
(Avery,1980). Moist soil colours were determined by reference to a
Munsell Soil Colour Chart., Bag samples fo; textural and mineralogical
anglyses were normally taken from each soil horizon, and undisturbed
samples for micromorphological analyéis'were collected in 4 x 6 x 8 cm
Kubiena Frames from the most important soil horizons (Hodgson,1978). Some
horizon designations required additional information on micromorpholog&

(from Chapter 10) and particle size distribution (from Chapter g)

3
& -

5.2+ The Selected Profiles

A brief summary of site and soil characteristics is given in

table 5.1. The location of the sites is shown on Fig. 5.1.

5,2,1 Sturt Pond (52298910).

This is one of four described profiles that are developed

entirely in upper brickearth. The upper brickearth here overlies gravel
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Site

Sturt Pont

Wilverley Plain

Chilling Copse
Hook Gravel kit
Beaulieu Heath
Lepe Cliff
Thorns Farm
Tanners Lane

Ocknell Plain

Calveslease Copse

Rockford Common

Terrace Parent
Level Materisl
5m upper brickearth
56m upper brickearth
1lm upper brickearth
1lm upper brickearth
46m upper and lower
brickearth
Sm upper and lower
brickearth
5m upper and lower
brickearth
5m upper and lower
brickearth
113m upper and lower
brickearth
46m undifferentiated
brickearth
T0m undifferentiated
and lower

brickearth

TABLE 5. 1

SUMMARY OF SITE AND SOIL CHARACTERISTICS

Soil Type

typical argillic brown
earth

typical argillic gley

typical argillic brown
earth

typical argillic brown
earth

stagnogley podzol
(paleoargillic)

typical paleoargilliic
typical argillic gley
(paleoargillic)

typical argillic gley
(paleoargillic)

paleocargillic stagnogley
soil

earthy man made humus
soil (palecargillic)

Special Features

textural discontinuity at 54 cm.

textural discontinuity at 90cm

textural discontinuity at 29cm

coarse red mottles: sand in cracks in lower brickearth

rare fine red mottles; stone lines

sand=filled fissures in lower brickearth

coarse red mottles: rounded flint pebbles in lower
brickearth,

rare fine red mottles; stone line

fossil pingo? brickearth laminated

texturally similar brownish over reddish brickearth



10}

Parent
Material

Site Terrace
Level
Holbury Gravel 46m
Pit
Hordle Cliff 21m
Wootton Heath 56m

Longslade Bottom:
Profile 1

Profile 2

Serape Bottom:
Profile 3

lower brickearth

lower brickearth

lower brickearth

colluvium

colluvium

colluvium

TABLE 5.1 (Cont.)

Soil Type

typical argillic gley
(paleoargillic)

gleyic brown earth

leyic brown earth/
%buried) typical cambic
gley

(Buried) gleyic brown
earth

Special Features

two layers of lower brickearth
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of the 5m terrace, and is exposed for about 150m along an artificial

channel that drains Sturt Pond into the Solent. Although only 1-2m above

sea level, the site is sheltered from the sea behind the long spit of

Hurst Beach,

The upﬁer brickearth maintains an almost constant thickness

along the section and is covered by a variable amount of spoil, taken from

the channel, that forms a field boundary bank,

Description
7 Altitude:

* Slopes:

‘2m

level

" Vegetation and land use: grass covered field bank

¥
I

P

Horizon TDepth (cm) ne

G-

20=0 Spoil of disturbed gravel

“0=37/40 Dark greyish brown (10YR 4/2) very slightly
'* stony sandy silt loamj mainly small flint stones;
‘moderate coarse and medium’subangular blocky;

- moderately weak soil strength; slightly sticky;

moderately plastic; semi deformable; many very fine

" fibrous and few fine and medium woody roots; many

earthworm channels; clear wavy boundary

1 37/40-52/55 Dark yellowish brown (10YR 4/4) silt
- loam; stoneless; structure as above; moderately weak
‘soil strength, slightly sticky; very plastic; semi

"deformable; many very fine fibrous roots; common’

vertical earthworm channels coated with dark greyish
brown (10YR 4/2) organans; clear wavy boundary
52/55=115/120 Dark brown to brown (7.5YR 4/5) clay
loam; stoneless, strong coarse and a few medium
subangular blocky peds with common dark greyish brown

(10YR 4/2) organans; moderately firm soil strength;

103



moderately sticky; very plastic; semi-deformable;
common very fine fibrous roots; many vertical
éarthworm channels with dark greyish brown (10YR
4/2) organans; clear Qavy boundary.
115/120°'+ Plateau Gravel, *°
Discussion
The soil is a Hamble series, a typical argillic brown earth -
(Avery,1980; Fordham and Green,1980), and in most Tespécts it is
remarkably similar to Hamble soils describéd elsewhere, for example in
Kent (Green and Fordham,1973). An atypical feature of the profile is
the amount of organans covering ped faces and earthworm channels in the Eb
and Bt horizons. In West Sussex, Hodgson(1967) reported this feature
in Hamble soils under long established permanent pasture which have
relatively high organic 'mattér contents. This suggests that the profile
could have been uncultivated and at the field ‘edge for many years.

5.2.,2., Wilverly Plain (SU 253012) B x .

This second profile developed entirely in upper brickearth was:
selected as an example of the poorly drained upper brickearth soils.
It is situated on the 56m terrace which is the highest level at which =
extensive thick upper brickearth deposits occur. '~ The thickness of upper:’
brickearth is fairly constant at 50 to 100cm on Wilverly Plain,-and thin
deposits of lower brickearth sometimes lie between it and the’ gravel
(section 4.2.5) The site was enclosed from open heath and cultivated

during 1949 and 1950 but restored to permanent pasture afterwards”
(Browning,1951).

Description
Altitude: 62m

Slope: level

Vegetation: Grass sward
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LA

Horizon Depth (cm)

. Ah..

. 2Btg . .

0-33 Dark brown (10YR 3/3) very slightly stony sandy
silt loam; mainly rounded and subrounded very small
and small flint stones; weak to moderate fine and
medium subangular blocky; weak soil strength;
moderately weak ped strength; slightly sticky;
slightly plastic; semi deformable; common very fine

fibrous roots; clear smooth boundary.

33-43_Brown (10YR 4/3) to.dark brown(10YR 3/3), sandy silt

.loam with common fine prominent strong brown (7-5 IR

4/6) mottles; stones as above; weak medium subangular

blocky; very weak soil strength; slightly sticky;

. slightly plastic; semi deformable; few to common very

fine fibrous roots; few to common rounded fine ferri-

manganiferous mnodulesj. abrupt smooth boundary.

., 43-54/60 Brown (10YR 5/3) to yellowish brown (10YR

5/6) slightly stony clay loam with common fine and
medium prominent strong brown (7.5YR 5/8) mottles

with diffuse edges; mainly small:and medium subrounded
and rounded flint stones; weak to moderate medium blocky
and prismatic ; . moderately weak soil strength;
slightly sticky; moderately plastic; semi-deformable;
roots as above; gradual wavy boundary.

54/60-81_Very pale brown (10YR 7/4) slightly stony

(becoming very stony with depth) sandy clay loam with

_ very many medium and coarse prominent strong brown

(7.5YR 5/8) mottles with diffuse edges; small to large

flint stones; structureless (loose); very weak soil

strength; slightly sticky; non-plasticj semi-deformable;
very few very fine fibrous roots; sharp irregular
boundary.

81+ Plateau Gravel
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Discussion 7 - a Tt

" ' 'The"profile corresponds to soil subgroup 8.41, a typical argillic
gley soil (Avery,1980) and’is an example of the Park Gate series (Fordham
and Green,1980). Although the textural classes suggest that a clear
eluvial/illuvial relationship exists between the Eb(g) and Btg horizons,
micromorphological analysis indicated that only about 1.6% illuvial clay
was present in the Btg horizon, This is below the 2% minimum required -
by tﬁé Sdil Survey of England and Wales for designation of a Bt horizon
(Avery,l980). However, taking into account ‘the errors involved in the

microscopical estimates of illuvial clay ( M°Keague et.al.,1981) and the

¢i1lihood that a higher value would have been obtained if the thin section
was taken-'from a deeper part of the horizon, it was nevertheless decided
to give a Bt designation.

“The outstanding feature of the profile is the increase in fine
sand content with depth. This was also noted in a number of auger
borings on Wilverly Plain (4.2.5 and Fig. 46.). The increase is
especiaii& ndficeable below 54cm, so a lithological discontinuity has been
marked iﬁ the horizon description at that depth, but there was no field
evidence that the discontinuity represents a halt in deposition of the
upper brickearth corresponding to a former ground surface of significant
duration (Avery,1980, p.12). A similar increase in fihe sand content with
depth in-the upper brickearth was noted at a large number of sites on a
variety of terrace levels during the field survey, for example at Downlands
Farm (S2276972) on the 3lm terrace, Holbury Farm (SZ292975) on the 46m
terrace and at Efford Experimental Station (SZ}03937) on the 5m terrace.
This feature will be discussed further in Chapter 8.

5.2.3 Chilling Copse (SU515042) and Hook Gravel Pit (SU513053)

The upper brickearth at these sites was sampled for particle

size, mineralogical and micromorphological analyses, but the profiles were
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only described briefly because of their similarity to that at Sturt
Pond, The sites are about lkm apart on the flat, gently S.W. sloping
1lm terrace. They were sampled because their location in the extreme
S.E. of.the study-area provides an interesting comparison with sites
further: west in terms of the variability of the upper brickearth., The
reason that two profiles so close together were sampled is-<that ‘they
revealed strong textural differences, detailed below. Both sites are very
close to the location of the profiles first described as Hamble series by
Kay (1939). R S

The Chilling profile was described from a soil pit and is located
in a plot of semi-natural woodland., The Hook profile is located in the
face of a gravel pit:in soil that was formerly cultivated.

Description (Chilling Copse)

Altitude: " 13m
Slope: -~~~ - -level

-Vegetation: Pteridium_ ‘equilinium; Betula pubescens; Sambucus
nigra; Corylus avellana,

PR a Ty

Horizon Depth (cm)

L,FH  10-0
A _ 0-16 Dark brown (10YR 3/3) stoneless silt loam
Eb _ 16-30 Brown (7.5YR 4/4) stoneless silt loam
Bt . 30-90 Strong brown (7.5YR 5/6) stoneless silty clay
loam
" “2Bt 90-160 Strong brown (7.5YR 5/6) stoneless clay loam,
Discussion

The ﬁrofflercharacteristics are typical of the Hamble series.
A ;ithoiogfcal discontinuity has been marked at 90cm due to a marked
increase in fine sand content although, as in the Wilvefly'brofile, there

is no evidence that this represents a halt in brickearth deposition.

3
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Description (Hook Gravel Pit): -~

> . 'Altitude: 16m - B B
Slope - - 1° -
© Vegetation:  various grasses- -~ - cenos riom, e

‘Horizon Depth' ‘(cm) .

Ah- . - 0=29 Pale.brown (10YR 6/3,.dry) sandy silt-loam; few
i -~ small-flints, b s e ar s eriden s o
-~ 2Eb/Bt + 29-60"Light.brown (7.5YR 6/4,dry) to reddish brown ~
«x . (7.5YR 6/6, dry) sandy clay loam; stoneless.
- 2Bt 60-100 Reddish yellow (7.5YR 6/8, dry) to yellowish

red (5YR 5/8, dry) sandy clay loam becoming sandy loam
with depth; few small flints,

W

Discussion: - A s Pl o ‘ S
The profile is also a typical argillic brown earth, but it differs
from normal Hamble series in two respects. First, there is no clear
Eb horizon; the 2Eb/Bt horizon has characteristics of Eb and Bt and in
particular has a higher (illuvial?) clay content than would "be expected in
an Eb horizon. Second, ‘the colour of‘the 2Bt horizon is slightly ‘more
red than normal., The strong textural differences between the Hook Gravel
Pit and Chilling Copse profiles concerns the fine sand content., At~
Chilling the surface horizon is silt loam and there is a marked increase
in fine sand at 90cm., At Hook the surface hérizon'iéwsandy silt ioam and
a marked increase in fine sand occurs at 29cm. ’ These trends will be =
discussed further in Chapter 8.

L. L
i +

5.2,4 Beaulieu Heath (SU 339015)"

This site was chosen as representative of the thick deposits of
lower brickearth that are widespread on this part of the 46m terrace.
Preliminary augering around the site revealed that fhe lower briékéérfh -
has a fairly constant depth of about lm and is overlain by about 20cm of

upper brickearth. The junction between the two is often marked by a
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discontinuous 4-10cm thick, platy horizon that is partially cemented
(Bs horizon) and which is very difficult to penetrate by auger.

After excavation of the original soil pit at this site there was
insufficient time to complete a detailed profile description, although
so0il samples were collected. The description that follows refers to a
second profile dug about 5m away from the original, but the horizon
sequence and dimensions are closely comparable. The description was made
in the authors presence by M.G. Jarvis, A.J. Moffat and I,N Kilgour of
the Soil Survey of England and Wales.,

Description:
Altitude: 43m
Slope: level

Vegetation: Erica tetralix; Calluna vulgaris; Molinia caerulea.

Horizon Depth(cm)

H/Oh 0-6 Dark reddish brown (5YR 2/2); abrupt smooth
boundary
Ah/Ea 6-17/19 Very dark brown (10YR 2/2) humose sandy silt

loam; stoneless; weak medium subangular blocky;
moderately weak soil strength; moderately weak ped
strength; slightly sticky; moderately plastic; many
fine woody and common very fine fibrous roots;
discontinuous dark brown (7.5 YR 3/2) patches (15% of
horizon) in lower part of horizonj abrupt wavy boundary.
Bh 17/19-20 Black (5 YR 2/1) humose fine sandy loam;
stoneless; weak medium subangular blocky; moderately
weak soil strength; moderately weak ped strength;
slightly sticky; slightly plastic; discontinuous
brown to dark brown (7.5YR 4/2) layer lcm thick at base

of horizon impedes roots; roots as above; abrupt wavy

boundary.
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Bs(g)

2E'g

2 B'tgz1

2 B'tg2

20-24/36 Dark reddish brown (2.5YR 2/4) sandy silt
loam with very many distinct medium brown to dark ’
brown (7.5YR 4/4) mottles with clear edges; stoneless;
very strong soil strength; very strong ped strength;
weakly cemented; no roots; abrupt wavy boundary.
24/36=35 Light brownish grey to light yellowish brown
(2.5YR 6/3) clay loam with very many medium distinct
yellowish brown (10¥R 5/8) mottles with clear edges;
stoneless; very weakly developed very coarse angular
blocky with light grey to grey (10YR 6/1) faces;
moderately weak,soil‘strength, moderately weak ped
strength; moderately sticky; moderately plastic;
common very fine dead woody roots; pale brown (10YR

6/3) along root channe18° clear smooth boundary.

3555 Light olive grey (SY 6/2) sandy clay loam

with very many distinct medium yellowish brown (1OYR

5/8) and few distinct fine to medium strong brown
(7.5YR 5/6) mottles with clear edges; stoneless;
moderate medium prismatic with pale olive (5Y ' 6/3)

faceS° moderately weak soil strength' moderately

weak ped strength; very sticky, very plastic, few

el

medium woody roots and dead roots as abovc; sandy
loam fccies occur locally, clear wavy boundary.
55-75 Light grey to grey (5Y 6/1) cla& with many
prominent fine to coarse strong brown (7.5YR 5/8)

to red (2.5YR 5/8).mott1es with clear edges; locally

common small and medium flints; moderate coarse

prismatic with light grey to grey (5Y 6/1) faces;

very weak soil strength; very weak ped strength;

very sticky, very plastic; few very fine dead woody
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rBoté; well developed vef%ical fissuies‘up to lmm
thick coated with fine sand, diffuse smooth boundary.
“" " 2B'tg3 75-110 Light grey to grey (5Y 6/1) clay with very
‘ ' ﬁany prominent medium strbné brown (7.5YR 5/8) and
few prominent fine dark red (2.5YR 3/6) mottles with
lear edgés; stoneless; moderate coarse prismatic with
1ight’éfey (S5Y 7/1) faces; moderately weak soil
' ‘strength; modeféfely weak ped strength; very stickys
very plastic; light grey vertical fissures up to 10mm
wide with many thick fine sand coats.

110 + Plateau Gravel.

Discussion -~ -~ - -

The<profiié‘éorres§onds to soil subgroup'6.43y a stagnogley podzol
(Avér§;19éO).” Hd&éver,‘it has a paleoargillic Bt horizon which would
allow its classification és’a:paleoargillic stagnégiéy podzol, but this
differentiating class has not so far been included in the Soil Classification
System for England and Wales although Avery (pers. comm.) now thirks it
should be., ~ T o .

" 'The textural variations within the profile are outstanding. The
most ‘distinct lithological discontihuify occurs at about 30cm. ‘Below that
depiﬁ an abrupt increase in clay content marké“the‘junctiBn between the
upper and lower brickearth., Other lithological discontinuities caused by
conééntfatibné"dfifineﬁsand, occur within the 2B'tg horizons below 35cm
déptﬁ;x In the 2B'tg2 and 2B'tg3 these concentrations occur in distinct
verticle fissures that reﬁfeéent:the faces of prismatic peds. The soil
fexture within the peds is clay;‘but the fissures allow movement of
water when soil moisture levels are high. In the 2B'tgl horizon the sand
occurs in pockets, and intthe 2E'g horizon a'considéfaﬁié proportion of
fine sand is infimately mixed with other'ffadtiohs. In both cases the

sand might once also have filled fissures that have later been destroyed

by cryoturbation.
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The red mottling in the 2B'tg2 and 2B'tg3 horizons is typical of
paleoargillic horizons. Chartres (1980) suggested that this degree of
reddening was only found in soils in the Kennet Valley weathered during
the Hoxnian interglacial and earlier, and Federoff (1966; 1971) came to
a similar conclusion concerning the red soils of northern France; thus
this may indicate that the lower brickearth on Beaulieu Heath is at least
as old as the Hoxnian, The 2B'tg1 horizon has strong brown mottling and
the 2E'g horizoﬂlhas brownish mottling which may indicate they are both
less weathered thah:fhe horizons below. But, there is evidence that both
have been affected by cryéfurbation, and this may have partially destroyed

mottles that were formerly present, .

54265 Lepé Cliff (Stone Point) (52457984) - T e

This location is one of the most important sites for the Quaternary
history of south Hampshire because Ipswichian estuarine deposits outcrop
on the foreshore (Reid,1895; West and Sparks,1960; Brown et al., 1975).
These Ipéwiéhién:deposits are reputed to underlie a low cliff formed in
the gravels of the 16Qermost 5m terrace (7.6m terrace of Brown et. al.,
1975; low terrace of Keen,1980), and the terrace is consequently thouégt
to date to the Late Ipswichian/Early Devensian transition (Brown et.al.,
1975; Keen, 1980). However, the 5m terrace gravels are overlain in.the
cliff by lower brickearth and upper brickearth., The lower brickearth
has paleoargillic characterisiics and should therefore be Ipswichian or
older, which would appear to contradict the dating of the‘grave}s 7
beneath as Late Ipswichian/Early Devensian. Brown et.al., (1975) hoted_.
brickearth overlying the cliff at this site, but they did not recognize a
lithological discontinuity or the paleoargillic characteristics (Fig.5.2).

The lower brickearth, which averages 40cm thick, overlies the
terraced gravels along a 30m stretch of cliff. The eposure may once

have been greater, but recent excavations for a car park have removed

superficial material along much of the cliff-top. Along the section the
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junction between the lower brickearth-and gravel is very irregular, ~
probably due to cryoturbation, and a few festoons of gravel penetrate

the lower brickearth. ‘Thé stone lines within and above the lower
brickearth may be evidence of periglacial erosion (section 4.3.2.).  The

upper brickearth averages 60 to 80cm thick along the section,

-~

Description
Altitude:  6m
Slope: level
Vegetation and land ose: vafiooe géaéééé (cai park)
Horizon Depth (em) | )

Ah 0-30 Dark greyish brown (10YR 4/2) very sllghtly
stony sandy silt loam; malnly small subangular
flints; moderate coarse subangular blocky;
moderately weak soil strength; slightly stickys;
oodefately plastic; semi-deformable; abundant very

) fine to fine fibfous and few meddﬁm woody roots; many

'earth;oém holes and channels'rclear‘smooth boundary.

Eb  30-48 Dark yellowish brown (loYR 4/8) very slightly

‘ - stony sandy silt loam' stones as above, weak medium
and coarse subangular blockys; moderately weak soil
sfrengfh' siightly sticky; moderately plastic; semi-
‘deformab1e° many very fine to flne flbrous and few
medlum woody roots; common contlnuous dark greyish
brown (10YR 4/2) organans on vertical earthworm
channels and on ped faces; clear smooth boundary.
Bt o V 48-78 Stfong'brown (7.5YR 4/6) very slightly stony
| | “ Aclay loam; stones as above, strong medium and coarse
prismatic; moderately firm soil strength; moderately
wsticky;rooderately plasticé semi—déformaole;‘comﬁon

Qery fine fibrous roots; organans as abo&e; abrupt

irregular boundary,
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. .2Bt . . 78-118 Strong brown (7.5YR.5/8) with yellowish brown
oo ww - .. . (10YR 5/6) very slightly stony silty clay with
rare (<0.5%) extremely fine and very fine prominent
. .dark red (2.5YR 3/6) mottles with sharp edges; stones
. .. as above; massive; moderately weak soil strength;
.., .. moderately sticky. ; very plastic; semi-deformable; few

continuous dark greyish brown (10YR 4/2) organans

in vert1cal (earthworm?) channels- few fine fibrous
. roots' abrupt irregular boundary. |

118 + Terrace gravel.

’ i fii At 78 and 96cm there are 1rregular stone lihes )
. B (l to 4 and 3 to 8 stones thlck respectively) of
- subangular very small to medium flints,
Discusslon

The proflle corresponds to s01l subgroup 5 81, a typlcal
paleoargillic brown earth (Avery,1980 ) This is one of the thickest
dep031ts of upper brickearth found over lower brickearth and as a result
a complete typical argillic brown earth profile has developed in the
upper brickearth There is only slight evidence of increasing fine sand
content with’ depth in’ the upper brickearth, but, judging by the stone
content, there has probably been more disturbance and mixing by cryoturbation
at this site than at most others. Most’characteristics of the upper
brickearth are similar to those at Sturt Pond, Chilling Copse, and Hook
Gravel Pit. S

Because both é}e“thté silty,‘the'litholoéﬁcal)olscontihuity:between
the upper and lower brickearth is less clear than ;t"hAﬁy other sites.
However, the lower brickearth has a much lower sand content and awmuch
higher clay content thah the upper brichearth, ahd oonforms to the colour
characteristics of palecargillic horizons (Avery;lééo), though‘reo&ish
mottles are rare and only notlced on close inspeotloh. Thése oolour

characteristics (7.5YR hues in the matrix and faint reddish mottles) are
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the same as those found by Chartres (1980) in soils in the Kennet
Valley presumed to have been weathered only during and since the
Ipswichian interglacial. Also, field measurements of ¥ radiation in
the lower brickearth by Dr. A.G. Wintle (pers. comm ) indicated levels
similar to those found in Wolstonian and older loesses in Europe, which

are quite different from those in late Deverisian loess.

fJ - v A A N

5.2.6, Thorns Farm (sz§§9964)

This site also lies on thédéh fériagéhagoﬁi 7kﬁ soutﬁ;wé5£ of
Lepe Cliff., The terrécévgrévei is.agaiﬁ oveflainfﬂ& a contiﬁuous cover
of lower brickearth with baleoaréillic chafac%érisﬁics; The profile‘dés
described from a soii pif, bﬁf é'similar'sequence‘bf hoéizénsﬁwéé séeﬁﬂ
in the extensive ditches that surrcund fields in the locality. The lower
brickearth averages 30 to 80cm thick over the gravel and the junction is
irregular, probably dué to cryoturbation., Upper brickearth 40 to 80cm
thick, overlies the lower bfickéarfh, also with an irregular boundary.

e

The soil at the profiie site is cultivated.

Description
Altitude: 3m

Slope: level

Horizon Depth (cm)

Ap 0-30/32 Very dark greyish brown (10YR 3/2) very
slightly stony fine sandy»loam; mainly small sub-
angular and subrounded flints; moderate coarse blocky
fragments and firm very coarse clods; moderately firm
soil strength' slightly sticky; very plastic; brittle;
common very fine fibrous root3° many added lime
fragments; abrupt smooth boundary

Apg 30/32-40/44 Very dark grey (IOYR 3/1) with streaks
of dark brown (10YR 3/3) fine sandy loam with common

strong brown (7.5YR 4/6) and brown (10YR 4/3) fine and
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medium prominent and faint mottles with clear edges;
stones as above; moderate coarse subangular fragments;
moderately weak soil strength, slightly sticky;
moderately plastic; semi~deformable; common irregular
feruginous concentrations; roots as abovej abrupt
irregular boundary,

A/E(g) 40/44-60/62 Dark brown (10YR 3/3) fine sandy loam
with many to very many strong brown (7.5YR 4/6),
yellowish red (5YR 4/6) and brown (10YR 5/3) fine
and medium prominent and.distinct mottles with sharp
or clear edges; stones as above; strong.coarse sub-
angular blocky; moderately weak soil strength; slightly

. sticky; very plastic; semi deformable; roots as above 3
common irregular feruginous concentrations; common
continuous very dark greyish brown (10YR 3/2) organans

. on ped faces and in earthworm channels; abrupt wavy.
boundary.

Eg, . 60/62-80/85 Light yellowish brown (10YR 6/4) fine.
sandy loam with common prominent strong brown (7.5YR
4/6) and yellowish red (5YR 4/6) fine and medium
mottles with sharp edges; slightly stony; moderate
coarse subangular blocky; moderately weak.soil
strength; moderately sticky; very plastic; semi
deformable; few very fine fibrous roots; organans as
.above; abrupt wavy boundary,

2Bt(g) '  80/85-143-150 Strong brown (7.5IR 5/8) clay loam
becoming sandy clay loam at.depth; slightly stony
becoming moderately stony with depth; strong coarse

.prismatic structure with light yellowish brown (2.5Y 6/4)
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colours on ped faces; fissures between some peds are
filled with light grey (2.5Y 7/2) fine sandy loam;
very firm soil strength; very sticky; very plastic;
* semi deformable; roots as above; irregular clear
‘boundary’
< 143/150 + Gravel

L3 T . * 7
. X . . . - MY

Diécuééion‘

Thegprofile‘céfrésbohdé forsdil sﬁbéroﬁp é.i%, agéypical argillic
gley soil (Avery,1980), thoush' is Somewhat wnusual in that the Bt horizon
is only slightly gleyed. The 2Bt(g) horizon is palecargillic, but a
palééérgiilic sﬁgéfoup is not provided for in the éfdundwafer‘éle&hsoilé
(Avery,1980). ‘ -

A;”in many other pfofileé;ﬂthé ubﬁéi brickearth bécomés éandier
withAdépth; but fﬁe‘change‘ié insufficient %o cause aysﬁifi in textural
class, so no lithological discontinuity has been marked within the upper
brickearth. - The uppermost 40cm have been mixed by cultivation and this
has masked any textural variation that was originally present there,

The irregular junction between the upper and lower brickearth may
have been caused by cryoturbation, as is common in paleocargillic soils
(Avery,1980;- Sturdy et al., 1979). Material with a similar particle
size distribution to the Eg horizon, and piobabl&‘derived“from it,
penetrates into the ZBt(g) horizon along fissures to a depth of at least
100cm. This material has a different colour from the Eg horizon but
this is probably due to ‘the ped-face gleying that occurs in the 2Bt(g)
horizon., These sand-filled fissures are not so common as in‘the Beaulieu
Heath profile and do not seem to coat entire peds, but the similarity
between the two profiles in this respec%‘is nevertheless striking.

The 2Bt(g) horizon is much less rubified ‘than:the 2B'tg horizons
in the Beaulieu Heath profile; it contains 'no reddish mottles but has a-

matrix colour (7.5YR 5/8) ‘identical to the 2Bt horizon at Lepe which may

indicate that both have been weathered over a similar time period
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5.2.7 Tanners Lane (SZ 365953)

This site also lies on the Sm terrace and was selected for study
because the lower brickearth here is very different from that at Thorns
Farm and Lepe Cliff. Upper brickearth about 50 to 60 cm thick and
overlying lower brickearth is exposed in a very low (®m) cliff at the
head of the modern beach (Fig 5.3). The exposure can be followed for lkm
between Otter's Hill Copse (SZ362953) and Pitt's Deep (SZ371955). The
upper brickearth is continuous throughout this length and in places it

directly overlies gravel. The lower brickearth is discontinuous and has

e e e A b s wen. mp,,.v.rm 'nwwq.»f*_

been penetrated in places by involutions of gravel, The modern beach

b ""v.w

gravel and the terrace gravel have a similar appearance, but the terrace

Rumaradd Muumu
G, -

gravel was dlstinguished by its weakly cemented nature.

The upper part of the described profile was exposed in the cliff

e

but the lower part was examined by digging through the modern beach.

TS [Nt

Description e
Altitudes -+ 1m QDo -~ 7o C e e s

Copoepta oarc ot

Slope: »+' Level ™

Vegetation: Crataegus monogyna; various grasses

Land-use: field boundary.

Horizon Depth (cm)

H 4-0 Very dark grey (10YR 3/1); abundant very fine to
medium fibrous and woody roots; abrupt smooth boundary,

An(g) 0-46 Dark greyish brown (10YR 4/2) very slightly stony
sandy loam with few very fine to fine distinct dark

~« ©./ _yellowish brown‘(IOYR 4/4)‘mott1es' stones mainly

small and very small subangular fllnts, moderate
medium and coarse subangular blocky, moderately weak
ped strength; slightly sticky; moderately plastic;
common to many very fine to medium fibrous and woody

roots; clear wavy boundary,
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Eb(g) & 2Btg 46-74 Strong brown (7.5YR 5/8) and yellowish'brown
(10YR 5/4) sandy clay loam with many distinct medium
and coarse yellowish red (5YR 5/8) mottles with

clear edges; stones as above; sErong‘medium and .

coarse prismatic with common continuous very dark

grey (10YR 3/1) organans on ped faces; moderately

firm ped strength; slightly sticky; slightly plastics
common fine and medium fibrous and woody, roots; diffuse

smooth boundary. . Cetin

. 2Btg2 . T4-133 Light olive grey (5Y 6/2) very slightly pebbly
clay with many medium and coarse red (2.5YR 4/6),.
yellowish red (5YR 5/8) and strong brown (7.5YR 5/8)
mottles'with sharp edges; stones mainly small rounded.
flints and rare small subangular flints with white
(weathered) patina; massive;. few fissures coated with
_dark grey (5Y 4/1). organans; very firm soil strength;..

) moderately sticky; very plastic;, few very fine to

Afine fibrous roots;»gradualrboundary - s

2Btg3?* 133170 (Auger'boring),olive grey (GY 6/1) very
slightly pebbly clay with common prominent coarse dark
yellowish brown (IOYR 4/6) mottles; stones as aboves
‘rare fissures contaln fine sandy loam mater1a1° few
Lvery fine to fine flbrous roots gradual boundary.

" ‘ZBtg4é* l .170-210 (Auger boring) Olive erey (5GY 6/1) very

slightly pebbly clay with common promlnent coarse

vt e
g "

yellowish red (5YR 5/8) and strong brown (7 5YR 5/8)
and few fine promlnent dark red (2.5YR 3/6) mottles;

Stones as above

¥ Lo ‘

2104'Coarse subangular fllnt gravel with reddlsh

mottled clay matrix,
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* These horizon.designations are tentative because no micro-

morphological samples could be extracted.

Discussion

The profile corresponds to soil subgroup 8.41, a typical argillic
gley soil, and as in the Thorns Farm profile, the Btg horizons qualify
as paleoargillic. An unusual feature of the profile is that it is
affected by daily fluctuations in groundwater level due to tidal movements.
The boundary between the unper endvlewer grickearth is extremely

irregular, so much 50. that discrete pockets of. each exist within one_

.
Tg‘\..«., - w ,, N " S
'ww ~ A v,
>, My

horizon, the Eb(g) & 2Btg. The irregularity of the boundary may be due’ R
to cryoturbation.} Fissures filled with sandy loam (presumably derived
from the Eb(g) heri;hn in the upper brickearth) were found only within

the 2Btg3 horizon”and were not seen to connect directly with the overlying
upper brickearth,

In contrast to the Lepe Cliff and Thorns Farm profiles, the lower
brickearth here is strongly red-mottled through most of its depth, although
only yellowish-brown mottles were seen from 133-170cm. The degree of red-
mottling in the 2Btg2 and 2Btg4 horizons is equal to that in the\Beaulieu
Heath profile which may indicate that the lower brickearth has been

weathered during the Hoxnian interglacial or earlier,

5.2.8 Ocknell Plain (SU 223100)

This site lies on the 113m terrace and is typical of the
paleoargillic soils that occur there., The profile was described from

a section in a roadside ditch that traverses the entire width of the

~ v e H 5( M

terrace remnant. B The ditch showed the manner in which the lower brickearth
thins towards the edges of terrace fragment (Fig 5,4). Along the flat
central portion of the terrace boundary between the gravel and lower
brickearth is smooth and few festoons occur, but the boundary becomes less
regular and festoons increase as the lower brickearth thins‘towerds the

edge of the terrace. Eventually the lower brickearth only survives in
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described profile site
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Fig. 5.4 Section through 113m terrace deposits at Ocknell Plain
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in pockets in the gravel surface, - The festoons halt abruptly, and'~ '--
may be truncated in places, at the junction of the upper and lower
brickearth, indicating that they pre-date deposition of the upper -
brickearths The upper and lower brickearth-are separated by a stone
line that is probably of periglacial origin and 'is discussed~in section
4.3.24 S P : : st s s
Description
Altitudes  106m 0.D,
Slope? level

Vegetation: Callﬁné‘;ﬁlgéris; Erica tetralix: Molinié caerﬁie;‘vr

Horizon Depth (em) ™ =

F,H 3-0 Black (10YR 2/1), abrupt smooth boundary.
Ah 0-7 Black (10YR 2/1) very slightly stony silt loam;
malnly small subrounded and angular flints, very

L

| weak fine subangular blocky, moderately weak soil
4' ’strength; slightly sticky; moderately plastic; semi
deformable; many very fine to fine fibrous and woody
_ roots; abrupt irregular bbuhdaﬁy -
Eag #7-11/13 Light brownish grey (10YR 6/2) silt loam;
stones as aboves weak fine and medium subangulérf“f
" "blocky; consistence as above; roots as above; clear
irregular boundary.
Bh & 2Bt(g) 11/13-17/20 Black (10YR 2/1) with brown (10YR
5/3) and strong brown (7.5'R 5/8) silty clay loam;
' few small subangular and subrounded flints; some
stones shattered in-situj moderate fine and medium
‘subangular blocky; moderately weak soil strengthj
slightly sticky; moderately piastic; brittie; roots as

above; clear irregular boundary
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-+ 2Bt(g)2 - 17/20-37 Strong hrown (7.5YR'5/8) 'silty.clay with few
fine to very fine prominent dark red (2.5YR 3/6). - .
mottles-with sharp edges; stones as above; strong.-

" coarse- subangular blocky; moderately weak soil-
strength; moderately.sticky; very plasticj.semi- .«
deformable; common very fine-to fine woody fibrous

Gy e roots; common brown-(10YR 5/3) organans on peds,
stones and root:channels;-diffuse smooth boundary. : .
- 2Bt(g)3 . 37-124 Strong brown (7.5YR 5/8) and -yellowish brown
- (10YR 5/8) clay with few-(fewer .than above) very fine
-prominent dark red (2.5YR 3/6) mottles with sharp
e T : .+ edges; stones, structure, consistence and-organans. .. ..
-~ . as above; few very fine fibrous roots,
_ - 124 + Plateau Gravel.
A stone line occurs-at-l3cm depth on the junction of the Eag and

Bh and 2Bt(g) horizons,

Discussion

The profile corresponds to soil subgroup 7.14, a palecargillic
stagnogley soil (Avery,1980).  The designation of the Bh horizon is
only tentative because dithionite extractable Fe + Al and organic carbon™®
were not determined,

Unlike nearly all the sites on the lower terraces (< 56m) the
upper brickearth is very silty at its junction with the lower brickearth;
this feature was found at many other sites on the high terraces. "As at’ **
most other sites at all levels; the junction between the upper and lower
brickearth in the Bh and 2Bt(g) horizons is highly irregular, probably (’
due to cryoturbation. The Bh characteristics seem to have developed in
less clayey pockets which may be of upper brickearth materials.””

In térms of texture, colour and mottling, the’ lower brickearth is

very similar to that at Lepe Cliff , and so may have been weathered over
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a similar time~period. As the 113m terrace is likely to be considerably

older than the Hoxnian, a much more red mottled subsoil might be expected.
Strongly red-mottled lower brickearth does occur locally on this terrace,

for example at Fritham Plain (SU 224136), It is probable, however, that

similar veneers of superficial deposits were once more extensive but have

been eroded almost completely from this and other high terraces during

several periglaciai“énd iﬁtergiacial periods in the past. At the

.

described site, the erosion of clayey (wééfhefed‘lbéﬁfj;ggéégiéi from the
terrace surffcé"ﬁouid héve exposed fhe freely drainéd giavel and thus
favoured the preservation.of subsequently deposited loamy material
(the prese;t lower brickearth). Thus the lower brickearth at the
described,siteﬂqp?ldgbe g)relatively late addition to the superficial veneer

of the 113m terrace.: - = «+-. w

5,2.9 Calveslease Copse (SU 323002)

This site is.located in a small abandoned gravel pit at the
western edge of iﬁe (Be;uiieu Heath) 46m terrace fragment. The pit is
on a gently sloping valley side beyond the edge of the 46m terrace as
mapped by Everard (1954), but the gravels are stratified and show no
evidence of having been involved in gelifluction, so they may lie on a
slope formed by periglacial cambering (Fisher,1975). A depression in the
gravels measuring 1.7 x 15m and filled with fine sediments was observed
in the north face of the pit (Fig. 5.5). Augering revealed that the
fine sédiments thin to the north, and'no evidence was found of them on
the south face.of the pit, . The depression is thus presumed to have .been an
enclosed basin., It is possible that it formed as the result of the
collapse of a small ground ice mound (pingo). Embleton and King (1975)
suggest that the most reliable indicator of a fossil pingo is the
presence of a small rampart around the perimeter, At Calveslease Copse,
the normally horizontally stratified gravels are swept upwards at the

perimeter, especially the western edge, indicating that a rampart could
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described section
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[ Jtalus

Fig. 5.5 Section through deposits at Calveslease Copse gravel
pit.




formerly have been present, This may have been destroyed by subsequent:
cryoturbation or more recently by human activity. The basin left after
collapse of a pingo is often filled with water and eventually by sediments
derived from the surrounding land surface (West et al., 1974). At
Calveslease Copse, the sediments‘filling the basin were studied because
they could have been derived from brickearth that was formerly present on

the gravel surface nearby,

Description ™

“'Altitudes 25m e - T e
Slope* S 2% T
Horizon Depth (cm) S ; e e

" ©15=0 Made ground (spoil .from gravel workings) -
1 " 0-32 Brownish yellow (10YR 6/6) sandy loam with few~- .-
T e “horizontal streaks of light yellowish‘brownf(lOYR-6/4);
v "7 .~gtoneless except. for rare pseudo-horizontal-flinty .
" seams; flints often surrounded by a:yellowish red
+(5YR 4/6) -clay rich materialj! structureless;:clear s
" wavy boundary.
2 - ' - 32260 Brownish yellow (10YR 6/6-8) very slightly:stony
~ sandy loam; strong fine angular blocky-becoming fine
and medium angular platy with depth;  some ped:faces
i+ egpecially at base of horizon coloured:reddish brown
- - (5YR°4/4); few vertical root channels coloured light -
grey (2.5Y 7/2); sharp wavy boundary -
3 - 60-160 Strong brown (7.5YR 5/8) stoneless clay loam;
- fine angular platy structure; horizon penetrated
through its depth by continuous vertical root channels
-about 15=25cm apart; channels coloured light grey-:
(2.5Y 7/2); clear smooth boundary. o T e

. . R . f
LR : vowaFe Ty o
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e g 160-170 Red (10R 4/6) sandy loam; structureless; very
to extremely stony; clear smooth boundary

‘170 + Stratified gravel.:

Discussion

Beéause some part 6f the uppeif£6rizoh<s5‘ha§é geen removed, no
attempt was made at profile classification, Horizon 3 has a similar
colour to many paleoargillic horizons, but it has fine stratification and
cannot therefore qualify as a B horizon (Avery,1980). = Lithological
discontinuities occur between horizons 2 and 3 and between 3 and 4. ' As’
the sediments are unlikely to represent brickearth in-situ, they have not
been differentiated into upper or lower members., The sandy loams forming
horizons 1 and 2 have almost identical colour and ‘texture; they were
differentiated mainly on the basis of structure. Horizon 1 is structureless
and is penetrated by stony seams probably derived from horizon 4.  Horizon
2 has fine stratification, and the lenticular sedimentary structures now
form peds; there is no evidence of disturbance by cryoturbation. It is
possible that horizon 1. formerly displayed stratification, but that this
has been destroyed by cryoturbation,

The contribution of upper brickgarth to horizons 1 and 2 is not
clear from the field evidence. Their texture suggests they could be
derived from the sandy lower-parts of. the upper brickearth, and this is
supported by brownish matrix colours (10YR hues) suggesting Flandrian soil
formation. However, the nearest upper brickearth deposits on the terrace
surface (at Diiton Farm, SU 325004) have a much lower sand content. -

The junction between horizons 2 and 3 is not as irregular as that
found between lithologically distinct materials at many other sites which
suggests there has been little or no periglacial disturbance of it. The
sedimentary laminations present in horizon 3 suggest it was derived from
soils or sediments lying, outwith the basin., It is not clear from the

field evidence whether it was derived from pre-existing paleoargillic

horizons or if it acquired its paleoargillic characteristics after
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deposition in the basin.

Horizon 4 shows no evidence of stratification. It has a similar
texture to the underlying stratified gravels, but with a higher clay
content., It is distinctly redder than horizon 3 and possibly therefore,

represents an earlier phase of interglacial weathering.

5,2,10 Rockford Common Gravel Pit (SU173084)

This site-is located-in awlarge’Qisused‘gravel“pit‘on;Avon“terrace*4
V111 of Sealy (1955), which is probably equivalent to Everard's (1954) |
70m stage. In nearly all o{vthe exposed sections no brickearth overlies
the gravel, but at one poiﬁt&gpoﬁt Sobm“pf sandy brickearth lies-ina 7
shallow depression‘ab;ut 10m long in the surface of the gravel (Fig.5.6).
The brickearth is reddishknear-its base'and{;eddéning'continues_into the ,\L
terrace gravel un@ernéath. There is evideﬁce of cryoturbatédqﬁoundaries,

e g -

between the gravels and brickearth and between.the reddened and non-

reddened brickearth, -+ ¢« &' ri 0T

T I CURIRRE I R

Description
Altitude: 65m

Slope: level

Vegetation: Pteridium aquilinum

Horizon Depth (cm)

Ah 40-0 Very dark grey and very dark greyish brown
(10YR 3/1=2) fine sandy loam; many small flints;
structureless' abrupt smooth boundary, -

Eb ':‘0-40 Brownish yellow (10YR 6/6) fine sandy loam;
few small flintsj structureless; clear irregular
boundary.

Bt 40-60 Yellowish red (5YR 4/6) with strong brown
7.5YR 4/6) fine sandy loam; stones as above;
structureless; clear wavy boundary

2Bt 60-110 Stratified terrace flint gravel with a yellowish
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red (5YR 4/6) and strong brown (7.5YR 4/6) sandy
clay loam matrix; all flints coated with yellowish
red or strong brown clay skins; diffuse smooth boundary.

110-160 + As above except clay skins less common,

Discussion

The Ah horizon has been disturbed and added to, probably during
quarrying operations, and qualifies as a thick man-made A horizon. The
profile thereforelcorggsponds.to”sqil subgroup 9.12, an earthy m;n-made.”“
humus soil (Avery,1980). N - C B o

A puzzling feature of the préfile is th;t the paleoargillic Bt
horizon is similar in texture to the Eb, yet the Eb horizon has a brownish
colour like the upper brickearth, It was therefore not possible to
differentiate the Eb horizon as upper or lower brickearth on the field
evidence. The Bt horizon is discontinuous and its surface is irregular
which suggests it:may have been eroded prior to deposition of the material
forming the Eb horizon.

The 2Bt horizon in the terrace gra§§1 ;howé an unusually high
degree of pedogenetic alteration; thick reddish clay skins are present to

at least -lm below the gravel surface. Its colour is identical to the

Bt horizon, so the two may have been weathered contemporaneously.

5.2.11 Holbury Gravel Pit (SU 426049)

This site lies on the 46m terrace on the edge of Beaulieu
Heath (east).r Extensive deposits of thick lower brickearth. are
exposed in secéions<in a dis&sed gravel pit. Upper brickearth formerly
overlay this, but it was removed prior to gravel extraction and is mounded
to one side. The site is remarkable because one face of the gravel pit
appears to show two separate layers of lower brickearth (Fig.S.?).
Within the upper (silty clay) layer there are extremely flinty pockets
with a silty clay matrix, These resemble festoons of gravel but they are

not directly connected to the gravels underlying the lower (clay loam)
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disturbed soil
silty clay (common red mottles)

2m
%silty clay (very many red mottles)
extremely flinty silty clay
clay loam 0
0 2m

horizontally stratified terrace gravel

Fig. 5.7 Section through lower brickearths and gravel at
Holbury Gravel Pit.
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deposit." The Junction between the upper and lower deposits is

C Aty ~ 7 - - Ter w7y

contorted, suggesting that some cryoturbation has occurred

Description

Altitude:d”y 3Tm 6.D.

Slope. ety 0. 50 N .

The numbers below refer to the lithological/pedological units
‘marked in Fig._5.7
_ Unit depth (cm) .
,,”(1) o 0-110 Light grey (SY 7/1) 81lty clay with ‘common
\ | prominent fine to coarse strong brown (7.5YR 5/8)
. to red (lOR 4/6) mottles with clear edges; mottles
' associated mainly with stonier facies and pockets oi
finer structure; few small to medium flints° moderate
. i B very fine to medium angular blocky; few light grey
. | . (5Y 6/1) sandy inclusions tetween peds; abrupt wavy or
7 irregular boundary to (4) _
(2), ‘ ‘~4-l2cm Thick rind' of silty clay separating units
| '(1) and (3); light grey (5Y 7/1) with very many
prominent coarse red (10Rr 4/6) mottles; stones as above,
A strong very fine and fine angular blocky structure.
*(3) \Strong brown (7.5YR 5/8) flint gravel with silty
clay matrix mottled red (10R 4/6), strong brown
(7.5YR 5/8) and light grey (7.5YR 7/1).

(4)) 110-180 Strong brown (7.5YR 5/8) with light yellowish
brown (2.5Y 6/4) clay loam; few small medium flintsj ,
moderate medium angular blocky structure; clear smooth
bounda.ry. | | |

(5) 180 + Horizontally stratified‘gravel with a cla;

- rich matrix in uppermost lOcm continuing few red

l(lOR 4/6) mottles,

-
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Discussion

Both the upper (silty clay) and the lower (clay loam) deposits
conform to the definitions of paleoargillic horizons (Avery,1980). The
upper deposit has evidence of a far greater degree of weathering than the
lower. The intensity of red mottling within it is similar to that found
in lower brickearth én other parts of the 46m terrace, for example in the
Beaulieu Heath profile. The red mottling is most promcunced in disturbed,
possibly cryoturbated, areas (especially unit (2)) where the structure is
fine or very fine angular blocky. lMaterial with a sandy loam bextudl.s
occupies space between pedé; but these spaces are not vertical fissures
as in the Beaulieu Heath profile. It may be that prior to disturbance by
cryoturbation vertical fissures were present in the upper deposit and these
were penetrated by the sandy loam material.

The lower (claf loam) deposit has a less disturbed appearance
than the upper. It also might be less weathered as it has colours
similar to those found in supposed Ipswichian soils (Chartres,1980). The
top 10cm of the underlying gravel however, has matrix texture and colours,
very similar to the upper (silty clay) deposit.

Thus at Holbury Gravel Pit there appear to be two lower brickearths,
the upper of which could be older than the lower; The colours suggest that
the upper is equivalent’tolthe Beaulieu Heath profile (possibly at least
Hoxnian age) and the 1owe£ is equivalent to the lepe Cliff, Thorns Farm

and Ocknell Plain profiles (possibly weathered only during and since the

Ipswichian).

5.2,12  Hordle Cliff (SZ 269921)

‘ This site is a cliff eiposure in the 21m terrace. About 1 to 1l.5m
of upper brickearth overlies gravel on most of the terrace remnant, but at
the described site a pocket of lower brickearth about 10m long and 50cm
thick lies in the surface of the gravel (Fig.5.8). The lower brickearth
here is one of the few deposits observed on the terraces at 46m 0.D. or

lower to the west of the Iymington River, as on most of these
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Fig. 5.8 Section through deposits at Hordle Cliff.

(



terraces. lower briqkearth appears to have been removed by erosion. This
lower brickearth was described and sampled as a comparison with the more -
extensive deposits found on equivalent terraces at or below 46m to the
east of the Lymington River.
Des&fipfldﬁ

‘Altitude:  '24m 0.D,

""" Slope Level T
" ' Deposit Depth (cm) R I .
' Upper  0-125" Silt loam becoming more sandy with depth; abrupt
. Brickearth
irregular boundary.
"Lower  125-170 Strong brown (7.5YR 5/6-8) clay loam with
Brickearth
e common coarse distinct yellowish red (S5YR 5/8)

mottles; few small and medium flints; moderate fine,
medium and coarse subangular blocky with pale yellow
R . -(2.5Y 7/4) colours on ped faces; clear wavy boundary.

170 + Terrace Gravel.

Discussion

The lowerfbrickéafth conforms to the definition of a paleoargillic
horizon (Avery,1980). Both the lower brickearth and upper parts of the
terrace gravel are contorted and interdigitated, probabably by
cryoturbation, One effect of the cryoturbation is that the lower-
brickearth now occupies a depression in ‘the gravel, and this has probably
protected it from erosion.

The overall colour of the lower brickearth is similar to that at
Lepe C1iff, Thorns Farm, Ocknell Plain and Holbury Gravel Pit (clay
loam horizon), but it has coarse reddish mottles which these sites do not
have. Thus on field evidence its Weathering‘cﬁaracteristics‘are
intermediate between those of the lower brickearth at these sites and

at Beaulieu Heath, Holbury Gravel Pit (silty clay) -and Tanner's Lane, -

137



5.2.13 Wootton Heath (SZ 241986)

This site, which lies within onepof the areaé:of bfickéé;thrmapped
by the Institute of Geological Sciencés, lies on another fragmenéyof the
same 56m terrace on which the Wilverly Plain profile was described. The
lower brickearth is better preserved than at Wilvérl&; The profile was
described mainly because itiéeems‘on field evidence to be developed
entirely in lower brickearth. Upper brickearth is present locally on this
terrace fragment but at the profile.site it may haveVbeen_washed‘completely
off the relatively inpermeable lower brickearth., Even.today, shallow
rills can be seen after rain on the stock-puddled surface of the brickearth,

washing away material from the A horizons of the soil, .

s ks

Description
‘Altitude:s - 61m- : ‘.

Slope:? " level
Micro Relief:Slightly undulating stock-puddled surface with
few rills, - -

Vegetation: Erica €etralix; Molinia'caerulea; Calluna vulgaris

Horizon Depth (cm)

“Ang- 0-26 Very-dark greyish brown (10YR 3/2) silty clay
loam with common to.many medium and coarse distinct
to prominent brown (10YR 5/3), strong brown (7.5YR
5/8) and light olive grey 5Y 6/2) mottles with sharp
to diffuse edges; few small subrounded and subangular

. flints; massive; moderately firm soil strength; slightly

. sticky; slightly plastic:‘ abundant fine and medium
fibrous and woody roots; sharp wavy boundary.

Btgl 26=-52 Reddish yellow (7.5YR 6/8) with light grey

. (5Y 7/2) silty clay loam; few very fine to fine
prominent red (2,5YR 5/6) mottles with sharp.edges;

. common stones as above; moderate medium prismatic
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with light grey (5Y 7/2) on faces; moderately weak
soil strength; moderately sticky; very plastics
common fine fibrous roots; smooth diffuse boundary.

Btg2 52=92 As above except stone content increases to
at least 50%, obscuring structure,

92 + Terrace gravel,

Discussion

o — .- Sy, oo e e e A B 1
v M Amos e o M A B e e s e U, [y— am e wie Bem o e S e .

The profile corresponds to soil subgroup 8.41,. a -typical argillic
gley, and the Btg horizon is paleoargillic. ﬁété515éﬁc2’¢aui& be found
for a lithological discontinuity within: the proflle and there were no
features, such as a stone line, to suggest that upper brickearth is. present.

In terms of matrix colour, texture and mottling, the lower :
brickearth in the Btg horizons is very similar to that at Lepe Cliff and
Ocknell Plain, although the greylsh colours suggest it is more gleyed
It may therefore, have a simllar age to those’ sites. .

Unlike most soils described with upperlbrickeartgxovefiyiﬁg lower: .-
brickearth, theTe is no E horizon. A former E ho#izon could‘héve“beeg )
removed during erosioﬁ qf’the upperqbriEkearth, which implies that‘fhe .

upper parts of the profile are formed in former subsoil horizons, .

5.2.14 Redistribution of Uppér Brickearth.on.the 56m Terrage - ---» - w= =

Dyring the field survey, weakly stratified colluvium was found
to be widespread in the footslopes and floors of valleys incised in the
56m terrace remnant between Wilverly Plain and Spy Holms (su246015) .
The colluvium has similar characteristics to upper brickearth on the
terrace surface, from which it may be derived. In the central parts
of some valleys the colluvium contains a buried Ah horizon that marks a
former ground surface. e

The distribution of the colluvium and buried: soil was mapped at a
scale of 1:10,000 by detailed greund’survey and air-photo interpretation.

Their distribution is shown in Figs 5.9 and 5,10,
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upper brickearth 220 cm
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Fig. 5.9 Distribution of upper brickearth, upper

brickearth colluvium and buried soils near
Wilverly Plain.
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Fig. 5.10 Distribution of upper brickearth, upper brickearth

colluvium and buried soils near Spy Holms.

141




The colluvium is thickest on the lower slopes and floor of the
largest valley, Longslade Bottom, where upper brickearth has been almost
completely eroded from the two narrow spurs of the 56m terrace that
flank the valley. The colluvium also thickens towards the valley mouth
(points 1-6, Fig 5.11). The buried soil on the valley floor is variable
in thickness and in places is absent, suggesting that erosion occurred
prior to burial. - Where the-overburden is thin (point 2,-Fig 5.119)-the- =
buried soil may be absent, perhaps because it has been mixed with the
colluvium by recent cultivatiép (Browning, 1951).

Sharp textural discontiﬁﬁities are common in the soils,. These are
mainly caused by varying'prbportioﬁs of fine sand in the sediments and
shows that the source of materials changed during deposition of the
colluvium Most horizons are sandy loams or sandy silt loams suggesting
derivation from the upper trickearth, but loamy sands, resembling the
Barton Sands, are present and become increasingly more common towards the
mouth of the valley:suggesting that the Barton Sands that underlie the
colluvium in some places (e.g. point 9, Fig 5.11) were an increasingly
important contributor to the colluvium towards the valley mouth,

The colours of the colluvium and buried soil become more gleyed
both downslope and towards the valley mouth, indicating poorer drainage,
Generally, the Ah horizons at the colluvium surface and in the buried soil
have the same Munsell hue and value, but the buried soil is nearly always
1 unit of chroma darker and feels greasier.

Three profiles were described; l. on the side slopes of Longslade
Bottom; 2. on the valley floor, exhibiting a buried soil and 3. in Scrape
Bottom, also with a buried soil (Figs 5.9 and 5J0). The last two were
chosen to see whethgr‘pollen analysis and micromoréholpgy wquld:indicate
a similar age and méﬁe of-formation for the colluvium and buried soils

on the east and west side of the 56m terrace fragment.
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Fig. 5.11 Some characteristics of upper brickearth colluvium

and buried soils in Longslade Bottom. (See over

for soil descriptions at sample points.)




1 0-l4cm 10YR_3/2 SZL
14-28cm 10YR 3/1 SZL (buried soil)
284cm -gravel

2 0-18m 10yr 3/2 SzZL
184cm gravel

3 0-17cm 1OYR 3/2 SzL
17-35¢m 10YR 4/2 SZL
35-63cm 10YR 3/2 S2L (buried soil)
634cm  gravel

4 0-5T7cm 10YR 4/2 SzZL
57-6Tcm 5Y 2.5/2 SZL (buried soil)
674+cm gravel

5 0-40cm 5Y 2.5/1-2 S2ZL to SL
40-60cm 2.5Y 4/2 SL
60~70cm 5Y 2.5/1 gritty SzL (buried soil)
704cm  gravel

6 0-38cm 5Y 2.5/2 szL KEY:
38-60cm 5Y 2.5/1 S2L (buried soil) - SZ2L - sandy silt loam
€0-122cm 2.5Y 4/2 SZL SL - sandy loam
1224cm gravel IS « loamy sand

7 0-10cm 5Y 2,5/2 SzL
10-16cm 5Y 2.5/1 SL (buried soil)
16-33cm 10YR 5/3 LS
334cm  gravel with LS matrix

8 0-3lcm 5Y 2. 5/2 SL
31-43cm 5Y 2.5/1 S2L (buried soil)
434cm  gravel

9 0-28cm 10YR 3/2 S2L
28-50cm 10YR 6/6 SL.
50-200cm4 LS Barton Sands

10 0-32cm 10YR 3/2 stony SL
324cm  gravel

11 0-28cm 10YR 5/2 stony SZL
284cm  gravel

Fig. 5.11 (cont.)
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Descriptionsir

Profile 1:

Altitudes

Slope£

Longslade Bottom (SU263006)

45w 0.0,

4.5°, north east

Vegetation and Land use: Permanent grazing

Horizon Depth (cm)

Ap’

Eb/Bw(g)

2Bw(g)

0-22/26 Very dark greyish brown (10YR 3/2) sandy
silt loam; few small angular and subangular flints;

noderate fine (becoming medium and coarse with depth)

~subangular blocky; moderately firm soil strength;

slightly sticky; very pléstié; semi deformable;
abundant very fine fibrous roots; common earthworm
channels; clear wavy boundary,

22/26-51/52 Yellowish brown (10YR 5/4) sandy silt
loam with few very fine distinct strong brown

(7.5YR 5/8) mottles with sharp edges; stones as above,
except two pockets with many flints; weak coarse -
subangular blocky; moderately weak soil strength;
slightly stiék&; moderately plastic; semi—deformébie
common very fine fibrous rootsj common earthworm
channels coated with very dark greyish brown (10YR
3/2) organans; clear smooth boundary.

51/2 - 60+ Brownish yellow (10YR 6/6) and yellowish
brown (10YR 5/6) sandy loam with common fine distinct
strong brown (7.5YR 5/8) mottles with clear edges;
many flints as above; moderate coarse angular blocky;
moderately weak soil strength;‘siightiy sficky; very
plastic; semi-deformable; few very fine fibrous roots;
few earthworm channels, 10% of which are coated with

organans as above,
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Profile 2 Longslade Bottom (SU 262008) .

Altitude: 40m 0.D, i

Slope: 1-5°, south west, concave S . Cwa
Erosion/Deposition: Dry stream bed 15m.away. . . . . . .. ..

Vegetation/Land Use: Permanent .grass grazing.

Horizon Depth (cm)

Apg

Ahg

BW(s):

bAhg

0-30/32 Very dark greyish brown (10YR 3/2) sandy

silt loam with common very fine and fine distinct
strong brown (7 5IR 4/6) mottles' stoneless~ moderate
medium coarse subangular blocky, moderately Qeak ped

and soil strength; not sticky; moderately plastics

semi~-deformable; many very fine fibrous roots; common

earthworm channels; clear smooth boundary,“
36/32-46/50 Dark greyish brown (10YR 4/2) ssndy

silt loam with horizontal yellowish brown (10YR
5/6-8) bands at 42 and 50cm; common fine and'medium
distinst strsng brown (7.5YR 4-5/6) mottles with clear
edges associated'mainiy‘with vsrtiqal root channels;
stoneless; weak medium subangular blosky; very weak
ped and soil strength; slightly sticky; moderately
plastic°>semi-deformable; common roots as abovej
earthworm channels as abovej abrupt wavy boundary.
46/50-56 Yellowish brown and brown (101R 5/4-3)
sandy silt loam- mottles as above° stoneless;
structureless, very weak soil strength; slightly
sticky; not plastls; seml-deformable; common very
fine fibrous roots; abrupt smooth bosndary.

56-69/75 Very dark grey (10YR 3/1) sandy silt loam
with few bleached sand grains; few very fine
distinctlstrong brown (7.5YR 5/6) mottles; stoneless;

massive; very weak soil strength; slightly sticky;
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2bBg

Profile 3
Altitude:
Slope:

Vegetation:

Land Use:

Horizon Depth (cm)

-

F,H-

Ah

moderately plastic; semi~deformable; few very fine
fibrous roots; abrupt wavy. boundary.. ot
69/73-82 + Light olive grey (5Y 6/2) flint gravel
with-coarse sandy loam matrix; common prominent coarse
strong brown (7.5YR 5/6) mottles,

Scrape Bottom (SU235018)°

R U TR SO IR

55m 0,D,

3.Sosouth’ Stré.ié‘}'llth ' - P e

Various grasses; Calluna vulgiris; Ulex ‘europeaus;’

Pteridium aquilinum,

Rough pasture

0-5 Very dark greyish brown (10YR 3/2); abrupt
smooth boundary o

5-17 Very dark greyish brown (10YR 3/2) humose

clay loam; few small subangular flints; weak fine
granular becoming moderate medium subangular blocky
at 9cm; moderately weak soil strength; slightly
sticky; moderately plastic; semi-deformable; common
very fine to medium fibrous and woody roots; smooth

clear boundary.

17-27 Dark brown (7.5 YR 3/2) sandy silt loam -

_ with common fine distinct strong brown (7.5YR 4/6)

mottles with clear edges; stones as above; moderate
coarse subangular blocky; moderately firm soil
strength; slightly sticky; moderately plastic; brittle;
common very fine to fine fibrous roots; few
ferruginous coats on root holes; smooth sharp

boundary.
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3bAhg 27-43 Black (10YR 2/1) humose clay loam; stones as
above; strong coarse subangular blocky; moderately
weak soil strength; slightly sticky; moderately
plastic; semi-deformable; few roots as above; smooth
_clear boundary,.

3bEb/Bw(g)  43-69 Dark brown to brown (10YR 4/3) clay loam with
common fine to medium distinct strong brown (7.5YR
5/83and 4/6) mottles with clear edges; stones as abovej
moderate coarse subangular blocky with common black
(10YR 2/1) organans on faces; moderately weak soil
strength; slightly sticky; moderately plastic; semi-
deformable; roots as above; smooth clear boundary.

4bBn/Bw(g) 59—65 Yellowish brown (10YR 5/6) sandy laom with
common medium distinct and prominent strong brown
(7.5YR 5/8) and yellowish red (5YR 4/6) mottles with
clear edges; abundant stones as above; moderate
coarse angular blocky with common organans (as above)
and sesquane on ped faces; moderately weak soil
strength; slightly sticky; moderately plastic; brittle;

roots as above.

Discussion

Profile 1 corresponds to soil subgroup 5.43, a gleyic brown
earth, and has a Bw horizon typical of weakly expressed. colluvial soils
(Avery,1980). The upper part of profile 2 also qualifies as a gleyic
brown earth, and the buried profile corresponds to soil subgroup 8.31, a
typical cambic gley soil (Avery,1980); Classification of profile 3 is
problematical because in  the subsgrgacg;horizonsvbf both the buried and
the overlying soils -there is evidence of translocation of organic matter,
iron and aluminium which has caused weak cementation, but the Bh

characteristics are not well enough expressed to allow the designation of



a Bh horizon. The buried profile has therefore been classed as a gleyic
brown ‘earth, albeit with weak podzolic features., The overlying
colluvium has no distinct E, B or C horizon'so is regarded as a deep

Ah horizon (Avery,;1980), = =~ '

In profile 2, weak stratification 'in the colluvium is evident from
horizontally trending gleyic features especially at 42 and 50cm, and
by a thin, lighter coloured B&(é) horizon ‘which was presumably derived
from less organic soil horizons further up sldpe. = Stratification is’
less'marked in profile 3, but-there aré a few horizontal lines ‘of coarse
sand that ‘were presumably derived ‘from the Platéau Gravel. In both
profilés 2 and 3 the depth and dark'colour of the Ap'and Ah horizons
are conspicuous, a common feature in-colluvial soils (Avery,i980).
Profile 1 shows no stratification, but this may have been obscured (and
in the Ap horizon of profile 2) by mixing during cultivation,

All three profiles differ from upper brickearth soils on
relatively stable terrace surfaces (e‘.'g-;*"Wilverly Plain, section 5.5.2)
in having no Bt horizon. Soils developed in late Flandrian colluvium
derived from loess in the Ngtherlands (Bolt et al., 1980) and Luxembourg

(Kwaad and Mucher,1976; 1979) also lack Bt horizons,

5.3 Summary and Conclusions

The 17 soil profiles described in this chapter illustrate the
diversity present in the brickearth and brickearth-derived soils in the
study area. In addition to the soil subgroups on brickearth described
by Fisher (19753 Chapter 2), this work has identified a stagnogley podzol
(paleoargillic), a typical paleoargillic brown earth, a typical argillic
gley (paleoargillic) and a paleoargillic stagnogley soil., In the upper
brickearth-derived colluvium a gleyic brown earth and a typical cambic
gley soil were recognised.

The morphology of the four upper brickearth profiles is very

similar to Hamble and Hook soils described elsewhere in southern Epgland.
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However, the increase in fine sand content with depth noted in three of
the @aar' profiles (and at many other sites) is unusual and indicates
that the upper brickearth may have a different depositional history to
similar deposits elsewhere in Britain

The profiles developed partly or wholly in lower brickearth are
more varied, perhaps reflecting their. longer pedogenic history. However,
the field evidence suggests that the lower brickearth can be divided into
two groups based on matrix and mottle colours: 1) greyish horizons with
common coarse reddish mottles,and 2) strong brown horizons in which fine
red mottles are rare or absent (table 5.2) Only, the Hordle Cliff deposit
is an exception to this classification as it has both a strong brown

colour and common coarse red mottles. o
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Table 020

Subdivisibnhdfyigﬁér brickearth deposits based on field evidence

‘Sites with greyish matrix Sites with strong brown matrix
and coarse red mottles - : - and rare or no fine red mottles
Beaulieu Heath o ~ Lepe Cliff
Tanners Lane ‘ SRR - Thorns Farm - -

.Holbury Gravel Pit(upper . . .Ocknell Plain S e

deposit )
e \ , Rockford Common -

- Holbury Gravel Pit (lower deposit )

Wootton Heath - - - - e
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CHAPTER 6

THERMOLUMINESCENCE DATING OF THE UPPER BRICKEARTH., -

6.1 Introduction

The evidence from the general field survey and the Sturt Pond,
Chilling Copse, Hook Gravel Pit and Wilverly Plain selected profiles
indicates that the field characteristics of-the upper brickearth-are’
fairly constant on all terrace levels, and its predominately brownish
colour suggests it has not been weathered in a’pre-Devensian period. This
may mean that the upper brickearth on all terraces could have a similar
origin and that it was deposited over a relatively restricted time period.
In order to test the latter point, the opportunity was taken to have two <
samples of upper brickearth dated by the thermoluminescence " (TL)- technique
recently developed by Dr. A.G. Wintle, Cambridge University. This
technique has been used widely to date archeological implements (Fleming,
1979) but has only recently been applied to sediments. The principles
behind the’ method can be summarised as follows: '"the TL dating of any
sedimentary deposit, whether marine or terrestrial, is based on the assumption
that exposure to sunlight during the weathering and transport of detrital
grains is sufficient to remove most of their previously acquired TL signal.
The TL signal in a mineral is due to the untrapping of electrical charges in
the crystal when it is heated, the trapped charges having been produced by
ionization due to the decay of natural radiocactive elements in the sediment.
The most common TL sensitive minerals are quartz and feldspar and these are
the dominant minerals present in loess" (Wintle, 19813 p.479). The method
has been applied previously to pre~Devensian loesses in the Soviet Union
(Shelkoplyas, 1974) and in Bungary (Borsy, et al.,1979).

6.2, Dating

" The two samples of upper brickearth chosen for dating came from the

46m terrace on Barton Cliff (SZ236929)Jand the 5m terrace at Sturt Pond

(see section 5.2.1)s These sites were chosen because of the probable
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large difference in the ages of the respective terraces. If the upper
brickearth was a fluvial deposit associated with the aggradation of these
tefréces‘(éé was éuggeéted by Kéen, 1980) a large difference between the
ages of the two samples would be expected.

. At the Barton site about 2m of upper brickearth lies directly on the
gravel and at Sturt Pond about 1.2m also lies directly on gravel. At both
sites a sample block of upper brickearth approximately O.O}m3 was taken from
the basal 0.5m of the section after cutting back at least: 0.25m., This
procedure minimised the possibility that the samples had been exposed to
sunlight. since deposition, |

The results are shown in Table 6.1. For comparison, 4 dates obtained
by Wintle for samples of loess from elsewhere in England are also shown.
Both samples of upper brickearth are dated to the Late Devensian period.
Although there is an apparent difference of 4,300 years between the two
dates, the experimental error of ¥20% means that they do not have significantly
different ages (Wintle, 1981). In conjunction with the field data, this is
strong evidence that the upper brickearth is all of Late Devensian age., As
the 5m terrace is unlikely to be younger than the Late Ipswichian/Early
Devensian transition (Brown et al., 1975) and the 46m terrace is unlikely to be
younger than the Middle Pleistocene (Roe, 1975), the upper brickearth at the
two sites (and elsewhere) was probably deposited long after the terraces
were aggra@ed. As the Late Devensian sea level was well below that of
the present (Dyer,1975) and there is no evidence that sea levels in the
study area since the Late Devensian were significantly higher than at present,
these TL dates suggest it is unlikely that any of the upper brickearth in
its primary position can be a marine or fluvial deposit. Only an aeolian
origin can explain its deposition over such a wide range of levels in the
landscape during the late Devensian.

The four samples of loess analysed by Wintle also gave Late Devensian
dates, confirming the age inferred for them by Catt (1978). Taking into

account the experimental error, these dates cannot be separated from thos.
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* TABLE 6,1

Thermoluminescence dates for upper brickearth and loess (after Wintle,1981)

Location Deposit 7L age (years B.P.)
1. Barton Cliff (Hampshire)  .upper brickearth 18,800 20%
2, Sturt Pond (Hampshire) upper brickearth 14,500i 20%
3, Pegwell Bay (Kent) loess 14,800?: 20%
4. Lizard Peninsula (Cornwall) loess 15,900: 20%
5. St. Agnes (Scilly Isles) loess 18,600 ¥ 20%
6. St. Mary's (Scilly Isles loess 18,600 '_" 20%
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for the upper brickearth, and'thé'similar ages of the upper brickearth and

the loess is further supporting evidence that the upper brickearth could be

aeolian .
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CHAPTER 7. -

POLLEN‘ANAEYSIS OF THE_COLLUVIUM AND BURIED SOILS.

T.1l Introduction

In ordér~to help date the periods of colluviation and burial of
the soils in the valleys around tbé*46m terrace, pollen diagrams were
constructed for the soil profiles described in Longslade Bottom (profile
2, section 5.2.14) and Scrape.Bottom (profile 3, section 5.2.14). The
pollen analyses and most of tﬁé‘sample preparation and interpretation of
results were carried oﬁt by Dr.'K.S..Eide, Institute of Archaeology, london.

As faf’és is'known, pollen analysis of colluvium haé not
previously been attémpted.in Britain, but it has been used successfully in
dating loess-derived colluvium in Iuxembourg (Kwaad and Macher, 1977; 1979).
Studying the effectiveness of pollen analysis in dating slope deposits,
Riezbos and Slotboom (1974) found that pollen diagrams of colluvium in
Luxembourg showed'considerable agreement with those from nearby alluvial
deposité and peét, and concluded that the degree of post-depositional
disturbance of the polleh was similar in both types of deposits. Thus the
analyses presented here should provide'a'réliabie history of the colluvium.
7.2 Methods.

Soil samples were extracted at Scm intervals from the base of the
soil pifs to the ﬁresent surface. Sub-samples were subjected to sodium
hydroxide digestion, hydrofluofic acid treatment and acetolysis to
extract the pollen, according to the methods of Dimbleby (1961) and
Smith (1966). The samples from 55 to 75cm inclusive in the longslade
profile and all the éémpies from the Scrape B&ttom profile still retained
a large amount of qﬁartz after these treatments, and this was removed by
flotation in a bromoform/acetone mixture (Moore and Webb, 1978). A

minimum number of 300 grains were counted
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from each sample, but those at 55, 65 and 70cm depth in the Longslade

profile contained too little pollen for interpretation.

7.3 Results and Discussion

7.3.1 Profile 2, Longslade Bottom.

The pollen frequencies are shown in Fig 7.1, The diagram is

divided into two pollen assemblage zones (P.A,Z.) (Cushing,1967), the

Gramineae -~ Corylus P.A.Z.lkand the Graminease -Calluna P.A.Z2. P.A.Z.1
corresponds to_}he buried soil. & -

a) P.A,Z.1

The absolute pollen frequency'(A.P.F.) rises to a peak at 60cm
approximately coincident with the buried surface identified.in the field
at 56cm. ‘The absence of Ulmus indicates that the vegetation was post elm=-
decline, which has been radiocarbon dated to 2900 years B,C, on the
Isle of Wight (Tomalin and Scaife,1980), The absence of Pinus indicates
that the soil was buried before the 18th century, when this species
was introduced to the New Forest and became an important component in
pollen diagrams for the areé (Tubbs and Dimbleby,1965). The presence
of Tilia suggests an eafly'éub-atlantic date (Tubbs and Dimbleby,1965),
and this is supported by the presence of Carpinus which first became
consistently common in pollen diagrams in southern Epngland around the
Late Bronze Age/early Iron Age transition at 550 B,C, (Pennington,1974)

The arboreal pollen content is 19.2 - 20.5%, and this is below
the level that has been taken to indicate that woodland was within
100m’ of the site (Tinsley and Spith,1974), particularly since the
abundant polléﬁ producer Corylus is dominant (Moore and Webb,1978). The
high éramineagﬁow arboreal assemblage in conjunctiéﬁ Qith‘dominant»}
Cdgxlus stronély suggests human interference in the vegefation (Havinga,
1974), The presence of Cerealia type pollen and arable herbs such as

CéﬁPOSitaé-ligulifibrae and” Cruciferae shows that cereal cultivation was
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practised nearby. Local pastoral agriculture is also indicated

in the herb spectrum, particularly by the presence of Plantago

lénceolata and Centaurea spp, excluding Centaurea cyanus (Salisbury,
1961).

b)'P.A.Z.2

The decline in A P.F, between 5-10 cm represents the normal
reduction in pollen content away from the present surface. A second peak
between 15-20cm may be due to inversion of the soil surface by recent
cultivation (Browning, 1951)." A third small peak in A.P.F. at 35cm
is beyond the zone of recent cultivation and may represent a former
surface (a temporary standstill in calluviation), though there was:no
field indication of this.

The arboreél pollen content has a range of 7.5 = 17.7%
between 5-35cm depth and a range of 22.8 ~ 41.1% between 40-50cm depth.
The high values between 40-50cm are indicative of ‘a'wooded site., This
could mean that woodland became re-established ‘on the site at the onset
of colluviation in P.A,Z.2, or more-probably that this phase of- -
colluviation:-stemmed from the expansion of ‘agriculture into wooded land
further upslope, so that arboreal pollen-rich soil was washed onto- the
valley bottom. As Corylus is the main arboreal component it is
possible that this was secondary woodland..

"~ Between 5-35cm, a second phase of colluviation is suggested~
by the low arboreal pollen content and the presence of a variety of
arable and pastoral-herb pollen. This indicates that the colluvium
accumulated while Longslade Bottom had an open vegetation and
agriculture was practised. The herbs present indicative of arable

agriculture include éomgositae spp;,"Cruciferae;RubiaceaeL

Umbelliferae, Chenopodiaceae and Polygonum. Pastoralism is suggested

by the presence of Plantago lanceolata, Centaurea spp (excluding

Centaurea qyanus) and Ranunculaceae,
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Pinus is present only in the top 25cm, so at least 30cm of
colluvium had accumulgted by the 18th century. It is not possible to
say how much colluvium has accumulated since that time as the Pinus
pollen will have been mixed into the top 25cm of the profile by recent

cultivation.

7.3.2 Pyrofile 3, Scrape Bottom

The pollen diagram for this profile is shown in Fig 7.2. Iy

is divided into two pollen assemblage zones, the Gramineae = Calluna

P.A,Z.1 and the Gramineae - Calluna P.A.2.2

a) P.A.Z,1
The peék in A.P.F, at-25=35cm confirms the field identification
of a buried soil surface. P.A,Z.l comprises all of the buried profile.

The absence of Ulmus and Pinus and the presence of Carpinus

and Tjlia provides the same evidence for dating as in P.A,Z.1 of the
Longslade Bottom profile, and also suggests a Late Bronze Age/early

Iron Age“transition date., The dominance of Corylus in the arboreal
pollen suggests secondary woodland was present nearby. However, aé

at Longslade, an open vegetation on the site is implied by the low
arboreal pollen content (11.4-19.3%) and the presence of Cerealia pollen
and agricultural herbs provides ample evidence of agriculture on site.

Arable herbs present include Compositae liguliflorae, Cruciferae,

Rubigée;e and Cheﬁoﬁbdiacea&. Herbs associated with pastoralism'include

Pléntago’lanceolata, Succisa, Centaurea spp. (excluding Centaurea cyanus)

Ranuncﬁlacéae and Papilionaceée.

b) P.A,Z.2 \

Values for A.P.F. are low throughout this zone and only rise
slightly towards the present éurface. These low values are probably
due to deposition of pollen-poor colluvium. The absence of
subsidiary A.P.F. peaks (in contrast to P.A,Z,2 at Longslade Bottom)
may indicate that colluviation occurred in a single phase,

The arboreal pollen content is fairly low (18.4-26.1%) and
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indicates an open vegetation. The(Ca”lluna. content in P.A.Z. 2(and
‘P.A.Z.l) is higher than in the Longslade Bottom profile and may
indicate that the pasture was poorer. There is no Cerealia type pollen
but many arable:and pastoral herbs are present which suggests
agriculture could have been practised nearby. Pinus pollen appears
only in the upper 15cm, so at least 1l2cm of colluvium had accumulated
by the iBth century.

7.4. Conclusions » , '

At both sites the burie@ sq;ls have”pollen assemblages that
suggest the soils were cultivated during the Late Bronze Age/early Iron
Age. Agricultural practi;es may have initiated colluviation soon
afterwards. Af Longslade Bottom this occurred in at least two phases
but at Scrape Bottom there‘is‘evidence‘for'onlyioﬁe. The herb spectra.
at both sites suggests that arable and pastoral agriculture may have been
practised during and after colluviation, but the almost complete
absence of Cerealia indicates that cultivation was less intense or

practised further‘from the sites in PtA,Z,l times. ,
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"CHAPTER 8

PARTICLE SIZE DISTRIBUTION

8.1 Introduction and Methods.

The determination of the particle size distribution (pe.s.d)
is one of the most popular methods of characterising soils and
sediments. It is useful in pedology to illustrate the effects of
weathering in changing coarser materials into clay and to show the
movement of clay in‘the"soil profile by illuviation. In sedimentology,
the p.s.d. can often be used in conjunction with stratigraphic and
geormorphological information to infer the environment of deposition
of a sediment, This is so with loess which shows a characteristic
concentration oi particles in the‘silt fraction,Tand with aeolian sand
which peaks in the fine or medium sand fraction., Particle size
analysis was therefore an important aspect of this study.

A1l samples of soil and sediment collected (>'160) were
analysed at 1¢ intervals between 9 and -1¢ (¢ = -1og2 grain diameter in
mm). This interval was chosen to facilitate comparison because most
published analyses of loess and aeolian sands use the ﬂ scale, A
few samples were analysed at’iﬁ interuals over a restricted range,
normally between 2-6¢,:in addition to 1§ analysis,

A dry sieving and{pipette’method was;used;qit isﬂdescribgd in
detail_in Appendix A, ktThe results for each‘sample.are éiven in‘ ‘
Appendix B.  As most of the analysed samples were collected within
2m of the surface~the clay content has probably been modified by
weathering and Jor translocation. Therefore, to allow a better
comparison between the silt‘and sand.contents of the sediments, the{v
p.s.d's were recalculated on a clay-free basis. The summary
statistical parameters mean (m), sorting or standani deviation (So),
skewness (Sk)’and kurtosis (k) were computed graphically from the
clay-free p.s.d's using the Hothamsted Genstat statistical package“

(Alvey et al., 1977). The mean values were calculated according
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MCammon's 97% efficiency method and sorting according
to his 8T7% efficienc& method (PﬁWCammon, 19625). Skewness was

calculated using Warren's (1974) formula and Kurtosis according to

Folk and Ward (1957).

8.2, Particle Size Distribution of Upper Brickearth

| This section describes the p.s.d's of the samples of
upper brickearth selected in_the topsoil survey by stratified random
point sampling (section 4.2.3,) and compares them with sediments from
elsewhere thought to have an aeolian origin,

The 71 samples ;f upper briékeér%h have a wide range of
p.s.d's. Silt contents range from 22,5 to 69.6% (samples 36 and 5),
mnd contents range from 18.1 to 69.1% (samples 31 and 8) and clay
contents range from 4.4. to 22.5% (samples 35 and 31). The upper
brickearth forms a continuum between these extremes of p.s.d., but to
illustrate the variatién,ﬁresent arbitrary subdivisions have been
made of samples with more than 60% silt (Fig. 8.1), 40-60% silt
(Fig 8.2) and less than 40% silt (Fig 8.3), all on a clay-free
basis. Of the 71 samples, 28% oécur?ed in category 1, 28% in
category 2, and 44% in category 3. T

Figs8.1 to 83 show that most samples are unimodal at 1y
resolution and that secondary peaks are relatively minor. A decrease
in silt content is accompanied by a gradual shift in the modal
diameter from about 6-5¢ to 4-3@ or more rarely 3-2@. This suggests
that most samples of upper brickearth are not a mixture of two
sediments (which would probably give a bimodal  p.s.d.), but a single
sediment whose mode varies over a fairly wide range. For the twelve
examples, mean size ranges from 4.89 to 3.27¢ and sortigg from
1,72 to 2}334 i.e. between poorly sorted and very poorly sorted using
the classes of Folk and Ward (1957)s The siltiest samples are very
slightly negatively skewed and the sandiest samples aré slightly

positively skewed (-0.08 to + 0.27), Kurtosis values vary between
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0,96 and 1.46, i.e. mesokurtic to leptokurtic. The near-normal
values for skewness and kurtosis may also indicate that most of the
upper brickearth was sorted as a single sediment, because Folk and
Ward (1957) suggest that non-normal values for these parameters
indicate mixing of sediments, Table 8.1 gives the range and mean of
the 4 statistical parameters for all 71 samples of upper brickearth,
Bivariate scattergrams (Briggs 1977) were constructed for the
various cqmbinations of ﬁhe parameters, but in no case were distinct
subgroups of point clusters evident; the upper brickearth forms a
continuum of textures between the extreme values of each parameter.

The siltiest samples of upper brickearth resemble loess from
many other parts of E gland (Fig 8.4.), but generally contain about
10% more very fine sand in the 4-3¢ range. For comparison, the loess
of Pegwell Bay, Kent is shown; it is far siltier than most other
English loess deposits and closely resembles much Continental loess
(Fig. 8.5). The appreciable quantity of sand in even the siltiest
samples of upper brickearth suggests that it might be classified as
sandy loess; but the p.s.d.'s do not conform precisely with the
description of sandy loess given by the INQUA Loess Commission
(Fink, 1976), this specifies that sandy loess is either bimodal
with peaks in the coarse silt and medium sand fractions or unimodal
with equal amounts of coarse silt, fine sand and medium sand (Table
3,1). The sandy loess of Essex fits the first of these descriptions
better (Fig 8.4.)

The sandiest samples of upper brickearth are comparable with
the aeolian silty sands of Somerset (Gilbertson and Hawkins, 1978a;
Findlay, 1965); these sands contain a little more silt and have a
modal size at least 0.5¢ finer than typical coversand such as is found

in Essex and other parts of Britain (Fig 8.6.)
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-

meansize (@) sorting skewness kurtosis
mean 4013 2.01 0.11 1014

range 2.92 to 5.09  1.66 to 2.44 =0.20 to 0.34 0.83 to 1.57

Table 8.1 Summary statistical parameters for the upper brickearth

*
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To investigate whether the textural variations in the
upper brickearth have a geographical association, the silt content
(clay-free basis) of the 71 topsoil samples and of the A horizons
of the described profiles at Ocknell Plain, Wilverly Plain, Tanners
Lane, Thorns Farm, Chilling Copse, Hook Gravel Pit and Lepe Cliff
(Table 5.1) were plotted on a map (Fig 8.7)e In the area enclosed
by the broken line (which approximates to the 40% silt isarithm) the
topsoils have a much lower silt content (mean = 34.1%) than the rest
of the area (mean = 60%): This may b;.taken to indicate that a
geographicai association exists, but comparison of Fig 8,7 with
Fig 8.8 shows that the variation in silt content may also be related
to the thickness of the upper brickearth, and the thickness dbes
va£y geographically, as discussed in section 4.3.1,

In Fig. 8.9a,b the silt content of the topsoils is plotted
against thickness éf the  brickearth. For those samples from sites
where upper brickéarth ov;riies gravel, fhere seems to be a positive
correlation of topsoil silt content and upper brickearth thickness, but
those samples from sites where upper brickearth overlies lower
brickearth-deviate frém the main distribution. The strength of
association between the two variables was measured using Spearman's
rank correlation metﬁod (Norcliffs 1977), omitting the data. from
sites where upper ﬁrickéarth overlies lower brickearth. A correlation
coeffiéienf (rs) of 0.66 was obtained which suggests a positive
relafionship doesmexiéf.’ The statistical significance of the
relationshj.;}:a:.ssessed using the Student's 't' test (Norcliff51977).
Adopting a one-~tailed gest at a significance level of 0,01, the value
of t (5.74) exceeds the critical value, so the relationship between
tops&il silt content and upper brickearth thickness is\significantwith
99% probability

The probable explanation for this relationship is that the
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Fig. 8.7 Percentage silt content (clay-free basis) at 20cm depth in

the upper brickearth. Dashed line approximates to the 40%
isarithm. ’
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upper brickearth increases in silt content (and decreases in sand
content) upwards in the profile, so that the deepest, least eroded,
goils have the greatest topsoil silt content, The fact that the
relationship is demonstrable with data collected over a wide area
emphasises the homogeneity of the upper brickearth and suggests that
the relative amounts of silt and sand being deposited at any one
time must have been fairly constant over the whole area.

The reason why“some thin‘upper‘b;ickearths over lower
brickearth deviate from the main distribution is unclear, but it could
be that silt rich lower brickearth has been mixed with upper brickearth
or that sandy upper brickearth was not d eposited at these'sites,“or
that some sandy upper brickearth was eroded before the siltier
material was deposited., .Most of the deviant sites occur on the high

(7 56m) terraces. . B .

8.3. Particle Size Distribution of Local Older Sediments,

As it is likely that older local sediments have contributed
material to the brickearth, the p.s.d's of samples of Plateau Gravel
and Tertiary Sand were determined for comparison. It wé;‘not
possible to sample all of the many Tertiary beds, so attention was
focussed on those beds that have fine sandy textures and which are

the most extensive near the surface in the study area.

8.3.1 Plateau Gravel,

All the samples examined have a prominent peak at 2-1g
in the sand fraction and one, at Lepe Cliff, has secondary peak at
0 to-lﬁ\(Figs 8,10 and B;il). In unaltered gravel the silt content is
always negligible, but in samples 125 and 140, which were taken from
near the brickearth/gravel boundary, silt is more important,
presumably due to mixing ;f the two sediments, The clay content of
the unaltered gravels is 3,6 - 7.4% but in samples 125 and 140 it~
increases to 15.3 = 28.6% The dominant sand fraction of the upper

brickearth, 4-3@' is .a minor constituent in the gravels, amounting to
P
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0.7 = 3.2% of the unaltered éampleé.

8.3.,2 Tertiary sands.;

The silt content of the three Barton Sand samples and two
Bracklesham Sand samples is 1.2 - 3,8% and the clay content 0.9 = 4.7%..
The sample of Headon Beds sand is finer than the others in that it
has 12,9% silt (maximum in the 5-4¢ fraction) and 17.5% clay (Figs. 8.12
and 8.13). Two of the Barton Sand samples and the Headon Beds sand
peak strongly at 4-3@, the main sand fraction in the upper brickearth,
The other Barton Sana sample and the two Bracklesham Sand samples peak
at 3-2@ and the Headon Beds sand also has a large content of sand in

this fraction,

8.4. The Sjtes Selected for Detailed Study.

In this section the main textural variations found in the
upper and lower brickearth at the.principal sites (Table 5.1) are

discussed.

8.,4.1. Sturt Pond,

The clay cont;nt in the profile varies from 15.8% in the Eb.
horizon to a maximum of 25.2% in the Bt horizon, which is probably
attributable to translocation between these horizons (Fig 8.14). On
a clay free basis silé content is lowest (71.5%), in the A horizon,
increasing to a maximum of 84.7% in the Eb horizon then declining to 73.1%
in the Bt horizon. All three horizons are thus in the siltiest class
of upper brickearth, - There is a broad 6-4@ modal diameter in the

A and Eb horizons, but this narrows to 6-5¢ in the Bt horizon.

8.4,2 Wilverly Plain.-

The claycontent‘in the profile varies from a value of
16.9% in the Eb(g) horizon to a maximum of 22,7% in the Btg horizon,

which suggests that, as in the Sturt Pond profile, clay has been
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translocated between the E and B horizons. , The sand content (on a clay-
free basis) increases steadily with depth; it is 35% in horizon 1,
37.T% in horizon 2, 45.3% in horizon 3 and 78.1% in horizon 4 (Fig.8.
15). The large increase in sand contént betweén horizons 3 and 4
marks the lithologicai discogtinpié& referred to in the profile
description (section>5.2.22., Thu§>thevupper;br;ckearth here changes
in character from the siltiest class (more than 60% §ilt) to the
sandiest class (less than 40%)§1lt),in vertical sequence, confirming
the trend suggested by the topsoil survey.

In horizons 1 and 2 there is a broad mode between 6-3@, just
peaking at 5-4f. In horizon 3 there are two peaks at 6-5@ and
4-3¢ which is unusual for the upper brickearth and suggests a

mixture of two sediments., - In horizon 4 there is a single prominent

sand peak at 4-3@,

8.4.3 Chilling Copse and Hook Gravel Pit.

In The Chilling Copse profile (Fig. 8.16) clay content is at
a minimum of 16.6% in the Eb horizon and peaks at 23.3% in the Bt
horizon. At Hook (Fig. 8.17) clay content is at a maximum of 23%

in the 2Eb/Bt horizon which emphasises the transitional nature of

the horizon.

B

S

In terms of total silt coﬁténk‘(clé&-free basis), horizons
1 to 3 at Chilling are very similar with silt contents ranging
from 85.2% at 0-16cm to 88.3% at 39-49cm. This very slight fall
in silt content towards the surface within the very silty upper
horizons reverses the normal trend for the upper brickearth and is
similar in magnitude td that between horizons 2 and 1 at Sturt Pond.
The Chilling profile is the thickest that has been.  described énd, Frue
to the general trend, its uﬁper horizons cohfain the most silt.

Horizon 3 contains on;y about 5% less silt than the loess of
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Pegwell Bay, Kent (Figf 8.5), and the p.s.d. of this horizon
would allow its classification as typical loess (Fink, 1976). There
is a shift in the modal size from 5-4¢ in horizon 1 to 6-5¢ in
horizons 2 and 3, a similar trend to that found in the Sturt Pond
and Wilverly Plain profiles. Horizons 4 and 5 contain about four
times as much fine sana (4—é¢) than the horizons above, and they peak
at 4-39.

All three horizons of the Hook profile are quite sandy.
Horizon 1 has a similaf’p.s.d. té hgfi%on; 4 and 5 at Chilling,
though it contains more 6-5¢ silt. Horizons 2 and 3 resemble each
other, containing 67.4% and 74.8% sand respectively (clay free basis),
and they are similar to'aeolian silty sand (Fig. 8.6.). These
horizons also resemble horizon 4 in the Wilverly Plain profile, but contain
slightly more 5-4¢ and 3—2¢“§and. The méin sand peak is at 4-3@
throughout the profile, as at Sturt Pond, Wilverly Plain and Chilling

Copse.

8.4.4 Beaulieu Heath.

The sand content (clay free basis) of the upper brickearth
increases from 47.1% to 61.2% between horizons 2 and 3 aﬁa falls
slightly to 59% in horizon 4 (Fig. 8.18). In these three horizons
there is a main peak at 4-3@ in the sand fraction and a secondary
silt peak at 6-5¢@ ‘ihug the upper brickearth here is bimodal with
the same peaks as in horizoﬁ 3 at Wilverly PLain.

In the lower brickearth clay content increases with depth
from 23.6% in horizon 5 to 4l1.1% in horizon 8 (Fig. 8.19). The
sand content (clay free basis) is variable, rising from 56.2% in

horizon 5 to 72.2% in horizon 6 (where sandy loam pockets were noted
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in the field description) and falling again"to 54.4% in horizon 8.
Throughout these horizons the mode is 4-3@, as in the upper brickearth.
The p.s.d. of bulkéd samples from each of the horizons in the lower
brickearth here is misleading because they include material from the
sandy pockets or sand-filled fissures within the horizons. For this
reason sand from a fissure penetrating horizons 7 and 8 was collected
and analysed separately. In common with all other horizons in the
profile this sand has a large 4-3p peak: the ratio of 4-3@¢/3-2¢ sand
js 1.03, compared with a range of 1.34-1.44 in the upper brickearth
and 2.10-2.91 in the bulk samples of lower brickearth. In this respect,
therefore, the sand in fissures is different from thatAin both the
upper and lower brickearth but most like that in the upper brickearth.
Given that some of this sand is incorporated in the bulk samples of
lower brickearth, then because éhe p.s.d's of the bulk samples show

a more than doubled 4-3@/3-2¢ ratio;~£he‘main bulk of lower brick-
earth (freed from this sand) must contain a high proportion of

4-39 sand.

8.4.5. Lepe Cliff

The sand content (clay ffee basis) increases from 33.1%
in horizon 1 to 45.0% in horizon 3 in the upper brickearth, and the
samples are unimodal, peaking at 4-3@ in the sand fraction. (Fig.
8.20). The upper brickearth tﬁus has similar textural characteristics
to that in the Sturt Pond, Wilverly Plain, Chilling Copse and Hook
Gravel Pit profiles.

The lower brickearth has a clay content of 37.4% and a very
low sand‘confeﬁfu(éla&hf}eé basis) 6f 9.7%.F ' The p.s.d. is bimodal
with a major peak at 7-60 in the silt fraction and a minor secondary
peak at 2-1¢ in the sand fraction. The latter is the same as the
main peak in the Plateau Gravel (Figs. 8.10 and 8.11) from which the

sand could thus have been derived. The silt peak is finer than in
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any upper brickearth sample. fﬁé*fofal silt content (clay free

basis) is 90.3% which suggests the material could be loess.

£

8.4.6 Thorns Farm -4

The upper brickearth is very sandy throughout its depth, and
sand content rises to a peak of 80;1% (clay free-basis) in horizon
4 (Figs 8.21 and 8.22). Horizons 1—42a;é unimodal, peaking as
usual at 4-3@, but horizon 4 is different from the others due to an
increase in 3-2¢ sand. The ratio of 4-3@¢/3-2¢ sand in horizons
1-3 is 1.88-2.14, but is 1.23 in‘horizon 4. A large content of
3-2¢ sand was also found in the matériafufiliing fiééufés in the
lerr brickearth at Beaulieu Heath, and it is noteworthy that sand
from horizon 4 penetrates fissures in the lower brickearth here.

The sample of lower brickear%h from horizon 5 at 85-100cm did
not include any sand occupying fissuré%. It has a high clay\content

of 33.4%, a small silt peak at 7-6¢ and a larger sand peak at
2-1¢: The latter peak is probably ;ué tg the incorpo;atibn Sfﬁéand

from the Plateau Gravel. Although the overall form of the p.s.d. curve
is different, the two peaks are at the same position as in the lower
brickearth at Lepe Cliff. The lower brickearth sampled'at‘120-150cm
included sandy material occupying a fissure. The clay cohtent, at
26.7% is lower than in the horizon ébove, and the sample is

unimodal, peaking strongly at 4-3@,. probably due to sand from the

fissure.

8.4.7 Tanner's Lane . o

The sand content (clay free basis) in the upper Brickearth
increases from 61.5% in horizon 2 to 79.6% in horizon 3, and boﬁh '
horizons have the normal 4-3¢ sand peak (Fig 8.23). 1In horizon 2
there is a very small seco;haéy éllt peak at 6-5¢ (in common .with

horizons 2-4 at Beaulieu Heath and horizon 3 at Wilverly Plain),

but this has "disappeared in horizon 3. ] 94
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The lower brickearth has a very high clay content of 44.5%
and has a peak in the silt fraction at 7-60 and in the sand
fraction at 2-1@¢, the latter indicating a contribution from the

Plateau Gravel.

8.4.8 Ocknell Plain.

W

The upper brickearth in hﬁrizon 3 has a very high silt content
of 81.4% (clay free basis) and ié unimodal, peaking in the 6-5@ range.
There is also a large quantity of“5—4¢réilt“ éﬁd,‘unusuallylfor the
upper brickearth, of 7-6@ silt also (Fig. 8.24 ). 1In common with
other samples of upper brickearth from the high level terraces there
is less sand at the junction with the lower brickearth than at most

sites on the lower (£56m) terraces (section 8.2.)

The lower brickearth has ; very high clay content of 44.3% in
horizon 5 increasing to 48.1% in horizon 6. Both samples are
unimodal and peak at 6-5¢ in the silt fraction. On a clay free basis
horizon § has 85.1% silt and horizon 6 has 75%, which suggests they

could be composed of loess.

8.4.9 Calveslease Copse

Horizons 1 and 2 in the.brownish undifferentiated brickearth
(section 5.2.9) have almost idenpical p.sﬁd's. They are unimodal
with a very large peak (57.1% in horizon 1 and 58.9% invhorizon 2)
in the 4-3p fraction, the main sand peak in most upper brickearth- .
samples. The clay content is é;ite . high for such sandy sediments,
14.9% in horizé&é 1l and 16.7% iﬁshorizon 2 (Figs. 8.25 and 8.26).

Horizon 3 in the strongﬂ brown undifferentiated brickearth is
texturally very different from the two horizons above. ~ The clay
content, 25.3%, is much higher and the modal diamenter, 5-4@, is
finer, though_ﬁhereé*is»glgorﬁ relatively large amount of 6-5¢

A

silt and 4-3¢ sand. The overall shape of the distribution
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resembles some - upper brickearth samples (e.gf Wilverly Plain
horizons 1 and 2), but the clay content is’slightly higher.‘ The total
silt content (clay free basis)is 70.9% which suggests it could be
derived from loess. .

Horizon 4 consists mainly of medium and coarse sand and peaks
in the 2-1¢ fraction, indicating that it is derived mainly from the
Plateau Gravel. However, there is more 4-3@ sand, silt and clay

than in the Plateau Gravel, which suggests it has been mixed with

material from another source.

8.4.10 Rockford Common Gravel Pit.

Horizon 2 in,the undifferentiated . brickearth and horizon 3 in

the lower brickearth have very similarly shaped p.s.dgjs,

oy

as indicated in the field description (section 5.2.10).

The main difference between the two is the clay content, which
is 6.7% in horizon 2 and 16.5% in horizon_S;,this may reflect clay
translocation from horizon 2 to 3 (Fig 8.27). Both horizons have a
large 3-2p peak and horizon 2 also has a sllght shoulder at
5-40. The .3-2@ peak is unusual; it was only found in three samples
of upper brickearth (samples 10, 34,¢and 63) and one other sample of
lower brickearth (at Hordle Cliff). 1In each of these samples, the
peak was far less pronounced. It is noteworthy that the
Bracklesham Sand which underlies the Plateau Gravel at this site, also
peaks at 3-2¢ (Fig. 8.13). Aeolian sand from Essex (Fig. 8.6)
has a similar p.s.d. to horizons 2 and 3(although the latter
contain slightly more silt), so both horizons could be composed
mainly of aeolian sand.

Horizon 4 has the large 2—1¢ peak typical of Plateau
Gravel, but the‘clay content at 29 0%, is far larger than ue;al
and reflects the amounts of illuvial clay in the horizon noted in

the field description (section 5.2.10).
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8.4.11 Holbury Gravel Pit

The lower brickearth in horizon 1 has the very large clay
content of 43.0% and is bimodal, with a peak at 6-5¢ and a,Llesser one
at 4-3p (Fig. 8.28). The clay conteﬁt-iﬁ ;;rizgnlanis much smaller,
at 23.7%. This horizon has twg peaks in the silt fraction: a
major one at 6-5¢ and a lesserpone at 8~7@. The sand content (clay

free basis), at- 35.0#4, is highéf‘thaq in horizon 1 (20.5%) but the

dominant fraction is the same, at 4-3¢.

]

8.4.12 Hordle Cliff

The lower brickearth in horizon 2 has a fairly high clay content
of 28.7% and is bimodal with peaks at 5-4¢ and 3-2¢ (Fig. 8.29). No
other lower brickearth samples Qith this céﬁbinagion 6f peaks was
found. _

8.4.13 Wootton Heath %t

Horizons 1 and 2 have very similar p.s.d's with a single large

peak at 6-5¢ and fairly high clgy contents of 20.7%*and 24.3%

~

®

respectively (Fig. 8.30). The simi}aritywbétween the two suggests
there is little or no upper brickear;h éontained in h;;izon‘l. -
The form of the silt distribution and the .'peak at 6-5@ in the two
horizons is very similar to the lower brickearth at Ocknell Plain

and the silt content (clay free basis) is about the same, so this
lower brickearth could also be loess. In horizon 3 the clay

content increases to 28.1% and the sand increases (clay free basis) to
41.9%, causf%g:aféhift*iﬁ‘tﬁe“ﬁ6éai diameter to 4-3p. ' This is -
similar to the trend found in the lower brickearth at Thorns Farm,
where the increase in sand is known to be due to the incorporation

of sand in fissures.

8.4.14 The Colluvium around the 56m Terrace

3 a)f Profile 1 (Longslade Bottom)
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All three horizons are sandy and sand content increases with
depth from 48.3% in horizon 1 to 77.8% iﬂ ;orizon 3 (clay free
basis). All three horizons ' peak at 4-3p (Fig. 8.31), in common
with the Barton Sands which underlie this site (Fig. 8.12) and
many upper brickearth samples. The coarse sand content &also
increases with depth, probably due to an increasing influence of
material from the Plateau Gravel.  The clay content is 15.4% in
horizons 1 and 3 and 12.2% in horizon 2, supporting the field
identification of weak Eb characteristics in horizon 2. The
overall shape of the p.s.d's i;-;éther like the moderately sandy
upper brickearth, from which they could be mainly derived.

"

b) Profile 2 (Longslade Bottom)

Horizons 1 and 2 are very similar to horizons 1 and 2 in
profile 1, which suggests a common source. Horizon 3 has a
slightly increased 5-4¢ silt content and has less coarse sand
(Fig. 8.32) which probably indicates a derivation f;om siltier
upper brickearth. Horizon 4 resembles horizons 1 and 2 but has
a greater coarse sand content which suggests, that like the basal
horizon of profile 1, there is a significant contributioﬁafrom
the Plateau Gravel.

c) Profile 3 (Scrape Bottom)

The sand content increasesrwith depth from . 31.2% in
horizon 2 to 59.5% in horizon 7 {(clay free basis). In horizon 2
there is a silt peak at 6-5@ but this diminishes with depth.

In contrast, the main sand peak, at 4-3@, is established in
horizon 3 and becomes more prominent with depth (Fig. 8.33). These

trends are not interupted over the colluvium/buried soil junction

which suggests that the source of the sediments was not changed

\
PR IR X

=

significantly‘éfter the buried soil developed. The for& of the

p.s.d. curve in horizon 2 resembles that in horizon 2 of the nearby
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.Wilverly Plain . profile (Fig,8.15) and horizon 3 resembles horizon
3 at Wilverly which suggests the two horizons could be derived
from upper - brickearth of ‘this character. The other three
horizons also have p.s.d's resembling upper brickearth but they
lack precise ‘textural equivalents in :the Wilverly profile. As
in profiles 1 and 2 the coarse sand content is at a maximum in

the basal horizon, suggesting a contribution from the gravels.

¢

8.5. Detailed(%@) Particle size Distributions.

8.5.1 Introduction

The partlcle size analyses of selected samples of upper
brlckearth were repeated at /¢ resolution over a restricted range
(mainly 6-2¢) to~g1;e a more accurate estlmate of the pos1t10n of the
silt and sand modes than the l¢ analyses could provide. To test
whether the‘ncdes change in vertical seduence, four samples.were
analysed from the thickest dpper brickearth profile at Chilling
Copse, as well asythree from tne Hook érarel Pit profile and two
each from the Sturt Pcnd‘and Wilverly Plain profiles. Two topsoil
samples with a htgh silt ccptent; were also analysed:‘ sample 29,
Hollybushﬁanﬁamisaqﬂe. 21 Chewton Common. The very silty
upper brickearth in the Ocknell Pla1n profile was analysed to
compare it with sanples from the lower terraces. Lower brickearth
samples from the Ocknell Plain and Lepe Cliff profiles were
analysed for conparlson with each other as they have very similar
fleld characterlstlcs. Fcur samples of very sandy brlckearths-
from horizon 4 in the npper brickearth at Thorns Farm, sand frcm
a fissure in theAéeaulieu Heath profile, and the undifferentiated
brickearths from horizon 2 at Calveslease Copse and horizon 2 at
Rockford>Common - were analysed to compare their peaks with each
cther and witn the‘sand fraction of less sandy.upper brickearth.

Three samples of Tertiary sand which the 1¢ analysesd indicated were
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most likely to have contributed to the upper brickearth were also
analysed - Barton Sands from Barton Cliff and Longslade Bottom and
Headon Beds sand from Hordle Cliff. No Plateau Gravel samples

were analysed because the 1§ anaiyses suggests relatively little fine

sand in the brickearth can have come from this source.

8 .5.2. Results

TN

In the Chilling Copse profile (Fig. 8.34), horizon 1 has a
single prominent silt peak at 26-31ym and two minor sand peaks at
125-150pum and 180-210pm. In horizon-3 the 26-3lum |peak is still
dominant but there 1is more coarser silt and a secondary 63-75um peak
has appeared in the sand fractionf In horizon 4, this 63-75um peak
is now do&ihéng; although the 26-3;pm peak is still present there is
now almost as much silt in each of the four 31-63pm fractions. In
horizon 5 the form and position of the éand peaks is almost
identical to horizon 4 but the silt curve has changed markedly:
the 26—3%pm peak has been replaced by two peaks at 31-37um and 44-53um.

In horizon 1 of the Hook Gravel Pit profile the position of
the peaks is identicallto those ih horizon 5 at Chilling Copse
although the relative proportions of material in each peak is slightly
different (Fig. 8.35). In partiéulér the 63-75pm peak is less
prominent and the 125-150 peak is more so. In horizon 2 the 125-150um
peak has become dominant and the silt content has diminished relative
to the sand so that no distinct silt peaks are evident.

In the Wilverly Plain profile (Fig. 8.36a) horizon 2 has an
almost identical series of peaks to horizon 1 at Hook Gravel Pit and
horizon 5 at Chilling Copse. The only difference is that there is
a 105-125pm peak instead of one at 125-150um, although there is an
almost equal amount of s;;d in both fractions. In ﬁorizon 4 no

o SR Al e s riz l
distinct peaks are~visible in the silt fraction as in horizon 3 at
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Hook Gravel Pit. In the sand fraction the 63-75um peak 1is now secondary
to others at 125-150pm and 90-105um; the first two of these are the
same as in horizon 3 at Hook Gravel Pit.

At Sturt Pond, horizon 1 is most like horizon 3 at Chilling
Copse, but the sand content is greater and the silt peak is slightly
finer at 22-26um (Fig. 8.36b). In’horizon 3 the silt curve has
flattened (as in horizon 4 at Chilling) so that no distinct peak is
visible, and the 63-75pm sand peak is amplified.

The Hollybush Farm sample has a similar form and identical
set of peaks to horizon 1 at Sturt Pond (Fig. 8.37a). The Chewton
Common sample has an identical set of peaks to horizon 4 at Chilling
Copse, but the form of the curve differs sligh£ly because tﬁere ;is a
substantial fine 'tail' to the 63;7§pm peak in the 53-63pm fraction.

The upper brickearth in horizon 3 of the Ocknell Plain
profile has a prominent 26-31pm peak and minor 125-150um peak as in
horizon 3 at Chilling Copse, but the fine sand 63-75um peak is absent
and is replaced by a very coarse silt 53-63um peak that is not
present in any other upper brickearth samples, although the 53-63um
'tail'.MAin the Chewton Common sample may have a simila} origiﬁ
(Fig. 8.37b). Thévlower brickearth at this site is very different
from the upper brickearth and has silt peaks of equal size at
22-26pm and 37-44um and a secondary 63-75pm sand peak (Fig. 8.37b).

The lower brickearth at Lepe Cliff (Fig. 8.3% ) is
different from that at Ocknell Plain and has a minor 53-63um peak
and a very fine quinant,13-16pm peak.

The sand found in fissures at Beaulieu Heath has three
peaks - 63-75pm, 125-150pm, and 180-210pm - at the same position
as in most upper brickearth samples (Fig. 8.38). However, the
125-150pm and 180-210pm peaks are much larger and the 63—7§pm much
smaller than in the nearest upper brickearth equivalent, horizon 3

at Hook Gravel Pit. It is noteworthy though, that the trend
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towards the base of the Hook Gravel Pit and Wilverly Plain profiles
was for the 63-75um peak to diminish and the 125—15me and 180-210pm
peaks to rise. In the very sandy upper brickearth in horizon 4
at Thorns Farm the 63-75um peak ‘'is not present - perhaps as a
continuation of this trend - and the 125—15Qﬂm and 180-210pm .peaks
are well defined. The same three peaks are'present at Rockford
Common, horizon 2, but the 180-21Qym peak is'dominant, unlike any
other sample. Horizon 2 at Calveslease Copse has the 63-75pum
peak, but the dominant peak is at 90-105um which has only been
found elsewhere in horizon 4 at Wilverly Plain .

Only the Headon Beds sand of the threévTertiary Sands
analysed has a 63-75um peak, and the dominanf peak is at 105-125um
in this sample (Fig 8.39). The two Barton Sands samples are
unimodal; one peaks at 105-125um and the other at 90-10§pm. The
latter sample was collected near the Wilverly Plain profile,

horizon 4 of which also has, unusually for the upper brickeartha

a 90-105pm peake.

8.6 Summary and Conclusions

The upper brickearth varies in particle size distribution
from that of typical loess, to aeolian sand. The majority of
samples are unimodal at 1§ resolution and have approximately normal
profile distributions which suggests that the various size
components were deposited cantemporaneously by a single sorting
agent — probably the wind.

The silt content of the topsoils is positiveiy.correlafed
with theuﬁotalhyhickness pf the upper brickearth. \ Samples taken
verticaliy fhroﬁgh thick sections in upper brickearth sth that this
is due to an increasing sand content with depth. Other more subtle

changes in the relative proportions of the various size fractions

occur with depth and many of these are repeated in profiles separated

222



" x| BARTON SAND: LONGSLADE

154

I A~
53 g3 75 gg 185 |54 150 14p 210 50p
algrons

Wt X

o5 | BARTON SAND: BARTON CLIFF
b1 g
25
20

1sr

2 I N PO
53 ¢y 7?5 gp 125 1es 15@
microns

100 212 a5

Wy X
s

| HEADON BEDS: HORDLE CLIFF
s}
ast

20

183 |aq 152 ;g 219 230
sicrons

¢3 75 s

Fig. 8.39 % phi analysis of Tertiary sand samples.

223



by quite large dastances. An almost'cémplete range of bhahges can
be followed tﬁfbugh the thickest described prbfile, at Chilling Copse
and the lower two horizons at' Hook Gravel Pit.’ The changes found
in the lowérmosf horizons at Hook may also be present at Chilling,
but unfortunately the lowermost 30cm of the Chilling profile was not
sampled."< In summary, the main chénges found at 1¢ resolution were
as follows: 1) The modal size in the silt fraction shifts from
5-4¢ to 6-50 with depth in the siltier (* 40% silt) upper
brickearth. 2) The 4-3¢ sand fraction increases in prominence :with
deptﬁ. 3) A decrease in the ratio of 4-3/3-2¢ sand was found at
the base of the Jppér brickearth at Thorns Farm and this 'is
repeated in the sand in fissures in the Beaulieu Heath profile,
which may thus be derived ffdmkupper brickearth.

At %¢Vresoldtian the upper brickearth is shown to be polymodal.
Nearly every éample'shows‘thé same three peaks in the sand fraction,
at 63-75um, 125-150pum and 180-210pm. With depth, the 63—7§pm peak
at first increases in prominence but is then exceeded by the
125-150pm peak. In the Wilverly Plain profile there are also
peaks at 90-105um and 105-125pm.

In the silt fractions, the very silty samples all have a single
peak at either 26-31pm or 22-26pm - except at Ocknell Plain where
there is an additional 53-63pm peak. With depth (in moderately
silty samples) this peak diminishes and is eventually replaced
by two at 31-37 and 44-53um. No silt peaks are resolved in the
sandy basal horizons of the upper brickearth. The 26-31pm peak
is consistént with the known westward decrease in the modal size
of Late Devensian loess due to the winnowing effect of .
easterly pefiglacial winds (Catt, 1977), but the 22-2§Pm peak is

perhaps slightly finer than expected.

224



The lower brickearth as exemplified, for example, by the
deposits at Tanners Lane and Thorns”farﬁ‘usually has a much higher
clay content than the upper brickearth. However, there are
few consistent trends in its particle size distribution and this.is
probably because the constituent sediments have a diverse origin.
and postedeposit;onal history. Some . samples, especially those -
from Ocknell Plain, Lepe Cliff, and Wootton Heath, have as large a
silt content (clay free basis) , !:as typical loess..

Of the possible local source ' sediments, the Tertiary .

Sands seem on the basis of p.s.d., likely to have been the most
important contributor to the upper brickearth. . The %@ sand modes

in the upper and:lower -brickearths may be a reflection of common

modes in local source sediments, as 63-75, 90-105, and 105-125um peaks
were found in the three Tertiary sand samples analysed. However,

it was not possible to determine whether all 'of the brickearth modes

occur in older sediments.

225



CHAPTER 9

MINERALOGICAL STUDIES

9,1 General Introduction and Methods,

As outlined in Chapter 3, mineralogical techniques have been
used extensively in Britain and abroad to identify and characterise
loess and other aeolian sediments,. .. Apart from some clay mineralogy
(Fisher,1975) there has been no detailed mineralogical work on the
brickearth of South Hampshire, - It was therefore decided to make a.
detailed mineralogical study to use with particle size analyses in
determining the provenance of the brickearth.

In general,.clay mineralogy is a less useful -indicator of
the provenance of a sediment than the mineralogy of the coarser (éﬁm to@2mm)
fractions because clays are more susceptible to weathering and diagenesis
and fewer mineral species are identifiable (Catt and Weir,l976).
Attention was thus focusséd on the silt and sand fractions of the
brickearth. The“particle size range of‘the fractions to be studied
can hsve an important influenccyon results because a large range may
include materials of difierent particle size classes derived from more
than one souice aﬁd bscause some minerais occur preferentially within
cerfain size rangesi Ideally, toe mineralogy of each of the main size
classes identified from particie size analysis (Chapter 8) would
hase beeoystudied buf time did not permit this,‘so two ranées encompassing
the main silt and sand peaks in the brickearth were selected, 6-4¢ and
4-2¢ The separation is thus into the fraction most able to be carried
far by wind (6-4¢) and a fraction largely beyond aeolian transport |
in suspension (4-2¢)-

The two frscfio;s were separated into light and heavy
minerals for analysis, as described in Appendix C. Because of its
platy habit, some chlorite grains tended to float in bromoform causing

incomplete separation from the light minerals, Also, in some samples
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(mainly in the 4-2f fraction) chlorite -grains tended to split into
individual plgtes when -being spread on glass slides for counting., Counts
of this mineral are therefore less reliable than the others, but they
have nevertheless.been retained in the data sets because of the
suggested geographical variation of chlorite in Late Devensian loess
in England (Catt,1978). ~ Collophane was recognised in many samples, but
was not included(in\the‘minerél‘counts because it may have been added to
agricultural-topsoils. in bone fertilizers. At least 1000 gréins were
counted for.each.of the non-opaque light and heavy fractions in both
the 4-2f and 6-4f ranges.

» The results for each fraction are tabulated as parts per
thousand. Tﬁe ievgl‘of*accurécy of these counts can be gauged from
the sténdard‘érrof thch is calculable for each mineral species as
follows:~

S.E. = . Q9
e, . n

where p% = estimated percentage of a pineral,cl% = estimated

percentage of other minerals (i.e.,100-p%) and n = number of grains
counted (Gregory, 1963). .Thus in a count of 1000 grains, the true
content of a mineral estimated to comprise 60.0% of the sample is within
the limits 56.9% to 63.1% with 95% probability (2 2 o). Asa
percentage.of the estimated content of a mineral, the standard error
increases with scarcity (Dryden,1931). }

A similarity analysis of the mineralogical data was made by -
multivariate methods using the Rothamsted Genstat statistical package,
(Alvey et al.,1977).. Each mineral was given equal weight by adjusting
the amounts to a scale from O to 1 corresponding to the percéntage range
of the mineral in all samples, Similarities between all pairs of .
samples were then calculated by the formula:

. pl
Sij =1 i

[X ik - X gk ]

Pl
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where S5 is the similarity between samples i and j in mineral K,
Xik is the adjusted value for mineral X in sample i and pl is the
total number of minerals. The matrix was used for principal co-
ordinates analysis (Gower,1966) in which the distances in multidimensional
space between samples are presented two-dimensionally using co-
ordinates in the dimensions accounting for the greatest variability.

The results of the mineralogioal stndies .are presented in two

parts; part 1 concerns the fine sand (4-2¢) fraction and part 2

concerns the coarse silt (6-48) fraction.

PART 1

The Mineralogy of The Fyne Sand Fraction

9.2, The Upper Brickearth

This section describes the fine sand mineralogy of selected
samples from the topsoil survey (Chapter 4) and compares them with
samples of Tertiary Sand and Plateau Gravel. Seventeen topsoil samples
were selected to give a.fairly even spread over the mapped area of “
the upper brickearth‘(Fig 9.l), and an additional sample from a Bt
horizon at Barton Cliff was also analysed (Sample 73).

,Qualitatively, all”the samples are very similar, the only.
differences .being inﬂthe presence or absence of some minor minerals
(Table 9.la, b).The mineralsuites are dominated by'quartz (85.7=95.2%)
with lesser amounts of alkali feldspar (0.9~9.9%) and £1int (1.3-4. ¢%)
and minor amounts of muscovite, glauconite and heavy minerals. The ’
heavy fraction is composed mainly of tourmaline and zircon with lesser
amounts of rutile (yellow, brown and red), epidote, staurolite, kyanite
zoisite, clinozoisite, garnet (pink and colourless) and chlorite and
minor amounts of hornblende (brown and green), tremolite (inoluding
actinolite), anatase, brookite, andalusite, monazite, biotite, sphene,

spinel and vivianite,
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Fig. 9.1 Iocation of sites from the topsoil survey chosen for

‘mineralogical analysis.
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sample number: M1 7 10 4 23 24 29 31 37 52

Light minerals

quartz 914 907 927 952 913 885 907 917 907 921
alkali feldspar 62 72 52 9 66 99 69 70 76 47
flint B 23 20 21 39 20 15 24 13 16 31
muscovite - 1l - - 1 1 - - - -
glauconite l - = = = - = = 1 1

Heavy minerals

tourmaline . 364 359 225 402 418 369 438 396 335 356

zircon 261 263 454 354 187 239 158 209 253 287
brown rutile 18 19 14 27 11 10 15 16 20 21
yellow rutile 54 40 96 40 54 51 49 37 63 66
red rutile 8 9 7 10 8 11 5 7 9 10
pink garnet 1 3 - 1 1 - 1 - 3 1
colourless garnet 25 22 21 2 37 21 27 32 34 32
green hornblende 2 - - - - 3 - - 1l 1
brown hornblende - - - - - - - h - -
kyanite 34 33 32 40 33 17 34 37 42 27
staurolite 45 50 35 34 48 38 56 27 46 36
clinozoisite 35 36 15 13 48 47 33 37 47 40
zoisite ‘ 23 36 15 3 24 23 29 21 33 18
epidote 91 112 82 60 98 111 99 95 90 90
anatase 4 4 - 3 2 6 2 8 5 5
brookite l 1 1l 3 1 2 1 3 2 1
andalusite 1 3 - = 1 =- = 3 - 1
monazite 1 1l - 1 - - - 1 - 2
chlorite 31 9o 3 4 27 49 52 68 16 4
biotite - - - - - 1l 1l 1l - -
tremolite 1l - - - 2 2 - 1l 1 -
sphene - - - 3 - - - - - 2
spinel - - - = = - 1 - - -
vivianite - - - - - -
corundum™ - - - - - - - - - -
silliminite R - - - -

quantities expressed as parts per thousand of the respective
fractions ST

Key: .
M1 Mean of 18 upper brickearth samples

Table 9.la 4-2¢ "Mineralogy of upper brickearth topsoil

samples
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7

sample number: 54 58 61 66 70 73 74 75
Light . minerals

quartz S 2. 932 924 922 914 916 914 857 905 924
alkali feldspar 44 56 65 6l 52 66 87 66 52
flint - - 23 18 13 22 31 19 44 26 22
muscovite - - - - 1l - 3 1l -
glauconite . - ‘12 .- 35 - 1 9 2 2
Heavy minerals

tourmaline 345 335 326 272 383 356 342 459 425
zircon . 261 326 263 383. 312 268 108 163 224
brown rutile 30 28 25 22 18 21 7 12 16
yellow rutile -46 57 52 82 -53 63 39 37 43
red rutile 7 8 10 8 7 2 10 2 7
pink garnet 11 1 = 1l = = = -
colourless garnet 35 26 25 26 10 27 17 23 32
green hornblende - 1l 2:- 7 6. = 4 - 1
brown hornblende - 1l 1l 2 - - - - -
kyanite 37 41 27 .30 53 47 33 24 24
staurolite 62 40 59 46 50 51 58 50 32
clinozoisite: "-31 15 59 28 - 18. 35 54 40 41
zoisite 21 13 27 19 11 27 50 31 19
epidoteﬁ . *100.-95 82 60 56 91 112 106 90
anatase 5 1l 2 6 3 4 3 8 6
brookite 1. 1 1 -2 -1 1l - 1l 1
andalusite - - 5 - - - - - 1l
monazite C- 1 1l 1 - - 1 - -
chlorite 18 9 32 6 15 7 162 40 34
biotite - - - - -1 - - - 3
tremolite - - - - - - - 1l 1
sphene - 1l - - 1 - - - -
spinel - = = = 1 = = - =
vivianite- - - - - - - - 1 -
corundum - - - - - - - - -
silliminite - - - - - - - - -
quantities expressed as parts per thousand of the respective

fractions:

Table 9.1b 4-2¢ Mineralogy of upper brickearth

topsoil samples
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The relative proportions of the minerals vary quite widely
among the samples, especially feldspar, zircon, rutile,_garnet
zoisite, clinozoisite, epidote and chlorite. As many of these
minerals weather in soils and weathering is normally greatest near
the soil surface (Brewer,1964), some of the variation in their
relative quantities could be due to the effects of weathering.

Sturdy et al..(1979) and Avery et al. (1982) considered that the most
easily weatherable minerals in loess soils (excluding those that do not
occur in the upper brickearth) were muscovite, glauconite, chlorite,
biotite, hornblende and tremolite., These minerals are not present in
sufficient quantities in the 4-2f fraction of the upper brickearth to
make them useful ;n a weathering index., However, the largest amounts are
found in sample 73 from a Bt horizon which suggests that they may be
depleted by weathering in the samples from surficial horizons. Ogher
less easily weafherable minerals - feldspar,‘garnet, z0i site,
clinozoisite and epidote = seem to be preseﬁt generally in the smallest
amounts in the samples taken from the A or Ea horizons éf thin
podzolised soils and are commohést in the A horizons of thick argillic
brown earth profiles,. Thus they may have been more strongly weathered
in the podzolised soils. Little is known about the weatherability of
these minerals in British soils but Eden(1980) thought wéathering
accaunted for the loss of garnet in some Essex loess samples, and R,M,
Bateman (pers. comm.,) has detected weathering of all five minerals in
podzols developed in Late Devensian coversand.

To show the'relationship graphically, the sum of the five
minerals in each tépsbil{samplé has been plottéd against clay c&nfent in
Fige 9.2, Data from thé A or E horizons of the Lepe Cliff, Ocknell
Plain, Beaulieu Heath, Sturt Pond, Wjlverly Plain and Thorns Farm soil
profiles are included. Clay content is qged as a rough index of soil

type as amounts of clay are lowest in the surface horizons of podzols
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and highest in the argillic brown earths. Tne clay contents have
the advantage over soil classification categories in being scalar
quantities.,

Correlation between the two variables was measured by Spearman'sg
rank method and gave a value of ry = 0.71 «

The corresponding Student's t test value of T = 4.45 exceeds
the critical V;Iue at the 0,01 significance level, so the correlation
can be accepted with 99% probability.

Weathering is highly unlikely to account for the variability in
amounts of zircon and rutile in the samples because these are generally
regarded as amongst the most resistant minerals (Pettijohn, 1941).
However, it was found that there is a strong relationship between the
fine sand particle size distribution and the amounts of zircon and
ratile in the samples., In Figs. 9.3 and 9.4, the amounts of zircon and
rutile respectively are plotted againsé the the percentage of 4-3@/4-28
sand for all the analysed samples of upper\prickearth (including those
from the selected profiles). For the zircén\digtribution,'a high
negative correlation of rs=‘0.88 was found using Spearman's rank
method. For rutile the correlation was less strong To 5’0.56, but‘this
may be due to the facf that rutile is only about 25% as common as zircon
in the samples and the probable error in the estimates of its content
ig therefore correspondingly higher. The computed values of t for
both distributions‘gxceed theucritical values at the‘0.0l significance
Jevel so there is less than a 1% probability that either of the two
correlations occurred by chance.

Thus high values of rutile and zircon in the 4=2@ fraction are
associated with high values of 3-2f sand relative to 4-3@ sand.
However, during the mineralogical analysis it was found that an
estimated 80-90% of zircon and rutile grains are infact between 63~100pm

in diameter, i.e. they occur mainly in the 4—3¢ fraction. This
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discrepancy is probably due to the phenomenon of hydraulic equivalence
whereby, because the specific gravity.of zircon (s.g. = 4.7) and
rutile (s.g. = 4.2) greatly exceeds that of quart? (s.g = 2.65), the
natural processes of sorting in a quartz-rich sediment results

in zircon and rutile grains being associated with a particle size

peak nearly double their true equivalent diameter.

As~much of the mineralogical variation in the fine sand

fraction of- the upper brickearth can thus be explained by

weathering and textural differences, it is likely that the 4-2f .
fraction has common sources over the whole study area. To help
assess what ppoportion of materiai has been contributed by local

older sediments,»six samples of Tertiafy Sand and four samples of
Pjateau Gravei‘were analysed (Table 9. 2a,b),

The mineral assemblage in both groups of sediment is very like

that 15 phe upper brickearth; one grain of corundum, in the Barton
.Sands sample 130, was the only mineral foupd that is not present in the
ﬁpper brickearth. However, in all samples the relative quantities of
the minerals is different from the upper brickearth to a greater or
lesser degree. The samples most closely resemblingﬂthe upper
brickearth are the Barton Sands from Longslade Bottos and Barton Cliff
and the Headon Beds Sand from Hordle Cliff (samples 129, 130 and 132)
These are the same three samples that most closely resemble the
particle size distribution of the sand fraction in the upper brickearth.
(Chapter 8). All three have alkali feldspar contents (7.1 ~ 8.7%)
comparable with the least weathered brickearth samples. However,

the zircon and rutile contents are far lower and garnet is completely
absent. Epidote is less common in samples 129 and 132, and only one
grain of hornblende was found, in sample 129, All three samples have

a high clorite content (14.7 - 57.7%).
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sample number:

130 132 133 129 131 146

Light minerals

quartz 895 916 993 894 956 991
alkali feldspar 87 71 - 84 44 -
flint 17 13 7 19 - 9
muscovite - - - - - -
glauconite 1 - - 3 - -
Heavy minerals

tourmaline © 561 242 898 558 334 446
zircon 11 23 54 67 317 363
brown rutile 2 7 5 7 63 31
yellow rutile 10 12 7 27 98 36
red rutile 1 2 2 3 4 2
pink garnet - = = = - =
colourless garnet - - 1l - 1l 7
green hornblende - = = 1 - -
brown hornblende - - - - 1l -
kyanite 70 40 15 82 43 34
staurolite 46 29 14 60 102 60
clinozoisite 25 18 - 14 4 5
zoisite 17 18 = 15 2 -
epidote 64 29 - 9 17 6
anatase 6 3 1l 10 5 -
brookite - - 2 1l 1l 1l
andalusite - - - - 4 3
monazite - - - - 1 -
chlorite 185 577 1 147 3 6
biotite 1l - 1 - - -
tremolite - - - - - -
sphene - = = = = =
spinel - - - - - -
vivianite - . = = - -
corundum l1 - - = = =
silliminite - = = = = -

quantities expressed as parts per thousand of

fractions

Table 9.2a 4-2¢ Mineralogy of Tertiary Sands
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sample number: 124 122 123 143 M1 M2 M3
Light minerals

quartz ‘ .977 931 952 853 902 980 928
alkali feldspar 12 53 30 30 81 15 31
flint . 9 l6é 18 117 lé 5 40
muscovite - - - - - - 1
glauconite 2 - - - 1 - -
Heavy minerals

tourmaline 615 364 382 624 455 559 495
zircon 276 518 479 129 34 245 351
brown rutile 43 17 15 5 5 33 20
yellow rutile 7. 20 43 18 leé 47 22
red rutile 5 4 6 - 2 3 4
pink garnet . - = =1 - - -
colourless garnet - 2 1l 9 - 3 3
green hornblende .- - 1l - - - -
brown hornblende - - - - - - -
kyanite 23 17 20 18 64 31 20
staurolite 18 16 20 36 45 59 23
clinozoisite 2 4 2 18 19 3 7
zoisite - 7 2 11 17 1 5
epidote - 3 8 3 39 34 8 13
anatase - 1 2 1l 6 2 1
brookite. - 1 3 1 - 1l 1
andalusite - 7 3 12 - 2 6
monazite . - - - 1 - - -
chlorite 8 12 17 76 303 3 28
biotite ny - - - - - - -
tremolite - - - 1l - - -
sphene BRI - - - - - - -
spinel - = = = - - -
vivianite =2 1 - - - 1
corundun - - - - - - -
silliminite - = = - - = -

quantities expressed as parts

fractions

Key:

per thousand of

the respective

M1 Mean of 3 fine Tertiary Sands, samples 129, 130, 132
M2 Mean of 3 coarse Tertiary Sands, samples 131, 133, 1l46
M3 Mean of 4 Plateau Gravels, samples 122, 123, 124, 143

Table 9.2b 4-2¢ Mineralogy of Tertiary Sands and Plateau

Gravel
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The Barton Sands sample from Lyndhurst and the two
Bracklesham Sand. samples (samples 131, 133 and 146), which are
coarser textured than the other Tertiary sands, resemble the upper
brickearth 1ess than they do. Compared with the least weathered
upper brickearth samples, the feldspar content is very low
(0-4.4%) and so is garnet, hornblende, chlorite and epidote. In
sample 133, the tourmaline content is extremely high and the staurolite
content is very high in sample 131,

The four Plateau Gravel samples have a similar mineralogical
composition to the coarser textured Tertiary sands. They are
deficient in feldspar (1.2—5.5%) compared to the least weathered
upper brickearth and have extremely low amounts of all weatherable
heavy minerals with the exception of chlorite, which is fairly
common in sample 143.

From these anaiyses‘it seems that the ppper brickearth has
morxre garnet, hornblende, clinozoisite, zoisite and epidote in the
4-2¢ fraction than could be provided from any of the examples of
possible source sediments. However, in more comprehensive studies
of the mineralogical composition of the Tertiary Strata of the
Hampshire Basin, Walder(1964), Blondeau and Pomerol(1968) and Morton
(1980 ) have noted high frequencies of all these materials in some
beds;’garnet in particular is often very common. Tperefore despite
the results found in this work, it is still possible that the
amounts of these minerals found in the upper brickearth could have
beep derived entirely from the Tertiary strata, It is noteworthy
though; that these five rinerals are also common in the coarse silt
fraction of ioess\i;)sopthern Epgland, so their presence in the
fine sand fraction of the upper brickearth could represent the coarse

t$ail' of far travelled silt and could thus be derived in part from

outwith the Hampshire Basin. A similar mineralogical enrichment
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of the fine sand fractions of loess from elsewhere in Epgland was

discussed in chapter 3.

9.3 The Selected Profiles

Mineralogical analysegrwere"made for gelected samples from
most of the soil profiles studied. This was done primarily to
es;aslish the mineralogical characteristics of the Lower brickearth,
but also go compare the upper and lower brickearth at the sites,

The results are shown in Table 9.3 a-c.

'9;3;1‘Stﬁft Poﬁd, Wilverly Piéiﬁ;'dﬁiiling>éopse and'ﬁooknbravel Pit

(samples 165,.10i;ééb , 78¢ and 83c).

These four profiles, developed entirely in upper brickearth,
are discussed’togéfher because of fheir similarity.

Two samples were analysed from the Sturt Pond profile, from
horizons 1 and 3. In terms of the total weatherable minerals
content, horizon 1 is similar to the surface{horizons of other
argillic brown earths e.g. samples 24 and 29, but chlorite and epidote
are slightly less common., Horizon 3 has a higher total weatherable
minerals content than horizonkl, as would be expected, but feldspar,
zoisite and clinozoisite are less common. Like horizon 1, the
chloritehgnd epidote contents are less than in comparable horizons
elsewhere (e.g. Bt horizons at Barton Cliff , sample 73; Chilling
Copse, sample 78¢ and Hook Gravel Pit, sample 83c). Tae garnet
content of horizon 3 (6.3%) is also exceptionally high., These
observations, which are not entirely explained by the weathering or
textural variations described in the last section, suggest that there
are local varigﬁions in the mineralogical composition of the 4-2¢
fraction of thq\upper brickearth.

Only oné sample was analysed from each of the other three
sites. Horizon 2 at Wilverly Plain is very similar to horizon 1

at Sturt Pond, but has a lower garnet and higher epidote content,
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sample number: 105 107 82b 78c 83c 79a 114 794
Light minerals

quartz 906 904 913 862 866 930 896 906
alkali feldspar 65 60 67 100 83 52 75 71
flint 29 35 18 38 46 18 29 23
muscovite - 1 = = 2 = = -
glauconite - - 2 = 3 = -« =
Heavy minerals

tourmaline 410 252 389 239 267 403 371 363
zircon 190 226 170 182 172 284 285 206
brown rutile 18 5 15 21 19 30 33 19
yellow rutile 41 81 63 79 76 61 61 43
red rutile 2 2 7 3 12 12 5 2
pink garnet 1 3 - 2 1 - - =
colourless garnet 33 60 15 25 28 9 10 4
green hornblende - 1 - 6 - 2 <« =
brown hornblende - - - - - - - -
kyanite 80 68 50 70 102 35 67 57
staurolite 51 60 51 56 61 50 67 65
clinozoisite 43 33 57 11 38 24 20 28
zoisite 26 20 29 29 36 17 12 23
epidote 72 .90 122 114 104 62 41 62
anatase 6 8 6 6 1 2 8 8
brookite 4 2 3 1 - 2 - 1
andalusite 22 1 - 3 3 1l 2 2
monazite - = = = = = - -
chlorite 20 85 " 2)Y 144 77 6 17 115
biotite - 1 - 9 3 - - -
tremolite. - 2 2 - - - 1 2
sphene - - - - - - - -
spinel - = = = = e e -
vivianite 1 - - - = - <« =
corundun - = = = = = = -
silliminite - = = = = e = -

quantities expressed as. parts

fractions

Table 9.3a 4-28 Mineralo

soil profiles

per thousand of the

E

gy of selected samples from thé

respective

k)
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sample number: 68a 68b 64+ 110 111 112 6a 6b
Light minerals

quartz 907 886 921 893 875 890 93
alkali feldspar 69 34 58 74 79 176 221 248
flint 18 80 17 33 46 34 57 47
muscovite 3 - = = e = = -
glauconite 3 = 4 = = - - =
Heavy minerals

tourmaline 342 406 352 419 293 380 327 384
zircon 200 236 226 159 405 244 440 404
brown rutile 24 11 20 16 11 20 35 18
yellow rutile 44 40 66 41 60 53 54 76
red rutile 6 2 15 3 3 3 3 4
pink garnet 1 - - 4 1 - = =
colourless garnet 31 8 40 32 8 11 4 -
green hornblende 1 = = = = e - -
brown hornblende - - - - - - - -
kyanite 51 32 39 49 37 65 48 48
staurolite 50 40 51 42 65 52 42 41
clinozoisite 42 17 30 36 21 22 8 2
zoisite 37 16 20 25 11 16 7 3
epidote 141 43 102 70 57 88 18 2
anatase 5 3 9 6 10 7 2 3
brookite - 3 - - 3 4 - 3
andalusite - 3 1 1 6 4 1 3
monazite l - = = = e - -
chlorite 24 140 27 92 9 29 8 8
biotite - - - 4 - - - -
tremolite - - 2 1 - 2 1 -
sphene - = = = = = = =
spinel - - = = = - - -
vivianite - - = = = = 2 1
corundum - = = = = = = =
silliminite - = = = - = - -

quantities expressed as parts

fractions

per

thousand of

the respective

Table 9.3b 4-2¢ Mineralogy of selected samples from the

soil profiles
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sample number: - - 126 127 119 120 121 117 118

Light minerals

quartz | 872 913 945 923 854 908 896

alkali feldspar ‘ 89 62 30 23 12 63 724
flint . 39 25 25 54 34 29 30
muscovite - - - - - - -
glauconite ‘ - = = e e = -

Heavy minerals

tourmaline 394 431 327 325 183 190 291

zircon 126 108 305 243 564 433 321
brown rutile 22 17 28 25 22 61 17
yellow rutile B 47 52 45 50 29 117 80
red rutile 2 1l 4 2 4 5 3
pink garnet- B T L E R
colourless garnet 11 4 20 7 2 2 3
green hornblende B T T R
brown hornblende - - - - - - -
kyanite 44 56 26 38 28 50 68
staurolite . 72 59 69 58 30 64 58
clinozoisite 35 35 5 2 1l 9 34
zoisite ‘ 22 23 5 5 2 9 18
epidote ) 91 97 25 10 11 42 77
anatase \ ﬂ 4 2 7 10 6 8 7
brookite 1 1 1 1 2 3 4
andalusite 1 1 1 2 4 4 2
monazite - - - - - - - -
chlorite 128 113 131 223 129 1 11
biotite - - - - - 3 - -
tremolite - = = = e - 1
sphene - - - - - - -
spinel - = = e e e -
vivianite - = = - - - 1
corundum - - - - - - -
silliminite - - - - - - -

quantities expressed as parts per thousand of the réspective
fractions .

Table 9.3c 4-20 Mineralogy of selected samples from the

_soil profiles
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The samples from horizon 3 at Chilling Copse.and horizon 3 at
Hook Gravel Pit are very similar to each other, except that the
Chilling sample contains more chlorite. The two samples closely

resemble the Bt horizon at Barton Cliff (sample 73).

9,3.2 Beaulieu Heath (Samples 7%, 114, and 794 )

As in the podzolised soils sampled in the topsoil survey
(section 9.2) garnet, ciinbzoisite, zoisite, epidote and chlorite
in the upper brickearth in horizon 3 are much smaller than in the
surface‘horizons of the argillic brown earth soils. The sand
that fills fissufes in tﬁe lower briékearth (see field description
section 5.2.4) is mineralogically very like that in horizon 3‘
except that it\has slightly'more féldspar and chlorite and less
epidote. It could therefore be éefived‘ffom the same source as
the upper brickearth., The 4-2f fraction of the lower brickéarth
in horizon 6 is also like the other two s;mﬁles, the main difference

being that it contains far more chlofite.

9.3.3. Lepe.C1iff (Sampies 68 a and b)

The upper brickearth in horizoﬁ 1 haé a similér mineralogical
compésition to the surfaée horizon of argillic brown earths except
that the epidote éantent (i4.1%) is very high. The lower brickearth
in horizon 3 has the same mineral assemblage as the upper brickearth
but has much lower amounts of all weatherable minerals except
chlorite. This suggesté that the 4—2¢ fraction of the lower
brickearth was weathered prior to the deposition of the upper
brickearth or that its mineral assemblage was originally deficient
in weatherable species,

The Plateau Gravel underlying the lower brickearth at this
site (sample 143) is also unusualiy rich in chlorite so the two

sediments may have been mixed.
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9.3.4, Thorns Farm (samples 64, 110, 111 and 112.)

The quanfit#tive distribution of minérals in the upper
brickearth in horizon 1 is similar to that in the sufface horizons
of the argillic brown earths (section 9.3.1). In horizon 4 there
is a highér‘feldspaf and chlorité content but lower amounts of
epidote.  These changes are similar to those found in the Beaulieu
Heath profile between horizon 3 arnd the sand in a fissure.

'In the lower brickearth in horizon 5 (55-100cm) the
feldspar content is fairly high (7.9%), but other weatherable
minerals - garnet, zoisite, clinoéoisite, epidote and chlorite are
far less common than in the upper brickearth. At 100-120cm in
horizon 5 all these weatherable minerals are more common than at.
55=-100cm, This may be due to the inclusion of fine sand of a
similar pexture\(and possibly origin)‘to horizon 4 in the horizon,

as indicated by the particle size analysis results (section 8.4.6).

9.3,5 Ocknell Plain (samples 6 a and b)

The upper brickearth is podzolised and horizon 3 has an extremely
low total of weatherable minerals. The lower brickearth in
horizon 5 has a similar mineralogical composition but.the total of

weatherable minerals is even smaller,

9.3.6 Calveslease Copse (samples 126 and 127)

The undifferentiated brickearths in horizons 2 and 3 have very similar
mineraloéical compositions, but horizon 3 has slightly lower amounts
of some weatherable minerals, namely feldspar, garnet and chlorite.
In both samples the mineral distribution is like the moderately

weathered upper brickearth samples,

9,3,7 Rockford Common Gravel Pit (samples 119,120 and 121)

Horizons 2 and 3 have similar mineral assemblages. Apart
from chlorite, the_weatherable minerals content is low but horizon

2 has the most feldspar, garnet and epidote. This is against the
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normal trend for weathering to»increase towards the surface and
suggests that horizon 2 has.pad an addition of less weathered
material from a different source. Horizon 4 has a fairly typical

distribution of minerals for the Plateau Gravel, but the chlorite

content is very high, in common with sample 143 from Lepe Cliff,

9,.3,8 Holbury Gravel Pit (samples 117 and 118)

The lower brickearth samples from horizons 2 and 4 have
similar mineral assemblages, but horizon 4 has slightly larger
amounts of all weatherable minerals., In common with most other
lower brickearth samples, Bofh horizons have much lower amounts
of weatherable minerals than the least weathered upper brickearth

samples,

9,4, Principal Co-ordinates Analysis

Because of the doubt over the reliability of determining
chlorite contents, this mineral was excluded from the data sets used
in principal co-ordinates analysis.

The principal co~-ordinates analysis yielded two two-dimensional
plots, PC1l: PC2 and PCl: PC3, which separated most of the upper
brickearth samples from the other sediments, Table 9.4 lists the
percentage variability accounted for and the main minerals related
to each of the three vectors PCl, PC2 and PC3, ©PCl is the most
important and is influenced mainly by the five moderately
weatherable minerals used in the weathering index (Fig. 9.2), PC2
is mainly related to amounts of three readily weatherable minerals,
tremolite, muscovite and hornblende and two minerals that probably
do not weather in soils - anatase and brookite. All five are
present only in minor amounts in the samples. The five main
minerals influencing PCj are all relatively resistant and the two
most important minerals, kyanite and stauroclite - are quite common

in all samples. The true content of these two minerals is therefore

much more accurately estimated than any of the five minerals
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NP -s. TA‘BLE . i s

Prinéipal Co-Ordinate Véctoré and }helMihérals Réiated to Them:

South Hampshire Sediments 4-2¢ ﬁineralogy
Vector: , 130 PC2 PC3

% of total variability 28.2 12,7  10.4
accounted for. .. .. ‘

Minerals related to pClinozoisite(;) Tremolité(+) Kyanite(+)
vector in order = - Epidote (=) M
ot importance: pidote (- uscovite(~) Staurolite(+)
, R .. Zoisite(~) Anatase(+) Anatase(+)
Feldqur(-) Brookite(+) Monazite(-)

Garnet(-) Sphene(~) Sphene(-)

248



influencing PC2. For this reason PC3 may provide a more
reliable differentiation of the sediments, despite the fact that
it accounts for slightly less of the total variance than PC2,
TbngQE;WPCgJg}pﬁk‘3}5_9.5)~ﬁm;~ﬂ~ concentrates all but
two of the upﬁér brickearth samples in a single grouping to fhe
left that is interspersed with five samples of other sediments.
The other sediments are two undifferentiated brickearth samples
from Calveslease Copse (sémples 126 and 127) and the fine-grained
Tertiary sands from Longslade Bo@fom, Barton Cliff and Hordle
Cliff (samples 129, 130 and 132). The main grouping of upper
brickearth éampiés is not«particulérly closely knit because there
is an almost equal variation among<£he samples on both vectoré.
To the right of the main upper brickearth sector comes a less
clearly differentiated group compose&‘ﬁaﬁﬁli‘of other sediments,
Six samples of lower brickearth (samples.111, 112,79d , 118, 117
and €8b), two samples of undifferentiated brickearth (samples 114
and 119), one sample of Plateau Gravel (sample 143), and a Tertiary
Sand sample (sample 131) come nearest to the upper brickearth sector.
Beyond these, furth;; tp the right on PCl come two outlying uLper
brickearth samples from Ocknell Plain and Bratley Plain (samples
€a and 4. Thes;:éée both from podzols and are the most strongly
weathered upper;ﬁrickearth samples, Further right, with PCl
values of 0,24 - 0.32,vare four samples of Plateau Gravel (samples
121, 122, 123 and 124); two coarse grained Bracklesham Sand samples
(samples 133 and 146) and one lower brickearth sample from Ocknell
Plain (sample 6b ), and these resemble the upper.briékearth least.
Tﬁéﬁﬁigngfﬂpci;“Pé3 (Fié. 9;6)-' éoncentrafég the

£

upper brickearth samples in a tighter group because there is less

variation in PC3 va}ues compared with PC2, Most of the variance

is now on PCl and, considering the minerals mainly influencing this
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vector, is probably due to weathering, This plot removes the
three fine-grained Tertiary sands (samples 129, 130 and 132)

from the upper brickearth sector, but three samples of lower
brickearth (samples 112, 118 and 794 ), which were formerly outside
replace them, Apart from this the main trends are little changed:
the fine grained Tertiary sand, three samples of lower brickearth
(samples 111,117 and 68b), one Plateau Gravel sample (sample 143)
and one undifferentiated brickearth sample (sample 114) come closest
to the upper brickearth sector. Further right come the two

highly weathered upper brickearth samples, one undifferentiated
brickearth sample (sample 119), one Tertiary sand sample (sample
131) and one lower brickearth sample (sample 120). As in the

PCl: PC2 plot, four Plateau Gravel samples, two Bracklesham Sand
samples and the lower brickearth from Ocknell Piain least resemble

the upper brickearth .

9.5 Sumhary and ConclusionAof the 4-2¢ Mineralogical Analysis

" Detailed study of the fine sand minéralogy of tﬁe upper
brickearth shows that although the samples are quite variable,
much of the variation can probably be explained by post-depositional
weathering and original variations in the particle size distribution
of the 4-2@ fraction., Taking these two factors into account, the
mineralogy is remarkably constant over the study area and suggests
a common source for the 4-2@ fraction. Some small, unexplained,
local variations in the mineralogy also occur.

The lower brickearth generally has fewer weatherable
minerals than the least weathered upper brickearth, which indicates
that it was either weathered prior to the deposition of the upper
brickearth or was originally deficient in these minerals. However,
in some sgmples, where particle size analysis indicated the
presence of 4-2ff sand of a similar particle size distribution to
the upper brickearth, the weatherable minerals total is higher

suggesting that mixing with fresh material has occurred.,
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Because all the sediments studied have similar mineral
suites, it is difficult to completely exclude any as possible
source sediments for the 4-2f upper fraction of the brickearth.
However, the samples most closely approximating to the mineralogical
compos;tion iﬂ the upper brickearth are the fine-grained Tertiary
sands. The coarse-grained Tertiary sands and the Plateau Gravel
seem likely to have contributed only minor amounts of material to
the upper brickearth. This confirmé the findings of the particle
size analysis., The.least weathered upper brickearth samples
vere relatively rich in weatherable minerals that are characteristically
abuﬁdant in the coarse silt (6-48) fraction of loess in southern
England; thesé minerals could have been added to the 4-2¢ fraction
of the upper brickearth as the coarse tail of loess,

The results of the principal co-ofdinates aqalysisvsuppprt z;
these conclusions; it identified weatherable minerals as the main
source of variation‘between the brickearths and‘other sediments and
demonstrated thét the least weathered upper brickearths are

mineralogically alike and distinct from the other sediments,
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PART 2

. The-Mineralogy Of The Coarse Silt Fraction

'§;6m’The_ﬁppef Bficiea£¥i.
. | This section describes the mineralogy of the 6-4¢ fraction
afvsixtéen topsoil samples ofAupper brickearth, one sample (73),
from'a Bt horizon and examples of possible source sediments. The
_samples ére the same as those whose 4-2@ mineralogy was examined
" in‘Part 1 except that sample 31 is excluded (Table 9.5a,b).
¢ The mineral species present in the coarse silt fractions
of the uppér’prickearth samples are almosﬁjthe same as in the
4-2¢ fraét;on, but the relative quantities of most minerals are
different. ' The assemblage is dominated by quartz (79.5-93.4%),
with lesser amounts of alkali feldspar (4.1-15,0%) and flint
(2.2-5.4%) and minor amounts of muscovite, glauconite and heavy
minerals, The heavy minerai assemblage is éenerally dominated
by zircon and epidote with lesser amounts of tourmaline, rutile
(red, yellow and brown) and chlorite, small amounts of tremolite
(with actinolite), hornblende (green and brown), garnet (pink and‘
colourless), zoisite (including clinozoisite), anatase and brookite
and trace; qf_apdéiuéi%é, biotite, sphenéiéhd silliminite;
As in the 4=-2¢ fractién, the between-sample variability
of some minerals is quite large, especially that of the weatherable
minerals - feldspar, pgscovite, garnet, hornblende, zoisite,
chlorite and tremolite. Zircon and epidote are less variablé in
amount than t;e& are in the 4-2@ fraction, but epidote may never-
theless be w;athered in the podzolised soils (e.g. samples 4 and
70). There are sufficient amounts of easily weatherable minerals
(muscovite, glauconite, hornblende, tremolite, chlorite and biotite)
in the samples to use them as 2 measure of weathering. Figure 9.7

shows the sum of these six minerals in all the topsoil samples of

upper brickearth (including samples from the soil profiles) plotted



sample number: 24 7- 75 71 58 29 23 173 61

Light minerals

quartz 819 844 863 872 863 795 831 800 855
alkali feldspar 136 129 112 95 102 150 108 136 109
flint 26 23 23 32 30 49 54 49 30
muscovite 19 3 2 l1 5 5 6 15 5
glauconite - 1 - = =1 1 - 1

Heavy minerals

tourmaline 38 95 114 146 89 104 103 88 85

zircon 316 353 328 341 295 353 328 350 299
brown rutile 6 8 15 12 7 7 6 3 2
yellow rutile 76 97 119 107 91 66 41 83 55
red rutile 1 1l 3 5 2 - 2 1l -
pink garnet - 1 = 2 = = = - =
colourless garnet 17 7 15 19 17 8 20 18 20
green hornblende 12 8 10 8 15 32 29 33 28
brown hornblende - - - - - - - - -
kyanite 13 9 8 14 9 3 8 5 7
staurolite 8 3 12 9 5 1 4 1 2
zoisite 18 20 21 23 27 16 14 11 20
epidote 243 277 290 254 283 277 278 235 359
anatase 24 24 14 14 15 11 16 12 110
brookite 7 7 5 4 10 5 6 3 1
andalusite - 1 1l 1 - - - - -
chlorite 210 25 19 16 80 85 112 129 70
tremolite 10 62 25 25 55 32 33 28 42
biotite 1l - - - - - - - -
silliminite - 2 1 - - - - - -
sphene - - - - - - - - -

quantities expressed as parts per thousand of the respective
fractions

Table 9.5a 6-4¢ Mineralogy of upper brickearth topsoil

samples
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sample number: 74 54 70 66 52 10 37 4

Light minerals

quartz 812 854 868 815 841 912 828 934
alkali feldspar 128 101 75 127 121 62 147 41
flint 47 43 50 54 37 23 23 22
muscovite o 9 - 7 2 1 3 2 3
glauconite S 4 2 - 2 = = = =

Heavy minerals.‘

tourmaline - 63 53 126 105 73 121 89 96
zircon . 307 398 474 245 261 355 229 507
brown rutile 8 10 22 13 6 11 12 20
yellow rutile - 52 70 99 74 77 131 52 133
red rutile 2 2 3 1l 1l 1l - 2
pink garnet - = = = = 2 = =
colourless garnet 8 9 4 17 20 14 25 3
green hornblende 34 33 4 41 34 21 38 -
brown hornblende - 3 - 3 2 - - -
kyanite L 1 1 13 4 1 4 5 5
staurolite ' =2 6 1 - 8 1 1
zoisite T 22 21 6 19 17 14 18 1
epidote 307 311 194 341 374 271 414 183
anatase 12 13 14 23 24 20 20 33
brookite 3 3 5 5 3 8 1l 9
andalusite - - 1 - - - - -
chlorite 130 41 3 66 68 3 61 2
tremolite 51 30 26 42 39 16 34 4
biotite - - - - - - - -
silliminite - - - - - - 1 -
sphene - - - - - - - 1l

quantities expressed as parts per thousand of the respective
fractions- -

1

Table 9.5b 6-4¢ Mineralogy of upper brickearth topsoil

samples
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clay content.
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against clay content. A Spearman's rank correlation co-efficient
of T, = 0.79 was obtained for this relationship, which is significant
at the 99% level. The moderately weatherable minerals index used
for the 4-2¢ fraction (feldspar + garnet + zoisite + clinozoisite +
epidote) is less strongly correlated with clay content: ro = 0.50
(Fig 9.8). The computed t value for this value of r, only just
exceeds the critical value at the 99% level. However, removing
epidote from the index (Fig 9.9) increases the correlation to

Ty = 0.63.

Thus, in the coarse silt fraction of the upper brickearth
far larger amounts of easily weatherable minerals are present than
in the 4-2¢ fraction and the moderately weatherable minerals,
especially epidote, seem to be less affected by weathering., These
differences may be due to the 6-4f fraction originally having
greater amounts of weatherable minerals than the 4Aé¢ fraction.

The coarse silt fraction of known Late Devensian loess deposits
from elswhere in England and Belgium are characteristically rich

in certainwe;therable minerals - hornblende, tremolite, chlorite,
epidote and garnet-compared with their fine sand fractions and the
pre-Devensian deposits on which they rest (Weir et al., 1971; Catt
et al., 19713 Juvigné, 1978, Chartres , 1980). To assess what
proportion of the 6-4¢ fraction of the upper brickearth was derived
from subjacent deposits, the 6-4@ mineralogy of five Tertiary
sediments and four Plateau Gravel samples was examined,

‘The five Tertiary sands (Table ?:??)have at most one fifth
the amount of chlorite and tremolite and one quarter the amount of
hornblende of the least weathered upﬁer brickearth saﬁpies. |
" Epidote and garnet are only about half as common as in the upper
brickéarth in four of the five samples; sample 131 has as much

garnet and sample 133 has as much epidote., The amounts of other
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samples plotted against clay content.
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sample number: 129 130 131 132 133 146
Light minerals

quartz 548 845 673 895 908 920
alkali' feldspar 270 106 263 70 34 5
flint 89 42 26 27 56 67
muscovite 7 3 4 8 2 8
glauconite 86 4 34 - - -
Heavy minerals

tourmaline 63 115 108 109 306 183
zircon 616 603 493 476 241 524
brown rutile 28 8 12 22 2 6
yellow rutile 131 142 96 192 96 129
red rutile- 2 - - h - 2
pink garnet - - 4 - 1 =~
colourless garnet 11 1 17 6 10 8
green hornblende 1 1l 6 1 8 -
brown hornblende - - - - 1l -
kyanite 5 8 6 7 1 2
staurolite 15 6 6 9 3 3
zoisite 2 2 le 6 15 7
epidote 96 84 179 133 252 94
anatase 9 18 22 19 16 19
brookite 3 8 2 9 9 14
andalusite - - - - - -
chlorite 12 4 27 8 31 9
tremolite 6 - 5 2 5 -
biotite - - 1 - - -
silliminite - - - - - -
sphene - = = = - -

quantities expressed as parts per thousand of

fractionsﬂe

Table 9.6a 6-44 Mineralogy of Tertiary Sands
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minerals are often very variable, For example, relative to the
. upper brickearth, two of the Barton Sands samples (129 and 131)
) have extremely high feldspar contents, while the two Bracklesham
| Sands samples have very small amounts of this mineral. No other
mineralogical analyses of the coarse silt fpacpion of the Tertiary
Strata in the Hampshire Basin are known to have been published,
buf_gaAths basls ofﬂphlsufairlyﬂlimipéd.efidence lpwsaemshuallkgly
. that thefTertiary.Sands are the major source of 6-4f silt in the
upper ‘brickearth. s

. In contrast to the trends found in the 4-295 analyses
(section 9.2), the four Plateau Gravel samples are more like the
upper brickearth. than ave the Tertiary Sands (Table 9.6b ). Samples
122.2and 143 contain similar amounps of most of the minerals present
in tﬁs§upper brickearth but samples l23 and 124 contain less
than half the weatherable minerals content of th; upper brickearth.
The;flint content of all four samples is, however, far higher
(1.5 tolfhtimes) than in the upper brickearth.  This suggests
thaf the gravels also are not a major source for the 6-4¢ fraction
of the upper brickearth, especially considering the extremely low

total silt content of the gravels.

e - -

R

9.7 Sites for Detailed Study.

The results for each of the sites are presented in Table 9.7a=C.

9,7.1 Sturt Pond, Wilverly Plain, Chilling Copse and Hook Gravel Pit

(samples 105, 107,82b, 78¢ and 83c)

Horizon 1 of the Sturt Pond profile has slightly fewer
weatherable minerals than horizon 3 in the light fraction, as would
be expected, but has more epidote, chlorite, zoisite and hornblende
in the heavy fraction. This suggests that there were small
original mineralogical differences between the two horizons and

the effects of weathering have been insufficient to mask these.
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sample number: 77122 123 124 143

Light minerals

quartz ot 748 761 597 781 0 ¢ -
alkali feldspar 78 52 50 121

flint 168 178 348 89

muscovite 6 9 5 8

glauconite - - - 1

Heavy minerals

tourmaline "7 174 161 265 155
zircon " 166 474 247 147
brown rutile 1 13 3 1
yellow rutile 61 138 83 84
red rutile - 1l - 1

pink garnet =

colourless garnet 7 4 6" 10
green hornblende 33 - 17 47
brown hornblende 2 - - 2
kyanite 2 5 1 3
staurolite 4 3 6 5
zoisite 20 7 25 10
epidote 288 146 236 347
anatase 14 28 34 11
brookite 7 13 5 3
andalusite - - - -
chlorite 204 8 T 59 " 145
tremolite 17 1 12 29
biotite - - 1l -
silliminite - - - - -
sphene - - - -

quantities expressed as parts per thousand of the respective
fractions

Table 9.6b 6=-48 Mineralogy of Plateau Gravel.
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sample number: 105 107 82b 78c 83c 79a 114 113
Light minerals

quartz 807 781 854 791 788 900 861 865
alkali feldspar 131 134 105 179 100 67 103 100
flint 55 51 37 21 92 30 25 23
muscovite 5 31 4 9 6 3 11 11
glauconite 2 3 - - 14 - - 1
Heavy minerals

tourmaline 77 49- 53 41 54" 160 134 55
zircon 171 290 284 250 322 297 290 487
brown rutile 10 10 5 5 4 18 10 10
yellow rutile 85 117 60 100 40 140 113 91"
red rutile 2 1 - - 1 2 - -
pink garnet 1 1 - - - - - -
colourless garnet 34 41 16 25 30 9 8 3
green hornblende 77 59 31 60 19 3 3 7
brown hornblende - 1l - 3. - 1l - -
kyanite 2 2 1 9 3 5 3 4
staurolite - 5 1 6 4 7 4 3
zoisite 11 5 21 20 11 11 13 5
epidote 385 273 339 265 287 273 361 246
anatase 12 19 5 19 11 23 43 20
brookite 5 5 2 3 4 7 6 3
andalusite - = e e e = e -
chlorite 110 100 132 173 184 18 7 57
tremolite 18 22 50 20 24 26 5 9
biotite - = = - 2 - - -
silliminite - - - - - - - -
sphene - - - - - - - -

quantities expressed as parts per thousand of the respective

fractions

Table 9.7a 6-4¢ Mineralogy of selected samples from the

soll profiles

264



sample number: 68a 68b 64 110 112 135 6a 6b
Light minerals

quartz 812 883 823 764 851 836 928 904
alkali feldspar 128 64 128 174 117 131 40 47
flint 49 47 45 41 30 22 31 42
muscovite 10 6 3 14 2 11 1 7
glauconite 1 - 1 7 = = - -
Heavy minerals

tourmaline 45 174 98 57 122 129 121 87
zircon 346 241 218 326 262 321 358 356
brown rutile 16 56 1 12 2 9 12 8
yellow rutile 125 147 95 100 71 125 148 142
red rutile 4 - 1l - 1l - - 3
pink garnet 3 = = = = - - -
colourless garnet 17 3 24 34 16 27 6 3
green hornblende 36 1 43 49 8 18 2 2
brown hornblende 2 - 2 1l - 1l - -
kyanite 3 4 4 7 2 6 4 5
staurolite 4 2 1l 4 1 5 3 1
zoisite 12 25 16 14 11 o 4 11
epidote 240 317 368 285 422 264 276 317
anatase 22 24 19 19 37 29 40 30
brookite 3 5 4 1l 11 3 8 9
andalusite - - - - - - - -
chlorite 104 27 77 73 18 45 12 23
tremolite 18 25 31 18 16 9 3 3
biotite - = = = e e - -
silliminite - = 1 = = = = =
sphene - = = = = - - -
quantities expressed as parts per thousand of the respective

fractions

Table 9.7b 6-40 Mineralogy of selected samples from the

soil profiles
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sample number: 126 127 119 120 121 117 118
N o (Y , e " . -

Light minerals -

quartz : : 802 828 788 805 762 877 841
alkali feldspar 139 112 136 115 54 73 124
flint - 32 41 45 46 167 37 29
muscovite 21 19 21 24 7 13 6
glauconite = = . 6 - 10 10 10 - =

Heavy minerals

tourmaline 94 100 74 61 189

64 92
zircon B ' 290 321 195 341 323 362 244
brown rutile 16 6 6 4 7 14 3
yellow rutile- coo 0 104 129 78 134 146 175 162
red rutile - - - 1 - - -
pink garnet R T T
colourless garnet 34 8 40 11 &6 1l 3
green hornblende .27 3 72 29 11 2 1
brown hornblende ' 2 1l 2 - 1l - -
kyanite e 6 2 3 - 4 11 5
staurolite 4 4 2 2 2 1l 1l
zoisite ‘ . 10 18 8 13 5 3 19
epidote 271 237 277 275 180 309 411
anatase . .15 21 20 17 35 22 37
brookite 2 6 1l 4 8 4 8
andalusite . . . L m = e e e = -
chlorite 110 133 191 92 78 24 11
tremolite = - 14 11 31 16 6 6 3
biotite \ - - - - - - -
silliminite . 1 - - - - 2 -

sphene - - = -

quantities expressed as parts per thousand of the respective
fractions

Table 9.7c 6-4@ Mineralogy of selected samples from the

"soil profiles

£ b
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As in.the 4-2¢ fraction,.the garnet contents of horizons 1 and 3

are exceptionally.high for theupper brickearth and the chlorite
contents are a little less than in comparable soils (e.g. in samples
24, 73, 74, 82b, 780 and 83c) Tpis/guggests that the two fractions
have, in part, a common source. The samples from horizon 2 at
Wilverly Plain and horizon 3 at Chilling Copse have fairly typical
mineral assemblages, although the Chilling sample has the highest
foldspgr content (17.2%) o: any of the gnalysed upper brickearth
samples. Therogmplo‘from Hook Grgvel Pit,-horizon 3, is less

like the others. It hasszlatively small amounts of feldspar,

rutile and hornblende and a very high flint content. This may relate

to textural differences as the sample is one of the sandiest analysed,

9.7.2 Beaulieu Heath (samples 79a, 113 and 114).

-.The upper brickearth in horizon 3 haaifew weatherable
minerals, , The sand in the.fissure has slightly more feldspar and.
muscovite in the light fraction - as would be expected according to
normal weathering trends if. it-had.the same source as the upper
brickearth, But it has less chlorite and tremolite in the heavy
fraction, - Otherwlse, the two assemblages are similar., The light
fraction of the lower brickearth in horizon 6 is almost identical to
that of fissure sand, but in the heavy fraction it contains
considerably more zircon and chlorite and less tourmaline and epidote

Thus no oleam‘distinction between the three sediments is possible.

. e

9.7.3 Lepe C1iff (samples 68 a and b)

The upper brickearth in horizon 1 has fairly large amounts _
of weatherable minerals and is typical of the A horizons of the
argillic-brown earths in this study. The lower brickearth in
horizon 4 has . considerably fewer weatherable minerals and

smallexr. amounts of each individual weatherable species except

epidote and tremolite, Thus, as in the 4-2¢ fraction, there is
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a suggestion that the lower brickearth was weathered prior to
deposition of the upper brickearth or was originally deficient in

weatherable species,

9,7.4 Thorns Farm (samples 64, 110 and 112)

The upper brickearth in horizon 1 has a similar content
of weatherable minerals to the A horizons of argillic brown earths
elsewhere. In horizon 4 there is a significant increase of
weatherable minerals in the light fractiony but in the heavy
fraction, there is less epidote, chlorite and tremolite and more
garnet and hornblende. Thus, normal weathering trends appear to
be present in the light fraction, but not in the heavy fraction,
This parallels the trends found at Beaulieu Heath (section 9.7.2)
between the fissure sand and horizon.3., This may indicate that at
both sites there was an originally lower level of weatherable heavy
minerals, particularly chlorite and tremolite, in the lowest partd
the sandy upper brickearth than in the more silty upper brickearth,

In the lower brickearth in horizon 5 (100-120cm) there are
smaller amounts of all weatherable minerals except epidote than in
either of the upper brickearth samples, so, as at Lepe C1iff, it is
likely that the lower brickearth was originally deficient in
weatherable minerals or was weathered prior to deposition of the

upper brickearth.

9,7.5 Tanner's Lane (Sample 135)

The lower brickearth in horizon 4 has greater amounts of
nearly all weatherable minerals - feldspar, chlorite, muscovite, garnet
and hornblende - than the two other lower brickearths sampled on the
5m terrace (Lepe Cliff and Thorns Farm), Nevertheless, it still
has far fewer weatherable minerals, particularly hornblende, chlorite

and tremolite, than are found in Bt horizons in the upper brickearth.
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9.7.6 Ocknell Plain (samples 6 a and b)

The upper brickearth in horizon 3 has an extremely
low content of weatherable minerals, as was found in the 4-2¢
fraction. The mineralogical composition of the lower brickearth in
horizon‘s is very similar to the upper brickearth (nhorizon 3) and
iq fact'contains a slightly greater‘amount of weatherable minerals.
It is not possible, therefore, to attribute the 6-4f fraction of the
fwo‘sedimenés”to éifferent sources on mineralogical evidence alone.
The mineralAassemblaée ih the lower brickearth is ver& similar to

tﬁat in the lower brickearth (horizcn 4) at Lepe C1iff (séction

9 Te 3) which also has similar field amd textural characteristics.

9,7.7 Calveslease Copse (samples 126 and 127).

The undifferentiated brickearths in horizons 2 and 3 are-
much less alike in the 6-4f fraction. than in the 4-2¢ fraction.
Horizon 2 is richer in all weatherable mineral species except chlorite
aﬁ& zoisite, and recembles many of the upper brickearth samcles,
particularly the sihilarly—tcxtured hcrizon 4 from Thorns Farm. Horizon

) _iq%’ like many lower brickearth samples in having small amounts

of hornblende and garnet., It generally has lower amounts of all
weatherable minerals than would be expected in the Bt horizons in

upper brickearth.

9.7.8 Rockford Common Gravel Pit (samples 119,120 and 121)

The differences between the -undifferentiated brickearth -
in horizon 2 and the lower brickearth in horizon 3 found in the
4~-2¢ fraction are more strongly expressed in the 6-4f fraction;in:
the light fraction horizon 2 has about 2% more feldspar than horizon
3, and in the heavy fraction it contains at least twice the amount
of all weatherable minerals except epidote and zoisite. This is

further evidence that horizon 2 has a different source from horizon
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3 or has received an addition of weatherable minerals., The
overall‘mineral compositon of horizon 2 is like many Bt horizons in
the’gpﬁér brickéarth. P

Horizon 4 in the underlying Plateau Gravel has a very
low total of weatherable minerals and resembles the most

weathered other Plateau Gravel samples.

9, 7 9 Holbury Gravel Pit (samples 117 and 118)

The lower brickearths in horizons 2 and 4 both haVe much
:i;tér amounts of garnet, hornblende, chlorite and tremolite than
the.least weathered upper brickearth samples. There is no consistent
‘difference between the samples in the content of weatherable
minera18° horizon 2 has more chlorite, tremolite and muscovite and
horizon 4 has the most feldspar, zoisite and epidote. The garnet

and hornblende content of both samples is extremely low.

9,8 Comparison of the 6-4@ Mineralogy of the Brickearth with known

Loess samples from elsewhere in England

In Table 9.8 the 6-4¢ mineralogy of four samples of Late
Devensian loess from West Sussex (J.A. Catt, pers. comm,) is presented.
This is the closest area to south Hampshire where substantial Late
Devensian loess .deposits are found, .. These samples are compared
iR ﬁithithe’meah"éompositidn'of four samples of upper brickearth taken
’from Bt horizons (samples 73, 167,'783 and 83c ).

‘The mineral assemblages in the two groups of sediment are
generally quite simila;; but theré‘are some significant differences,
In the light fraction, flint is about four times more abundant in
the upper bgigkearth and in the heavy fraction the upper brickea;th
has more z;;con{_:gtile'and tourmaline than the West Sussex loess,
but less hornblgnde, garnét, zoisite, epidote and anatase. The

chlorite and tremolite content of the two sediments is similar.
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sample number: S1 S2 S3 S4 M1 M2 M3 M4 Wl
Light minerals

quartz 827 821 834 862 835 791 816 893 837
alkali feldspar 127 154 143 114 134 137 130 55 122
flint 20 12 7 11 13 53 32 45 10
muscovite - 18 10 9 9 12 15 9 7 16
glauconite 8 3 7 4 6 4 13 - 15
Heavy minerals

tourmaline 50 38 36 28 38 58 92 130 41
zircon 91 192 150 187 155 302 324 298 244
brown rutile 9 19 16 11 14 &6 13 7 13
yellow rutile 20 41 36 43 35 85 83 145 58
red rutile 3 3 5 9 5 1 3 1 -
pink garnet - = = e e = e e -
colourless garnet 50 34 30 31 36 29 23 3 58
green hornblende 75 75 91 88 82 43 42 2 26
brown hornblende - 6 7 6 8 7 1l 4 - -
kyanite 2 5 4 4 4 5 4 4 4
staurolite 5 9 6 5 6 4 7 2 5
zoisite 22 17 15 18 18 12 13 18 21
epidote 335 380 400 390376 264 258 317 292
anatase 20 37 29 25 28 15 23 27 31
brookite 5 3 2 5 4 4 5 7 5
andalusite - - e = e e e - -
chlorite 243 106 145 110 151 14783 25 182
tremolite 29 25 23 31 27 24 15 14 18
biotite 32 9 6 5 13 - 6 - 2
silliminite - = e e e e = = -
sphene - - - - - - - - -
apatite 3 = = = 1 = = = =
augite - = = 2 = e e - -

quantities expressed as parts

fractions

Key:
S1-4 Sussex loess

Ml Mean of Sussex loess 1-4
M2 Mean of upper brickearth samples 73, 107, 78c, 83c
M3 Mean of ((S1-4) + (6 Tertiary Sands))/2

M4 Mean of lower brickearth samples 6b and 68b

Wl Wolstonian loess, Red Barns, Hampshire

per thousand of the respective

Table 9.8 Comparison of 6-4¢ mineralogy of brickearth with

loess from elsewhere in southern England

271



Thus, the upper brickearth has more resistant minerals and
fewer weatherable minerals than the West Sussex loess. This could -
indicate that the 6-4@ fraction of the upper brickearth contains
far travelled silt of a similar composition to the West Sussex loess
mixed with silt derived from the south Hampshire Tertiary strata,
which are relatively rich in zircon, tourmaline and rutile., If it
is assumed that the 6-4f fraction of the upper brickearth is
composed entirely of material from these two sources, then a
contribution of 50% from each would ‘give the assemblage shown in
colunmn 7 of Table 9.8. ~This assemblage is very similar to the 'mean
of 4 upper brickearth Bt horizons!', the main differences being that the
upper brickearth has very slightly more weatherable minerals and
slightly fewer resistant minerals. However, in view of the fact that
the Tertiary Strata in the area are dominated by sands and to a
lesser extent clays, and the sands analysed have a very low silt
content, it seems unlikely that nearly 50% of the coarse silt in the
upper brickearth can have been deflated from the Tertiary strata.:
Two factors may explain this discrepancy., First, the
Tertiary sands contain on average 0.6% of non~opaque heavy minerals
in the 6-4@ fraction compared with 0,2% in the upper brickearth,
€0.,1% in the loess of West Sussex (Hodgson et al., 1967) and < 0.3%
in the loess of Kent where Weir et al. (1971) found five to twenty
times more heavy minerals in the Tertiary Thanet Sands. Thus a
relatively small contribution of silt from the Tertiary strata might
have a disproportionately large effect on the 6-4¢ heavy mineral
assemblage of the upper brickearth, Second, the upper brickearth
has a much larger fine sand content than previously described Late
Devensian loess deposits, Therefore, compared with other loess
deposits, a larger proportion of silt-sized heavy minerals associated

with locally derived fine sand (by the effect of hydraulic equivalence)
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is likely to have been added to the 6-4f heavy mineral assemblage of
the upper brickearth. For these reasons it is suggested that the total
local contribution of silt to the upper brickearth is<20%.

‘The chlorite content of the 6-4f non-opaque heavy fraction
of the upper brickearth averages 14.7% in the Bt horizons. The
expected amount of chlorite in loess in this area according to Catt's
(1978) map of the westward increase in the amounts of this mineral in
the Late' Devensian English loess would be about 18-20%. - This also
suggests that the upper brickearth may be composed of loess mixed
with relatively chlorite-deficient silt, as is found in the Tertiary
strata.

At least two samples of lower brickearth, sample 68b from
Lepe C1iff and sample 6b, from Ocknell Plain, have field and textural
characteristics that suggest they could be weathered pre-Devensian
loess, Little is known about the mineralogical composition and
variation of pre-Devensian loesses in England.because few sites are
known where such material exists, but in general they are reported to
" contain more zircon, tourmaline, rutile and anatase but less hornblende
than Late Devensian loess (Avery et al., 1982)., 1In Belgium, the
pre-Vistulian (=~pre-Devensian) loesses also have more zircon, rutile
and tourmaline and less hornblende and garnet than the Vistulian.
loesses (Juvigné, 1978).

.The -two lower brickearth samples have more tourmaline,
rutile and anatase than.the upper brickearth but contain similar
amounts of zircon. They-have less hornblende and garnet than .
the upper brickearth but also have less feldspar and chlorite. In
Table 9.8 the mean of the-two lower brickearth samples is compared
with a sample of Wolstonian loess from Red Barnes near Portchester,
Hampshire (J.A. Catt, pers. comm.). - The two assemblages are

quantitatively very different: the Red Barns loess is actually rather
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similar to the upper brickearth and contains far more chlorite,
hornblende, garnet, glauconite, muscovite and feldspar than the two
lowe: brickegrth samples, Thus the two lower brickearth samples
cannotpbe Eorreiéted Qith’tﬁePWblétonian loess<on this>ﬁi£éraloéical
evidence." But mucﬁadepends on the\relative anounts of weathering
thatrthe sediments have undergone. It is possible that the lower
brickearth sampled has remained near the surface for longer than the

Red Barns loess and that the mineralogical differences are a result of

this.

9,9 Principal Co-ordinates Analysis

A similarity matrix was constructed from the 6-4¢ data fér
all the analysed sediments from south Hampshire, Tableu9.9 lists -
the percentage variability accounted for and the main minerals
related to the first two principal co-ordinates, PCl and PC2, PC1,
the most important vector, is influenced mainly by the presence or
absence in the samples of four of the characteristic Late Devensian
loess minerals - hornblende, epidote, tremolite and garnet and
one resistant mineral - rutile, PC2 is influenced mainly by five
relatively resistant minerals - kyanite, staurolite, andalusite,
anatase and tourmaline.

PC1l: PC2 plot (Fig. 9.10) ____, separates all but five of
the upper brickearth samples in a fairly tight group interspersed with
only three examples of other sediments, These three are two
undifferentiated brickearth samples (samples 119 and 126) from
Rockford Common and Calveslease Copse and one Plateau Gravel sample
(sample 143) from Lepe Cliff, The Calveslease Copse sample was
also placed in the main upper brickearth sector in the principal
co-ordinates analysis of the 4-2@ mineralogy. The five upper
brickearth samples outwith the main grouping (samples 4, 6a 10& 70

and 79%a all have higher PCl values because of a relative deficiency
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TABLE 9.

Principal Co-ordinate Vectors and the Minerals related to them: South

Hampshire Sediments 6-4¢ Mineralogy.

Vector: - PCl .

% of total variability 28.7
accounted for:

Minerals related to Hornblende(~)

Vector in order of : Epidote(~)

importance: . Tremolite(-)
Ruti

Garn

i
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-Andalusite

PC2

14.5

Kyanite(~)
Stauroliteg-g
Anatase(+)
Tourmaline(+)
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the 6-4¢ fraction of all south Hampshire sediments.
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hornblende, tremolite, epidote and garnet. All five are from
podzols, so the deficienci iéﬁprobably due to weathering.
Nearest the main upper brickearth sector, with PCl values
of 20,08 to 0.16 and PC2 values of =0.10 to 0.20, is a group that
includes all eight analysed lower brickearth samples interspersed
with two podzolised upper brickearth samples, two undifferentiated
upper brickearth samples (samples 127 from Calveslease Copse and
sample 1141from Beaulieu Heath), two gravel samples (samples 122 and
124) and two Tertiary 'Sand samples (samples 131 and 133).
Beyond this sector, with PCl values of > 0.20 Or PC2 values
<t ~0.16, are the remaining three Tertiary Sands (samples 129; 132,
and 146) and the remaining three Plateau Gravel samples (samples 121,
123 and 130) interspersed with three, probably extremely weathered,
upper brickearth samples (samples 4, 6a and 70). These last samples
least resemble the main upper brickearth group.
A second similarity matrix was computed using 6-4§
mineralogical data for all the upper brickearth samples analysed,
nthe two possible pre-Devensian loesses from Ocknell Plain and Lepe
Cliff, Wolstonian loesses from Northfleet, Kent (J.A. Catt, pers.comm)
and Red Barns, Hampshire, the four examples of West Sussex loess, one
sample of Dorset loess (J.A. Catt, pers.comm.) and four samples of
Devon loess (Harrod et al., 1975). This was done to show the
relationship between the south Hampshire upper brickearth and Laté
Devensian loess occurring to the west and east and between the possible
older loesses from the lower brickearth and known Wolstonian loess.
The variance accounted for and the main minerals influencing
PCl.and FC2 are listed in Table 9.10. The plot of FCl:s PC2 (Fig. 9.11)
completely separates the six groups of sediment involved, showing that
each group has its own distinctive mineralogical assemblége; the Iate
Devensian loesses from different regions have their own local ‘

éharacteristics. The upper brickearth sector does not
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Principal Co-ordinate Vectors and the Minerals Related to Them: South

Hampshire Brickearth and Loess from elsewhere in Southern Epgland

6~-4@ Mineralogy.

Vector:

% of total variability
accounted for: :

Minerals related to
vector in order of
importance:

PC1

31.5

Amphibole(+)
Epidote(+)
zircon(-)
Rutile(-)
Biotite(+)
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PC2

19.7

Staurolite(+)
Kyanite(+)
Flint(-)
Andalusite(+)
Anatase(+)
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lie betweenmthe loess samples taken from east of ;outh ﬁam;shire

(the West Sussex loess) and west (the Dorset and Devon loess) so

the mine;alogical differences between the upper brickearth and the

other lﬁeéses are hotldue solély to weétward gradual changes in the .

mineréloéy éf‘ihejloess. The upper brickearth sector is larger than

any of the ofﬂers thchvmay iﬁéicate that the ﬁpper brickearth

has a ﬁoré¢variable mineralogy, but‘equaliy it may ﬁe because there

are more upﬁer brickearth;aﬁpies éﬁa Bécéuse thége‘wére’taken from

horizons subject to weathering as well as fairly protected horizons.
The two lower brickearth samples have much lower PCl

values than the Wolstonian loesses, which agrees with the

observation made earlier that the two groups of sediments are

mineralogically dissimilar,

9,10 Summary and Conclusions of the 6-4f Mineralogical Analysis

Much of the variability in the mineralogy of the 6-4¢
fraction of the upper brickearth can probably be explained by
variations in the amount of weathering that has occurred, as in the
4-2@ fraction. The mineral assemblages of the 6~4f and 4-2¢
fractions have much in common and the two probably have in part
the same source(s), but the 6-4f fraction has far greater amounts
of easily weatherable minerals than the 4-2¢ fraction. These minerals
are characteristically abundant in Late Devensian loess so they
probably indicate that far-travelled loess is a major constituent
of the upper brickearth, but <£20% of the 6-4f fraction is probably
derived from the local Tertiary strata.

All the lower brickearth samples are fairly similar
mineralogically and contain generally lower amounts of weatherable
species than the upper brickearth, However, it is difficult to
assess their original mineralogical composition, and hence their
origin, because the extent of post depositional weathering is not

known,
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The principal co-ordinate analyses support these
conclusions. The main source of/variationﬁin the sediments
was found to be the variable content of a group of minerals that
are characteristic of Late Devensian loess, A relative abundance
of these minerals separated the upper brickearth from the lower
brickearth, the Tertiary Sands and the Plateau Gravel. However,
a comparative lack ofethem separated the upper brickearth from
relatively pure Late Devensian loesses from elsewhere in southern

England.
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CHAPTER 10

MICROMORPHOLOGICAL  STUDIES

10.1 Introduction:

The object of micromorphological analysis was chiefly
to distinguish between upper and lower brickearth (especially
where this distinction was qot clear from field and other
laboratory evidence), and to sub-divide the lower brickearth on
the basis of the inferred degree of pedological reorganization
observed in the thin sections., This can be done partly by
deducing the relative order of development of certain pedological
features from evidence contained in the thin-sections, but mainly
by the assigﬁing of certain pedological features to specific
Quaternary periods by reference to similar micromorphological
features in soils elsewhere of known age. /Many micromorphological
featu;es of Flandrian soil profiles are known from soils in
southern England (Bullock,1974), but because relatively few
dateable'preéDevensian paleosols have been identified the features
attributable to #he separate interglacial périods afe oniy now
being tentatively estabiished (Bullock,1974; Bullock and Murphy,
1979; Sturdy et al., 1979; Chartres, 1980; Avery et al., 1982).
The process is problematical because soil forming factors other
than time, such as d?ainage and texture, may account for many of
th; differences observed between paleocargillic horizons,
Eherefofe, ﬁntil a framework of Quaternary micromorphology is firmly
established, micromorphological coﬁparisons between paleocargillic
horizons,>such as are made in the following sections, should be

treated with caution,

10.2 Methods.

Thin sections were prepared from the samples collected in

Kubiena tins by a modified version of the methods of Bascomb and
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Bullock (1974), using a crystic resin (SR 1744 9) rather than
Autoplax for impregnation and acetone instead of styrene as
a thinner. The sections were oriented horizontally unless
otherwise stated.

The thin-~sections were described using the terminology
of Brewer (1964) as a basis, but also adopting the modifications
and additions suggested by Bullock and Murphy (1979) concerning
the divisions of size and abundance of features. In some
sections the amounts of the most important features were estimated
by systematic point - counting of about 2000 points on a grid.
This provided a reference guide from which to estimate visually
(1.e. without counting) the amounts of various features in other
thin sections, = In the text, the amounts quoted are visual -
estimates unless they have the suffix p.c. which indicates a point

count.

10.3, Descriptive Terminology

It will help to clarify the following descriptions of the
microfabrics of the brickearth if the nature and presumed origin
of the main features recognised are briefly described first.

a) Plasmic fabrics,

This term concerns the organisation of fine inorganic

(mainly clay-sized ) soil materials, Sepic plasmic fabrics are

characterised by plasma separations = patches of clay with striated
orientation = that usually form due to stresses caused by wetting
and drying of the soil., Plasma separations tend to be common in
old soils (e.g; paleoargillic horizons) giving rise to masepic or
omnisepic plasmic fabrics, and absent or rare in young soils (e.g.

Flandrian soil horizons) resulting in asepic or insepic plasmic

fabrics (Brewer and Sleeman, 1969; Bullock, 1974). However, time
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is not the only factor influencing the development of plasmic
fabrics as the relative amounts of expanding clay minerals in the
gsoil are also important. Thus Flandrian soils rich in expanding
clay minerals may have developed masepic plasmic fabrics or may
inherit plasma separations from the parent material (Bullock, 1974).

b) Arglllans and related clay concentrations

Argillans are concentrations of illuvial clay deposited
by percclating water in subsoil voids (Stephen, 1960). They
have optical continuity, strong preferred orientation and a
laminated apéearaﬂce. Argillans can have a‘rariety of colours,
but nearly‘all of tﬁosefccnd in this'stucy':were ferri-argillans

dur
which are stained yellowish, brownish or reddistho the incorporation

of varying amounts of iron oxides. It is thought that the colours
of ferri-argillans may be diagnostic of clay illuviated during

certain Quaternary periods., Yellowish-brown to reddish-orange -

ferri-argillans are almost universal in Flandrian Bt horizons and
are thus considered to be typical of Flandrian clay illuviation,
Reddish ferri-argillans are found in some paleoargillic horizons,
Stratigraphic evidence shows that reddish argillans were extensively
formed during at least two interglacials in southern England - the
Hoxnian and the Cromerian - but to date there is no conclusive
evidence that they were also formed in the Ipswichian. Egg-yellow
ferri-argillans also occur in paleoargillic horizons, often in
conjunction with reddish ferri-argillans. In paleoargillic
horizons thought to have been formed only during the Ipswichian the
ferri-argillans are often only egg-yellow, though they sometimes
occur with yellowish-brown ferri-argillans which were probably
deposited later (Bullock, 1974; Bullock and Murphy,1979; Sturdy et

al., 1979; Chartres, 1980; Avery et al., 1982),
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Argillans disturbed by pedoturbation such as soil faunal
activity or cryoturbation may be dissociated from their voids to
form papules (regularly shaped bodies of oriented clay). These
are distinguished from papules formed by in-situ weathering of
mineral grains by the optical similarity of the clay to that found

in argillans., Linear clay concentrations may be old ped argillans

which have infilled channels, Irregular clay concentrations can

be formed by compression of void argillans or by completely -
infilling irregularly shaped voids, All of these secondary clay
concentrations, now embedded in the matrix, may have similar colours

(and presumed time of formation) to void argillans.

¢) Fossil aggregates

These are rounded aggregates of soil material, the
majority of whose constituent skeleton grains have their long-axes
oriented at a tangent to the circumference of the aggregate. They
may contain papules and irregular clay concentrations,
suggesting that they formed after one or more periods of clay
illuviation, Fox and Pratz(1981) described similar features that
are forming at present in the Turbic Cryosols of Canada, and
attributed them to cryogenic processes. They coined the fabric
term conglomeric to describe this arrangement of soil constituents.
The identification of such features in paleoargillic horizons
probably indicates a past phase or phases of éryoturbation.

. Other aggregates, probably formed in a similar way

-~

to the fossil aggregates, were found in the south Hampshire soils

PRI

embedded grain matrans are essentially the same as fossil aggregates

except that they have a sand grain at their core around which

finer soil matrix material has accumulated. Embedded grain argillans

are skeleton grains surrounded by clay. They may form by stress
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reorganisation of fine material around the grains, but most of

the features described here are interpreted as having formed by
transportation of normal grain argillans, because the argillans are
rounded}and have a sharp boundary with the surrounding soil matrix,
This interpretation is consistent with that given by Bullock

and Murphy (1979) for similar features they described in a
paleoargillic horizon. In some soils no distincf.foésil aggregates
vere seen (i.e. features with distinct boundaries), but the skeleton
grains were arranged in circular or ellipsoidal patterns. Fox and
Protz (1981) call this arrangement of soil constituents orbiculic
and attribute it also to cryogenic précesses.

d)Nodules and segregations

These ar6h concentrations of iron mineréls in the soil matrix .
Nodules are regularly shaped with a prominent or distinct contrast
to and sharp boundary with the adjoining soil matrii. They are

commonly found t6 be transported features. Segregations are

synonymous with the mottles described in the field and are irregularly
shaped with‘a clear or diffuse boundary aﬁd variable coﬁtrast with
adjacent goil material (Bullock and Murphy, 1979).ﬁ The colour of
nodules and segregations ma& be an indicator of certain periods of
interglacial scil development in a similar way to argillans,

Reddish segregations are commonly present in paleoargillic horizons
andhare thought to have formed duriné at least two interglacials, the
Hoxnian an& Cromérian (Sturdy et al., 1979; Chartres, 1980; Avery

et al., 1982)., As yet there is no conclusive evidence that they
were extensively formed during the Ipswichian. The colour of

these features was assessed in reflected light.

10.4 Results, .

The full descriptions and analyses of the thin-sections are
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presented for each site in section 10.4.2. However, most of
the micromorphological information that was found useful in assessing
the pedological history of the soils came from the Bt horizons

and largely concerned the features described in section 10.3.

This information is first summarised in section 10.4.1l.

10,4.1 Summary of the micromorphological features of the upper

and lower brickearth,

The upper brickearth Bt horizons (Table 10,1) are all
quite similar, Tpey are pedologically comparatively simple;
in each case the plasmic-fabric is insepic and the mean total
illuvial clay content is fairly low, at 3.3%. This clay is almost
universglly yellowish~brown, of which an average of about 30% is
disrupted, Feruginous segregations occur infrequently (mean=0.3%)
and are invariably brown coloured, The mean macro-void area of
the horizons, 14, 4%, is compérati%ely high.

In contrast, the lower brickearth Bt horizons (Table 10.2)
are more complex and variable. Tﬂé plasmic fabrics vary from
insepic to omnisepic but are moét commonly masepic, suggesting they
may have undergone longer periods of ‘soil formation than the
upper brickearth. “ The illuvial‘claf contents are generally higher
(mean=5.l%) and often consist of egg-yellow and red varieties
as well as yellowish brown., The mean total disrupted illuvial
clay content is slightly higher than in the upper brickearth (39%
compared with 31%) but this figure conceals variations between the
different varieties of clay. The mean content of disrupted yellowish-
brown clay, 18%, is lower than for the same variety of clay in the
upper brickearth probably because there is less soil faunal activity
in the lower brickearth (see chapter 5). However, the mean content

of disrupted egg-~yellow clay is 56% and of red clay is 80% . As
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Chilling Copse 3 Bt 4,0 95 3 33 0.5 100 + 10.2
Hook Gravel Pit 3,2Bt 4.1 100 10 10 + 17.4
Lepe Cliff 3 Bt 4.0 100 25 25 + 18,0
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Table 10.1 Summary of the micromorphological characteristics
of Bt horizons in the upper brickearth
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SITE/HORIZON

Beaulieu Heath 7. 2B'tg 2
Lepe Cliff 4. 2Bt

Thorns Farm 5. 2Bt(g)
Tanners Lane 4,2Bt(g)
Ocknell Plain 6, 2Bt(g)3
Rockford Common 3, Bt
Holbury Gravel Pit 1.
Holbury Gravel Pit 4.
Hordle Cliff 2.

Wootton Reath 2, Btgl

11,0 52

ILLUVIAL CLAY

Yell,brn % of total
Yell brn % disrupted
Egg yell % of total

5.9 75 13 15
10 74

4.5 11 15 67
5.6 60 20 40
6.334 0 66
2.8 64 22 36
3.245 0 55
3.245 8 55
2.0 100 75

Egg yell % disrupted

60
43

17 47.9 73

80
80
So
YA
17
34

Red % of total

001
11

Red % of disrupted

Total % disrupted

+ denotes presence of feature

TABLE 10.2

SEGREGATIONS

Yell brn % of total
Brown % of total

Red % of total

Total %

10.5 52 48
0.3 78 22
14.7 88 10
15 10 90
543 96 4
0.1 %5 5
26 81 19

1.5 93 7
19 95 5

30 95 5

Disrupted 1lluvial

Bt horizons in the lower brickearth

clay enclosed
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no process is known which can selectively disrupt different
varieties of illuvial clay, these figures suggest that the red
and egg-yellow clays in the lower brickearth were deposited then
disrupted (probably by cryoturbation) prior to deposition of the
yellowish-brown clay.

Feruginous segregations are much more common in the lower
brickearth Bt horizons (méanvcéntengm='i2.2%) than in the upper
brickearth, and they are more variable, ranging from yellowish-
brown to red. Their relationship to other soil features is also
more complex as they sometimes enclose disrupted illuvial clay
which suggests they formed after deposition followed by
disruption of the clay. Fossil aggregates and orbiculic orientation
of sand and silt grains were found only in the lower brickearth,

In some horizons the aggregates enclose disrupted illuvial clay,
indicating that a period of clay illuviation preceded the cold period.
during which the aggregates formed., The lower brickearth horizons

have a lower mean macro-void area, 11.9%,than the upper brickearth,

10.4.2 Sampled Profiles

10.4.2.1 Sturt Pond

Micromorphological samples were taken from horizons 1(Ah)
at 10-18cmy 2 (Eb) at 38-46cm and 3(Bt) at 768-86cm.

A1l the illuvial clay in the profile is yellowish-brown,which is
consistent with the supposed Flandrian age for soil development in
the upper brickearth. The Bt horizon contains 2.7% (p.c.) illuvial
clay, about half of which occurs as argillans and half as papules
and other clay concentrations (Fig. 10.1). This is a relatively
large disrupted/void argillan ratio compared with other Flandrian Bt
horizons (Bullock,1974), and is possibly due to the exceptionally

high earthworm activity noted in the field description of the profile,
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Fig. 10.1 Thin section from horizon 3 (Bt) Sturt Pond.

The yellowish patches are illuviul clay. Note that a high proportion
are disrupted and not associated with voids (black areas). Frame

length 3mm, cross polarized light.
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The Eb horizon contains about 0.5% illuvial clay, and a few intact
argillans were also found in the Ah horizon. As argillans are
not normally found so near the surface in argillic brown earths,
this evidence suggests that the profile was eroded at some time
after the onset of clay illuviation,

Typically for a Flandrian soil profile, the Eb and Bt horizons
have _skel;insepic plasmic fabrics, the stress reorganised plasma
occurring preferentially around skeleton grains. The Ah horizon
has less reorganization of the plasma, and is silasepic. Ofgapic
rich void matrans (organans) attributable to earthworm activity
are present throughout the profile., Calcite concentrations in the
matrix and on macro-voids (calcitans) were found in the Eb and Bt,
This material is probably secondary, and may have been derived .
from chalking of the adjacent field, Rare ferrans or ferruginous
and ferri-manganiferous segregations were found in al}'three
horizons and indicate that drainage is (or was) slightly impeded.
The Bt horizon contains 16.5% (p.c.) macro-voids, consisting mainly
of metavughs, orthovughs and interpedal planes and it has a moderately

developed fine and medium subangular blocky microstructure.

10.4.202. wilverly Plain,

Thin sections were made of samples from horizons 1 (Ah) at
10-18cm, 2 (Eb(g)) at 34-42cm and 3 (Btg) at 44-52cm,

Illuvial clay was found only in the Btg horizon. The total
amount, approxiﬁately 1.6%,is low for the Btg horizon of a typical
argillic gley soil developed in loess. Two-thirds of this occurs
as intact argillans and one-third as disturbed clay bodies; these are
normal proportions for a Flandrian Bt horizon (Bullock,1974). All
the illuvial clay is yellowish-brown, as in the Sturt Pond profile.
The Btg horizon also has an organisation of the plasmic fabric
similar to that in the Bt horizon of the Sturt Pond profile, and is

in-skelsepic, The Eb(g) and A horizons are dominantly silasepic
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but havemsmeli inclusions of skelsepic plasmic fabric; which
indicates that some soil from the Btg horizon may have been
mixed into these horizons, possibly by soil fauna.

A few brownish neo~ferrans and ferruginous segregations,
indicative of drainage impedance, occur in the Eb(g) and Bt(g)
horizons and are slightly more abundant in the Btg horizon., Rare
brownish ferruginous nodules occur in all three horizons, One
large (600pm diameter) reddish nodule‘containi;; small papules was
found in the Btg horizon., Tpisis almost certainly a pedorelict
derived from an older soil which has been incorporated into the Btg
horizon, possibly by faunal activit& or cryoturbation.

The Btg horizon has a heterogeneous mix of primary particles
with some patches far more sandy than others. This is probably
due to the incorporation by faunal activity or cryoturbation of
sandier layers from the 2 Btg horizon beneath., The Btg horizon has
moderately developed medium and coarse subangular blocky microstructure.
It contains about 10% macrovoids, mainly orthovughs, but with
subsidiary metavughs , channels and, in the sandier patches, simple

packing voids,

10.4.2.3 Chilling Copse

Thin sections were made of samples(from horizon 2(Eb)
at 16-24cm and horizon 3(Bt) at 47;55cm;

Illuvial clay, representing 4.0% (p.c.) of the total area,
was found only in the Bt horizon. This clay is mostly yellowish
brown with rare reddish orange bodies, as is norral in Flandrian
soils (Chartres;l980). Approximately two-thirds of the illuvial
clay occurs as intact argillans and one-third as irregular or
linear clay concentrations, the same proportion of disturbed/
undisturbed illuvial clay as in the Wilverly Plain profile. Both

the Eb and Bt horizons have in-skelsepic plasmic fabrics.
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Few brownish ferruginous segregations occur in the Eb and Bt
horizons. Ferrans are few in number in the Eb horizon and rare
in the Bt horizon. The Bt horizon also contains rare ferruginous
nodules, 3

The total macrovoid area of the Bt horizon (10.2%) is
similar to that of the Btg horizop of the Wilverly Plain profile,
and consists mainly of‘metavughs? orthovughs, intrapedal channels

and rare skew planes, The microstructure is moderately developed,

fine.aﬁd medium, subangular blocky.

10.4.2.4 Hook Gravel Pit

~ Thin sections were made of samples from horizons 1(4h) at
9-17cm, 2 (2Eb/Bt) at 30-38cm and 3 (2Bt) at 61-69cm,

Yellowish brown illuvial clay occurs in both the 2Eb/Bt and
2Bt horizons, confirming the transitional nature of the 2Eb/Bt
horizon. The total illuvial clay content of the 2Bt horizon is
4.1%(p.c.)s This clay is composed of fine to medium void and grain
argillans (in\the sandiest parts of the horizon) and rare disturbed
illuvial clay bodies. Some of the clay is well oriented and has
slight;y higher birefringence than most illuvial clay in other upper
brickearth profiles. The 2Eb/Bt horizon has about 1.5-2,0%
illuvial clay which is about two-thirds intact and one-third
disturbed. As in the Sturt Pond profile, the occurrence of
illuvial clay at such a shallow depth may indicate that the profile
was eroded at some time after the onset of clay illuviation, Bothv
the 2Eb/Bt and 2Bt horizons have in-skelsepic plasmic fabrics, but
the 2Eb/Bt horizon also has a few silasepic patches that are probably
derived by faunal mixing from the Ah horizon above.

A few pedorelict ferruginous nodules occur in all three

horizons, as in the Wilverly Plain profile. The 2Eb/Bt horizon
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also has rare ferrans which.may have formed due to slight dfainage‘
impedance caused by illuvial clay accumulation in the underlying
2Bt horizon,

' The total macro-void area in the sandy 2Bt horizon, 17.4%
(p.c.), is high and consists mainly of metavughs, orthovughs,
channels and simple packing voids, The micro-structure is weak,

medium and coarse, subangular blocky.

10.4.2.5 Beaulieu Heath

Thin sections were made.of samples from horizons 1 and 2
'(H/0h and Ah/Ea) at 2-10cm, horizons 3, 4 and 5 (Bh, Bs(g) and
2E'g) at 18-26cm (vertical), horizon 6 (2B'tgl) at 42-50cm and
horizon 7 (ZB'th) at 65=T2cm (vertical and‘horizontal).

Illuvial clay is present in all the horizons developed in the
lower brickearth, the 2E'g, 2 B'tgl and 2 B'tg2 horizons., 1In the
2E'g horizon Both the amount and original colour of this clay were
difficulf to assess because it is partly obscured by brownish
ferruginous segregations. However, the presence of illuvial
clay shows ;hat this was not always an E horizon., Point counting
gave 5.,1% illuvial clay in the 2 B'tgl horizon and 5.9% in the 2B'tg2
horizon, which are higher amounts than in eny of the Bt horizons of
the profiles develeped in ufper brickearth, Furthermore, in both
hofizons fe;ruginous segregations oﬁscured part of the matrix and
eome of the abundant stress-reorganized clay that is present may
originaliy have been illuvial, so the total amount of illuvial clay
in the herizons was probably underestimated, In both the 2B'tgl
and ZB'th horizons about 80% of the illuvial clay is yellowish
brown. In the 2B'tg2 horizon the remainder is divided between
egg—yellow and red in the proportion 3:2. In both horizons

nearly all the yellowish-brown illuvial clay occurs as undisturbed

argillans, but the egg-yellow and red clays are about 60% papules
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and irregular clay concentrations and 40% intact argillans (Fig 10.2)
This suggests that the egg-yellow and red illuvial clays were
disturbed prior to the deposition of the yellowish brown clays. In
this respect the two horizons are similar to palecargillic
horizons described elsewhere\ that display a high ratio of disturbed
to undisturbed egg-yellow and red clays, presumably as a result of
cryoturbation after illuviation of the clays (Bullock, 1974).

All three horizons in the lower brickearth diéplay greater
re~organization of the plasmic fabric than was found in the upper
brickearth profiles; the 2E'g horizon is in =vo-skelsepic aﬁd the
2 B'tgl and 2 B'tg2 horizons are skel-masepic, The Ah/Ea, Bh and
Bs(g) horizons in the upper brickearth are isotic due to the
influence of organic matter and ferruginous segregations,

Fossil aggregates form at least 10% of the soil in the
2 B'tg2 horizon and also occur rarely in the 2B'tgl horizon. They
range from 0.4 to 2 mm in diameter but usually lie between 1l-1,5mm
(Fig 10.3). They often contain papules and irregular clay
concentrations which are usually red but also egg-yellow. This
suggests that the aggregates formed after one or more periods pf
interglacial clay illuviation. The aggregates often occur in clusters
separated by compound packing voids, Similar concave inter-
aggregate voids have been noted elsewhere in sediments subject to
cryogenic processes (Van Vliet-Lanoe, 1976). These voids are
often partlj iﬁfilled with red, egg;yellow or yellowish brown
argillans (or combinations of these), suggesting that interglacial
clay illuviation also occurred after the formation of some of the
aggregates and that some of the aggregates and voids have remained
stable over long periods (Fig. 10.4). Many aggregates have red or
egg-yellow stress reorganised clay "streamers" around their outer
edges. Although they are interspersed with some silt or sand

grains, the concentration of clay in these rinds is far higher than
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Fig. 10.2 Thin section from horizon 7 (2B'tg2) Beaulieu Heath.

The reddish zones are irregularly shaped bodies of intrapedal illuvial

clay. Frame length 790pm, cross polarized light.
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Fig. 10.3 Thin section from horizon 7 (2B'tg?2) Beaulieu Heath.
A group of large reddish fossil aggregates. Note the smaller

aggregates subsumed in the large ones and the partially reddened

illuvial clay body between the aggregates near the frame centre.

Frame length 9.84mm, plane polarized light.
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pig. 10.4 Thin section from horizon 7 (2B'tg2) Beaulieu Heath.

Compound packing void between fossil aggregates, partly filled with

a compound red/egg yellow argillan. Frame length 79me, cross polarized
light.
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in the matrix, which suggests the clay may originally have been
illuvial., If so, the clay is likely to have become oriented

around the aggregates as a result of transportation. Rare embedded
grain matrans were found in the 2 B'tg2 horizon and rare embedded
grain argillans occur in the 2 B'tgl horizon.

A few ferrans and brownish ferruginous segregations were
found in the Bh horizon. The Bs(g) horizon consists of a dense
mat of horizontally oriented dead roots interspersed with inorganic
soil material. The plasma of the soil is coloured orange-brown as
a result of den;e f;;f:gigﬁg; ;;héentration. ﬂ Bréghish ferruginous
segregations and a few ferrans occur in the 2E'g horizon., The
2B'tgl horizon contains 9.T% (p.c.) ferruginous segregations and
the 2B'tg2 horizon contains 10.5% (p.c.). In both horizons these
are brownish and red in the proportions 50: 50. The fossil
aggregates in both these horizons are also often red and set in a
less red or brownish matrix which suggests that at least some of
the aggregates formed from soil that already contained red
segregations. Elsewhere, the red segregations appear undisturbed
and occur in patches of soil containing papules, irregular clay
concentrations and embedded grain argillans., These features
suggest that at least some of the rubification occurred after one
or more periods of clay illuviation followed by disruption of the
argillans,

In confrast to the rubified zones, large areas of the 2B'Fg1
and 2B'tg2 horizons are dominantly grey, suggesting they lack
minerals containing ferric oxide., However, within these areas
illuvial clay bodies are often red, This may indicate that the
ferric oxide-containing minerals have been removed from the coarser
g-matrix but have been retained within the clay bodies (Fig. 10.5).

The sand grains occupying the fissure in the 2B'tg2 horizon
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Fig. 10.5 _Thin section from horizon 7 (2B'tg2) Beaulieu Heath.

Part of a grey fossil aggregate. Colour is only present in clay bodies,
notably the large red papule and the yellowish brown argillan. Frame
length 3mm, plane polarized light.




generally have vertically oriented long-axes.s The vertical junction
between the sand and adjacent soil is clear, but smaller
horizontal cracks lead off the main vertical channel, and these are
also filled with sand., The sand in the vertical and smaller
horizontal fissures is far richer in glauconite than the sand
incorporated in the rest of the soil., The 2B'tgl horizon has no sand
filled fissures, but the soil contains far more sand mixed into
the matrix than in the 2 B'tg2 horizon, Like the sand in the fissures
in the 2B'tg2 horizon, th%s:gaQQ'iS‘veryArich in'glauconite which
suggests it may have the same source.

Because of its high sand content, the 2B'tgl horizon has
the high macrovoid area of 22,5% (p.c.). - This falls to 16,1% (p.c.)
in the 2B'tg2 horizon. The 2B'tgl horizon has a moderate, fine and
medium, subangular blocky microstructure, and the 2B'tg2 horizon
has mainly a fine granular microstructure due to the presence of

fossil aggregates,

10.,4.2.6 Lepe Cliff

Thin sections were made of samples from the upper brickearth
in horizon 3 (Bt) at 63=75cm and the lower brickearth in horizon 4
(2Bt) at 100-108cm,

The illuvial clay content is highest in the paleoargillic
2Bt horizon, at 6.6% (p.c.) and is about 4% in the Bt horizon (upper
brickearth). As in the other upper brickearth profiles, all the
illuvial clay in the Bt horizon is yellowish-brown, and about 75%
occurs as undisturbed argillans, In contrast, 74% of the illuvial
clay in the 2 Bt horizon is egg=-yellow and 26% is yellowish brown
(Fig. 10.6). About 90% (p.c.) of the yellowish brown clay is
undisturbed argillans whereas only 5T% (p.c.) of the egg-yellow clay
is undisturbed. As in the Beaulieu Heath profile, this suggests
the yellowish-brown clay was deposited in the 2Bt horizon after some

disturbance of the egg-yellow clay. The plasmic fabric of the Bt

horizon is skel-insepic, but the 2 Bihorizon has more stress
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Fig. 10.6 Thin section from horizon 4 (2Bt) Lepe Cliff.
Large papules of egg-yellow clay in a silty matrix. Frame length 790pm,
plane polarized light.
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reorganized clay and is in-masepic,

Fossil aggregates or patches of soil with orbiculic
orientation of skeleton grains form the greater part of the 2Bt
horizon in the lower brickearth. These are maihly 0¢3=1,5mm in
diameters In contrast to the Beaulieu Heath profile, the aggregates
do not contain papules or other disturbed clay bodies, which suggests
they formed before the illuviation of the egg-yellow clay. They do
however, hav;‘s;mzlér stress—reorganisga”;I;;w;tream;;s ar;und their
edges (Fig. 10.7). As with the streamers in the Beaulieu Heath
profile, these may have originated as illuvial clay,

The Bt horizon has rare ferruginous nodules but no
segregations or ferrans, The 2 Bt horizon contains few ferruginous
.segregations-and nodules which are mainly brown, but occasionally red.
In common with the Beaulieu Heath profile, grey patches of soil,
possibly depleted of iron minerals, occur in the 2Bt horizon. Rare
calcitans‘and secondary calcite concentrations also occur in the
2Bt horizon,

In the Bt horizon macrovoids make-up 18% of the total area,
and consist mainly of metavughs, orthovughs and rare interpedal
planes. The 72Bt horizon has a lower macrovoid area of 11.8% (p.c.)
because the fossil aggregates which make up most of the soil are
very densely packed and contain no voids.s In this horizon compound
packing voids (between fossil aggregates) are dominant with
subsidiary orthovughs, metavugﬁé and channels, Both horizons have

a moderate fine and medium subangular blocky microstructure

10.4.2.7 Thorns Farm

Thin sections were made from samples taken from the upper
brickearth in horizon 1 (Ah) at 22-30cm, horizon 2 (Apg) at
26-44cm, horizon 3 (A/E(g)) at 50-58cm and horizon 4 (Eg) at 68-76ecm

and from the lower brickearth in horizon 5 (2Bt(g)) at 94-102cm,
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Fig. 10.7 Thin section from horizon 4 (2Bt) Lepe Cliff.

Group of fossil aggregates with stress-reorganised clay streamers at
their margins. Frame length >mm, cross polarized light.
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Illuvial clay occurs in all horizons beneath the Ah horizon.
In the Apg horizon. very rare yellowish brown argillans speckled with
organic matter line some voids, and in the A/E(g) and Eg horizons
a few undisturbed yellowish brown argillans occur. In both these
horizons rare egg-yellow papules and irregular clay concentrations
occur within patches of soil containing brown segregations that
have probably been derived by mixing from the 2Bt(g) horizon below.
The 2Bt(g) horizon in the lower brickearth has a very high illuvial
clay content of 11.0%(p.cs), about half of which is egg-yellow and half
yellowish brown. Very rare reddish argillans were also found,
About one~-third of the illuvial clay is obviously disrupted, but
much of the remainder completely infills voids, and may also have
been subject to stress. Some voids have compound argillans
consisting of egg-yellow then yellowish brown clay towards the centre
of the void, The plasmic fabric of the 2Bt(g) horizon is skel-
masepic, but the soil material in the horizons of the upper brickearth
above are less reorganised in that the Ah and Apg horizons are
silasepic and the A/E(g) and Eg horizons are in-skelsepic.

- Fossil aggregates and embedded grain matrans are extremely
common in the 2Bt(g) horizon and form 35.5%(p.c.) of the thin section
analysed. Both features are normally 0.2-0.4mm in diameter but
occur up to 1l.8mms The 'host' skeleton grains of the embedded grain
matrans are not less than 20pm in diameter. - Both features have
identical thick coats (comprising 30-45%(p.c.) of the total area
of the feature) that consist mainly of silt grains whose long-axes are
oriented tangentially to the circumference of the aggregate or
skeléton grain. These coats are brownish and are a slightly lighter

shade (i.e. they have higher value and chroma) than the

centre of the aggregates.,  Some of -the larger aggregates contain
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small aggregates and embedded grain matrans within them, None of
the aggregates or embedded grain matrans enclose disrupted illuvial
clay, so they probably formed prior to the onset of clay illuviation
in the profile. However, they are often embedded within masses of
disrupted egg-yellow clay, which suggests they retained their form
during one or more periods of illuviation followed_by,disruption,
possibly by cryoturbation (Fig 10.8).

Ferruginous segregations are common in the 2Bt(g) horizon,
occupying 14.7%(p.c.) of the matrix. These are almost all brownish
in reflected light, but very rarely reddish. Rare black manganiferous
segregations also occur, The aggregates and embedded grain matrans
are often enclosed by the brownish segregations, suggesting that
the segretations formed later. Apart from the brownish segregations
‘1likely to have been derived from the 2Bt(g) horizon (mentioned above)
the Eg, A/E(g) and Ah horizons contain only rare ferrans.

Both the Eg and 2Bt(g) horizons have heterogeneous mixtures
of sand and silt particles. The Eg ﬁorizon is dominantly sandy
but contains silty patches (with brownish segregations and egg~yellow
clay) probably derived from the 2Bt(g) horizon beneath, and silty
patches with in-skelsepic plasmic fabric probably derived from the
A/E(g) horizon above. The 2Bt(g) horizon is dominantly silty, but
concentrations of sand, possibly derived from the overlying Eg
horizon, occur in places. In contrast to the sand grains seen
elsewhere in the thin section, these grains do not have silty
matran coats, and were therefore pfobably nixed into the horizon
after the period of embedded grain matran formation.

The Eg horizon has about 15% void space, mainly orthovughs,
interpedal planes, metavughs and simple packing voids., The
microstructure is weak, medium and coarse subangular blocky. The

2Bt(g) horizon has 11.8%(p.c.) voids of similar form to those in the
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Fig. 10.8 Thin section from horizon 5 (2Bt(g)) Thorns Farm.

A cluster of fossil aggregates embedded in a mass of disrupted illuvial

egg-yellow clay. Frame length 3mm, plane polarized light.



horizon above except that compound packing voids also occur between

clusters of fossil aggregates and embedded grain matrans.

10.4.,2.8 Tanners Lane

Vertical)thin sections were made of samples taken from
horizon 3 (Eb(g) and 2Btg) at 66-74cm.and hor‘izon 4 (2Btg2) at A
109-117cm,

The 2Btg2 horizon (in the lower brickearth) contains about
4.5% illuvial clay, most of which is egg-yellow, In common with
most other lower brickearth horizons, about two-thirds of the illuvial
clay is disrupted. In places where disturbed clay bodies are
enclosed by red segregations, the clays are also often red, The
horizon has a masepic plasmic fabric and much of the stress reorganised
clay could originally have been illuvial. The Eb(g) and 2Btg
horizon contains about 4% illuvial clay, most of which is yellowish
brown and undisturbed, but egg-yellow papules and irregular clay
concentrations occur within red segregations., The plasmic fabric is
generally skelsepic, as in many Flandrian horizons, but masepic patches
occur in proximity to red segregations,

Red ferruginous segregations are common in both horizons.

In the 2 Btg2 horizon they often enclose disturbed illuvial clay,
which suggests they formed after a period of clay illuviation followed
by disruption. In the Eb(g) and 2Btg horizon the segregations are
more localised and enclose egg-&ellow clay and masepic plasmic fabric,
This suggests that the soil in which they are found was mixed into the
upper brickearth of the horizon from the 2Btg2 horizon beneath ..

As in other lower brickearth horizons, grey areas of soil occur
adjacent to red segregations in the 2Btg2 horizon. These areas
contain disturbed illuvial clay bodies of similar dimensions and
birefringence totwse occuring within the red segregations, but their

colour is pale yellow or grey as opposed to egg-yellow or red (Fig 10.9).
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Fig. 10.9 Thin section from horizon 4 (2Btg?) Tanners lLane.

Grey-coloured masses of intrapedal clay. Frame length 79me, cross

polarized light.



This suggests that these illuvial clays within the greyish zones
have lost their colour due to the reduction and removal of iron
oxide minerals. If so this suggests that it is not reliable to use
colour - alone as a guide to the origin of illuvial clay., - .

The  2Btg2 horizon contains common fossil aggregates -
ranging in diameter from 0,5-2.5mm, These.do not contain papules
or irregular clay concentrations,. but many contain much stress
reorganised clay which originally may have been illuvial in part.
Thus, the aggregates may have formed-after a period of clay illuviation.
Nearly all the undisturbed egg-yellow argillans in the section occur
in voids within the aggregates; no argillans were found on . o
structural faces in the section. This suggests that.the internal
fabric of the-aggregates has remained relatively stable since the
deposition of at least some of. the-egg-yellow clay. .

The total macro void area of the 2 Btg2 horizon, 8%, is small,
in common with most other horizons in the lower brickearth. The -
voids are mainly . metavughs and interpedal . .channels,.with rare-skew
planes and orthovughs, The microstructure is fine, medium and coarse
subangular blocky. .The Eb(g) and 2Btg horizon-has about 17%
macrovoids consisting mainly of-simple packing voids and channels

and the microstructure is weak coarse subangular blocky.

10.4.2.9 Ocknell Plain

Thin sections were made of samples from horizon 2 (Ah) at
5cm depth in the upper brickearth and from horizons 5 (2Bt(g)2)
at 29-3Tcm and 6 (2Bt(g)3) at 60-68cm in the lower brickearth,

One intact yellowish-brown void argillan was found in the
Ah horizon; which suggests that the upper brickearth may have been
eroded at some time after the onset of Flandrian clay illuviation,

The 2Bt(g)2 horizon contains about 2.5% illuvial clay and this
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figure rises to 5.6%(p.c.) in the 2Bt(g)3 horizon, In the 2Bt(g)3
horizon, about 40% of this clay is egg-yellow, and 60% is yellowish
brown, '~ About 80% of the egg-yellow clay is disturbed, whereas only
about’ 20% of the yellowish-brown is disturbed vwhich again suggests
that egg—jellow clay was disrupted prior to the deposition of the
yellowish brown clay. 1In the 2Bt(g)2 horizon nearly all the -
illuvial clay appears yellowish brown, and about 40% is disturbed.-
However, this horizon has extensive greyish areas (as in the 2Bt(g)2
horizon of Tanners Lane profile); some of the illuvial clay may
originally have been egg-yellow but is now partly depleted of its
iron-oxide minerals. The 2Bt(g) 2 horizon has a ma-skel-insepic plasmic
fabric, but the 2Bt(g)3 horizon is slightly more reorganised and
is skel-vo-masepic. '~ The Ah horizon is isotice

Fossil aggregates, 0.3-1.5mm in diameter, occupy at least
5.3% of the 2Bt(g)3 horizon. No definite aggregates were seen’
in the 2Bt(g)2 horizon but orbiculic orientation of skeleton -grains
occurred in places." In both horizons, however, a large proportion
of ‘the voids are arcuate like the compound packing:voids found-
between fossil aggregates at other sites. ~ Thus both horizons -
may once have’had many more aggregates which' cannot now be ' -
recoéﬁiéed “because their boundaries are largely obscure. ' None of
the aggregates contain disrupted illuvial clay so they.probably
formed prior to the onset of clay illuviation., ~ As at-other sites,
many of the aggregates have stress-reorganised, -possibly originally
illuvial, clay around” their margins., The 2Bt(g)3 horizon also
contains rare embedded grain argillans, - L

" “Both the 2Bt(g)2 and 2Bt(g)3 horizons have moderate medium. -

subangular blocky microstructure. Tpe’ total macrovoid area of the -
2Bt(g)2 horizon is about 15%, but this falls to around 9% in the

2Bt(g)3 horizon., In both cases the voids are mainly compound -packing

voids, metavughs and orthovughs with rare channels and skew planes.
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10.4.2,10 Calveslease Copse

Samples for micromorphological analysis were extracted from
the undifferentiated brickearth in horizons 1 at 17-25cm, 2 at
52-60cm (vertical) and 3 at 85~93cm (vertical) and 152-160cm
(vertical).

Horizon 1 consists largely of loosely packed sand grains many
of which are surrounded by tangentially oriented silty coats (embedded
grain matrans) or yellowish-~brown illuvial clay. Most of the clay
is undisturbed (giving the soil an intertextic elementary fabric), but
a few rounded embedded grain argillans also occur. Rare, rounded
egg-yellow papgles.(gigelo.lo) and fossil aggregates are present.

The papules are surrounded by silt with a colour and masepic plasmic
fabric organisation similar to that surrounding the embedded grain
matrans and forming the fossil aggregates.

This horizon has probably been formed of material transported
to the site. The papules, fossil aggregates and embedded grain
matrans probably originated in one or more paleoargillic horizons
judging by the plasma organisation and the colour of the illuvial
clay. These disrupted paleoargillic horizons probably contained
appreciable quantities of silt, some of which now adheres to
skeleton grains and papules and some forms the fossil aggregates.

As most of the sand grains have no adhering silty coat, there is

no evidence that they are derived"from a pdeoargillic horizon. The
sand grains, papules, fossil aggregates and embedded grain matrans

all have similar dimensions, so it is likely that they were subject
to sorting during transport to the site. In-situ pedogenesis after
emplacement of the constituents is shown by the presence of yellowish
brown clay that was probably translocated during the Flandrian period.

Horizon 2 has a similar appearance to horizon 1 except that

the sand grains are sorted into laminae., The sand grains in each
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Fig. 10.10 Thin section from horizon 1 at Calveslease Copse.

Rounded egg-yellow papule surrounded by silt coat within a mass of

similarly coated sorted sand grains.
light.

Frame length 79me, cross polarized



lamination have a slightly different average particle size,

Embedded grain mq?rans, fossil aggregates and*egg-ye}low papules

are present, but they are less common than in horizon 1, Undisturbed
yellowish brown illuvial clay is about twice as abundant as in
horizon 1 and occupies about 4% of the thin section. This clay
bridges the voids between sand grains and also lines many of the
pseudo~horizontal voids that separate the laminae. The latter

voids are also commonly lined with reddish neo-ferrans equivalent

to the reddish-~brown ped coats recognised in the field. Where the
ferrans enclose void argillans the clay is colourgd brown. A few
blackish and reddish-brown manganiferous and ferruginous segregations
also occur. This horizon probably has a similar origin to horizon
1, but the relative scarcity of egg-yellow papules, embedded grain
matrans and fossil aggregates suggests that less of the material

was derived from a paleocargillic horizon,orthat more of these features
vere destroyed during transport,

Horizon 3 is also composed of well defined laminae; these
mainly consist of densely packed silt, but rare sandy layers also
occur. The bulk of the horizon is conspicuous for its lack of voids and
{1luvial clay. ©Pseudo-horizontal voids between the laminae are
almost completely absent at 152-160cm, but occur occasionally at 85~
93%cm and are lined with yellowish brown argillans, Tpe silty
laminae are generally brownish coloured with insepic plasmic fabrics,
However, they contain a few reddish fossil aggregates and rounded
egg-yellow papules, especially at 152-160cm. The sandy laminae at
152-160cm contain more voids and most of these are filled with
disrupted reddish orange and egg-yellow clay. A large vertical
channel crosses all the laminae at 152-160cm, It is lined with
a thick compound argillan which consists of disrupted egg-yellow
clay at the void edge and undisturbed yellowish Prown clay towards

its centre (Fig. 10.11). This suggests the channel has been open
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Fig. 10.11 Thin section from horizon 3_(152-160cm) Calveslease Copse.
The large vertical channel is lined with a compound argillan of disrupted

egg-yellow and undisturbed yellowish-brown clay. Frame length 3mm,

cross polarized light.



through two periods of clay illuviation, separated by a period
of cryoturbation,

Many of the laminae are broken and displaced vertically,
and within some of these there is a weak orbiculic orientation of
the silt grains. This suggests that some disturbance, probadbly
cryoturbation, has affected the horizon after emplacement of the
laminae. The horizon has a very low macrovoid spaququa%:gg;c.) in
common with many of the lower brickearth horizons, qaﬁikétﬁo;;zons
1 and 2, there is evidence in the fossil aggregates and papules
éhat this horizon was derived at least partly from pre-existing
paleoargillic horizons., However, the egg-yellow clay lining the
vertical channel and voids between sand grains is evidence of interglacial
clay illuviation having occurred in-situ, Moreover, the disturbance
of the egg-yellow clay and of many laminae and the formation of
circular arrangements of silt grains suggest that cryoturbation
affected the soil prior to the deposition of the yellowish brown
clay. A puzzling feature of the horizon is the insepic plasmic'
fabric of most of the laminae: stronger stress reorganisation of the

plasma is typical of pre-Devensian pedogenesis.

10.4.2.11 Rockford Common Gravel Pit,

Thin sections were made of samples taken from horizons
2(Eb) at 27-35cm in the undiferentiated brickearth and 3(Bt) at
45-53cm in the lower brickearth.

The Eb horizon is silasepic and contains less than 0,1%
yellowish brown argillans in one small patch. In these respects
it resembles the upper brickearth. The Bt horizon, in contrast,
is skel-masepic and contains 6.3% (p.c.) illuvial clay. About 64%
of this is egg-yellow, half of which occurs as disturbed irregular
clay concentrations and papules (Fig.10.12). The remainder is

yellowish-brown, almost all of which is undisturbed argillans,
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Fig. 10.12 Thin section from horizon 3 (Bt) Rockford Common.

A few grains of quartz embedded within a mass of disrupted egg-yellow
clay. Frame length 79me, cross polarized light.



In places in the Bt horizon the constituent sand grains have
an orbiculic orientation up to 3.5mm in diameter and the spaces
between the grains are often occupied by papules of egg-yellow clay.
This suggests that a period of cryoturbation followed illuviation
of the egg-yellow clay, Rare brownish ferruginous segregations and
reddish nodules occur in the Bt horizon. The total void area of
the Bt horiion £§ IT%{éié:j"ébnsiééigé m;i;if ;} simﬁié75;;£lnéy
voids, orthovughs, metavughs, and channels, The microstructure is

fine and medium angular blocky.

10,4.2.,12 Holbury Gravel Pit

Samples for micromorphological analysis were taken from the
lower brickearth in horizons 1 at 90-98cm and 4 at 130-138 cm,

Horizon 1 is composed mainly of very densely packed silt.
Fossil aggregates, 0,35«3.5mm in diameter,ﬂform727% ﬂp.c.) of the section.
Some of the larger aggregates are composed of se;eral small ones
closely packed together. As at other sites, many of the aggregates
have stress reoriented, clay rich rinds, which may originally have
been illuvial. No embedded grain matrans were seen. There are
local concentrations of sand grains in the section and these often
surround the aggregates, but are never incorporated within them
(Fig 10.13). This suggests that the sand was mixed into the
profile after formation of the aggregates,

The total illuvial clay content of horizon 1 was point
counted at 2.8%, but this only included optically continu;us clay
bodies (i.e. those with a clear extinction pattern). Other,
stress reoriented,clay bodies are abundant and give the soil an
omnisepic plasmic fabric. Some of this clay may originally have
been illuvial. The illuvial clay is about one-~third egg-yellow
and two-thirds yellowish-brown and pale yellow. About 71% of the

eggbﬂellqw clay is disturbed, but about 78% of the yellowish-brown
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Fig. 10.13 Thin section from horizon 1 Holbury Gravel Pit.

Large silty fossil aggregates with clay-rich rinds surrounded by

concentrations of sand grains. Frame length 3mm, cross polarized light.



and pale yellow clay occurs as intact argillans, Some egg-yellow
papules and irregular clay concentrations occur within single

fossil aggregates and between the secondary fossil aggregates forming
larger aggregates. This suggests that some illuvial clay was
present before some of the aggregates were formed,

Ferruginous ségregétions comp;isew26%L(p,9)#of the section
and about one-fifth of these are red. The remainder are
dominantly yellowish-brown but within these the flecks of clay
around many silt grains are red. The reddish segregations sometimes
enclose bodies of disrupted illuvial clay, suggesting that
rubification occurred after a period of clay illuviation followed by
disruption. Pale grey.areas of soil form 44%(p.c.) of the section
and are generally found between fossil aggregates.and adjacent to
fissures. As in the Tanners Lane profile (section 10.4.2.8), most
of the pale yellow illuvial clay is found in these zones suggesting that
the clay might once have been redder.or yellower. The total void
area of the section is low, at 8% (p.c.) and consists mainly of skew
planes with rare orthovughs, metavughs and chambers. The micro-
structure is medium angular blocky and large fossil aggregates form
the centre of most structural units,

Horizon 4 has a strikingly lower level of pedological
re-organization than horizon 1. The plasmic fabric is mainly
in-skelsepic, with patches of masepic. The total illuvial clay
content, at 3.2%(p.c.) is actually higher than in horizon 1, but
there is far less stress-reorganized clay. The illuvial clay is about
half egg-yellow and half yellowish-brown. All the yellowish brown
clay forms undisturbed argillans, and a far greater than normal

proportion of the egg~yellow clay is also undisturbed, about 80%(peCs)e

Fossil aggregates are very rare (about 0.5%) compared with other lower

brickearth horizons, and no embedded grain argillans or matrans were
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seen. ' This evidence, in conjunction with the low disrupted/intact
egg-yellow clay ratio suggests that cryoturbation has been far less
active in this horizon than in other lower brickearth horizons,
Ferruginous segregations are also rare, forming about 1.5%(p.c.) of the
section, They are dominantly yellowish-brown, but occasionally reddish.
The total vold area is 12.&%(p.c.), consisting mainly of metavughs

and skew planes., The microstructure is fine and medium subangular

blocky.

10.4.2,13 Hordle Cliff.

A thin section was made of a sample from horizon 2 at 140-148cm
in the lower brickearth.

The éection contains 3.2%(p;c.) illuvial clay, about half of
which is egg-yellow and half yellowish brown. About %% of the
yéiloﬁish—brown clay is disturbed, and only about 34% of the egg-
yellow clay is papules and irregular clay éoncen£rations. Rare
compound argillans of both colours of clay were found., Fossil aggregates
O.3-1mm in diameter, form 2.4%(p.c.) of the section and these sometimes
contain egg-yellow papules, Embedded grain argillans and matrans
form 9% (p.c.) of the matrix and sometimes occur within the fossil
aggregates. Ferruginous segregations form 19%(p.c.) of the section
and the vast majority are yellowish brown though rare red patches
occur.

The void area is 13.1% and consists of skew planes, metavughs,

orthovughs and compound packing voids., The microstructure is

medium and fine subangular blocky.

10.4.2,14 Wootton Heath,

Thin sections were made of samples extracted from horizons 1
(inhg) at 2-10cm (vertical) and 2 (Btgl) at 28-36cm.
The Ahg horizon is heterogeneous, with patches of organic

rich, silasepic soil containing no illuvial clay that are separated
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by less organic, insepic soil containing a few argillans and
disturbed illuvial clay bodies. The insepic patches of soil are
very similar to parts of the Btg horizon and are probably derived
from it. The horizon contains common brown ferruginous
segregations and ferrans,

The Btgl horizon contains about 2% illuvial clay, all
of which is yellowish-brown, in contrast to other horizons in the
lower brickearth., About one-third of this forms argillans and
the remainder occurs as papules and linear irregular‘clay
concentrations, so the disrupted/intact ratio of illuvial clay
is similar to that of the egg~-yellow clay in other paleocargillic
horizons. The plasmic fabric is insepic to masepic. There are
many ferrMginous segregations which are dominantly yellowish-brown
and rarely yellowish-red or red, A few fine brown ferrans line
some voids. The void area of the Btgl horizon is about 12% and is
composed of metavughs, orthovughs and channels, The microstructure

is fine subangular blocky.

10.4.2.15 The colluvial brickearth profiles around the 56m terrace,

a) Profile 1,

Thih gections were made of samples from horizons 1 (Ap) at
g-16cm and 2 (Eb/Bu(g)) at 30-38cm,

In both horizons the soil is heterogeneous with patches of
ver& well/sorted silt surrounded by patches of sorted sand, Earthworm
casts are preéent in horizon 1 and often have a different texture
from the surroﬁnding soil. Voids in silty patches are commonly
partly filled with sand grains.  Rare intact yellowish-brown
argillans occur in the Eb/Bw(g) horizon. The Ap horizon is isotic
and the Eb/Bw(g) horizon is silasepic. A few ferruginous nodules

occur in both horizons,
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b) Profile 2

Thin sections were made of samples taken from horizon 1
(Apg) at 12~20cm, horizon 2 (Ahg) at 35-43cm, horizon 3 (Bw(g))
at 46-54cm (vertical and horizontal) and horizon 4 (bihg) at
56=-64cm,

The horizontal thin sections-of all four horizons display .
the same textural heterogeneity as profile 1. Earthworm casts were
found in the Apg and Ahg horizons. The vertical thin section of the
Bw(g) horizon showed the soil to be composed mainly of horizontal
and sub-horizontal laminae, sometimes cross~bedded and averaging
1-2mm thick. The laminae are composed alternately - of tightly packed
very well sorted, silt grains and less well sorted mixtures of sand
and silt grains (Fig. 10.14).

Rare undisturbed yellowish-brown argillans occur in the
bAhg horizon (the buried soil), but not in any of the horizons above,
which suggests that the argillans were present before the bAhg horizon
was burieds Rare rounded yellowish brown papules and embedded grain
argillans occur in some of the laminae of the Bw(g) horizon, which
suggests that part of the material of this horizon was derived from a
pre-existing Bt horizen. The Apg and bAhg horizons are isotic and
the Ahg and Bw(g) horizons are silasepic. Ferruginous segregations
occur throughout the profile and ferruginous nodules are present in
all horizons above the buried soil,

¢)Profile 3

Thin sections were made of samples from horizon 1 (Ah) at
8-16cm, horizon 2 (2Ahg/Bh) at 18-26cm, horizon 3 (3bAhg) at 31-39
cm and horizon 4 ( SBEb/Bw(g)) at 42-50cm,

All four horizons display the heterogeneous separations of
particle size classes deécribed in profiles 1 and 2,

Rare undisturbed yellowish~brown argillans occur in the buried

soil in the 3bAhg and 3bEb/Bw(g) horizons, but not in the horizons
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Fig. 10.14 Thin section from horizon 3 (Bw(g)), profile 2 Longslade
Bottom.

Cross-bedded laminae of sand and silt grains., Frame length 3mm, cross

polarized light.
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above. As in profile 2, this may indicate that they were present
before the deposition of the overlying colluvium, Rare yellowish=-
browﬁ fapules occur in tﬁe Ah horizon, which suggests that this
horigon waé partly derived from one or more pre-existing Bt horizons
Alljf;ur hérizons have silasepic plasmic fabrics, A few ferruginous
nodulés énd’ferrans a;elpresent in all four horizons and a few
ferruginous segregations occur in the 2Ahg/Bh, 3bAhg and 3bEb/Bw(g)
horizons. |

a) Synthesié

The outstanding micromorphological feature of every horizon
in the three colluvial profiles is the heterogeneity due to patches
of soil of different texture. The evidence of the additional vertical
thin section from the Bw(g) horizon in profile 2 suggests that this is
caused by the presence of laminae of different particle size classes.
As the buried soils in profiles 2 and 3 also display these characteristics
they too are probably formed of colluvium,

Mucher and De Ploey (1977) and Mucher et al., (1981) have
noted the micromorphological characteristics of loess reworked by
experimentally produced colluvial processes; rainsplash, flow
without splash and rainwash (i.e. combined splash and flow).
Rainsplash produces unsorted, non-laminated sediments. Flow without
splash results in well-layered, cross-bedded sediments with excellent
sorting., Rainwash forms poorly laminated, poorly sorted sediments
with no cross bedding., Similar sedimentary structures have been
found in naturally reworked loess (Mucher and De Ploey,1977; Vreeken
and Mucher,1981; Mucher and Vreeken,1981).

The well sorted, cross-bedded silt laminae in the Buw(g)
horizon of profile 2 may therefore have formed by flow without splash
and the less well sorted laminae by rainwash. These processes
probably also account for the sorting of particles found in the

other thin-sections,
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Mucher (1974) described the characteristic micromorphological
features of colluvium formed from loess and found common matrans
and matri-argillans thought to have formed as a result of intensive
cultivation. No such features were found in the three profiles
described here, so these soils may never have been intensively
cultivated. The presence of argillans in the buried horizons
of profiles 2 and 3 suggests that these were formerly Bt horizonms,
which must have been truncated prior to deposition of the overlying

colluvium,

10.5 Discussion andAConclusions.

The micromorﬁhology of the four érofiles developed entirely
in upper brickearth is similar to that of Flandrian soils
developed in loess elsewhere in England. All the illuvial clay
found was yellowish-brown or rarely reddish-orange, and in most
cases abouf two-thirds of i1t was undisturbed., The plasmic fabrics
of the Bt horiiohs were typically in-skelsepic and all the in-situ
ferruéinous céncentrations found were brownish coloured. No fossil
aggregates, embedded grain matrans or embedded grain argillans were
found, Flandrian erosion of the Hook Gravel Pit and Sturt Pond
profiles was suggested by the preéence of argillans within the
upﬁermost 30cm of the séii. ~

In contrast, allhthe horizons in the lower brickearth show
a much‘stionger degree of pedological reorganization. They all
display some or all of the foliowing features: egg-yellow or red
illuvial clay, of which a high percentage is disrupted; red ferruginous
concéhtrations,‘masepic or stroﬁger plasmic fabrics; greyish iron
depletéd zoné;; fossii éggregates, embedded grain matrans and
embedded grain argillans; few macrovoids,

Some of the iower brickearth horizons are clearly pedologicallj
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more complex than others. It may be that the horizons described
are of several ages, but the descriptive methods used are not
precise enough to allow a complete subdivision of the horizons into
their respective periods of formation, However, a simple bipartite
subdivision can be made between. horizons providing evidence of only
one phase of interglacial soil formation, and those in which there
is evidence of at least two phases of interglacial pedogenesis,
separated by a period of cryoturbation,

‘ The first group - the 'younger' lower brickearth - comprises
the deposits at Lepe Cliff, Thorns Farm, Ocknell Plain, Holbury
Gravel Pit (Horizon 4), Wootton Heath and Hordle Cliff., As only
one interglacial phase of pedogenesis is evident in the horizons ity
is reasonable to suppose that this was the Ipswichian. Fossil
aggregates and to a lesser extent embedded grain matrans and orbiculic
orientations of skeleton grains are present in all these horizons
except at Wootton Heath; in all but two cases they do not contain
papules or irregular concentrations of egg~yellow clay, so these
cryogenic features probably formed mainly during the Wolstonian cold
period. At Hordle Cliff and Rockford Common Gravel Pit, the
cryogenic features do contain disrupted egg-yellow clay, which suggests
they may have formed during the Devensian. The evidence from all
six sites suggests that fossil aggregate formation was far more
pronounced during the Wolstonian than the Devensian,

Egg-yellow clay is common in all of the horizons except
Wootton Heath, and the ferruginous concentrations present are
dominantly brown or yellowish brown. However, red illuvial clay
and ferruginous concentrations occur rarely in some horizons, which
suggests that red colours were produced by Ipswichian soil formation,
albeit not extensively. This agrees with Chartres(1980) evidence from

/ .
the Kennet, Valley. .
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The second group - the ‘older' lower brickearth - comprises
the deposits at Beaulieu Heath, Tanners Lane and Holbury Gravel Pit
(Horizon 1), Evidence for two or more phases of interglacial soil
formation in these horizons is provided by the occurrence of red
_ segregations énélosihg papules of red or egg-yellow clay, and/or fossil
aggregatés containing papules 6f red or eggéyellow élay'separated by
voids filléd‘Qith red or égg-yeilow cléy. These horizons‘contaih
coﬁmon réa éegregations also, and this is further evidence that they
were weathereh during the Hoxnian and'perhaps earlier interglacial
periodé, when exﬁensive rubificatioﬁ is known to have occurred (Avery
et al., 1982).

| The'miciomorpholbgicai anélyées also indicate the periods of
soil formation undergone by the undifferentiated brickearths,
Horizon 2 (ES) of the Rockford Common profile contains similar
micromorphological features to Flandrian soilé, as do horizons 1 and
2 of the Calveslease Copse pfofile, although the last two horizons
also contain méterial‘probably derived from pre-existing paleoargillic
horiions. Horizoﬂ 3 at Calveslease Copse contains evidence of
inferglacial pedogenesis ggzgizg,vand part of the soil was probably

derived from yet earlier paleoargillic horizons,

-
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CHAPTER .11

DISCUSSION AND CONCLUSION.

1.1 Introduction

This chapter draws together evidence from the fieldwork
(Chapters 4 and 5) and the various laboratory analyses (Chapters 6
to 10) to help explain the nature, origin and distribution of the
brickearth, both at the selected sites and in general for the whole
study area. This is done first for each of the selected sites
in section 11.2, where the profiles are divided into four groups
according to the oldest brickearth present: colluvium, upper
brickearth, moderately weathered lower brickearth or strongly
weathered lower brickearth. Sections 11.3 and 11.4 summarize the
evidence for the age, environment of deposition, weathering and
erosion of the upper and lower brickearth respectively in south
Hampshire, and section 11.5 shows how this data can be used to infer
minimum ages for same of the terrace surfaces. The principal

conclusions of the work are presented in section 11.6,

11.2 The Development of the Selected Profiles

11.2.1 Profiles with strongly weathered lower brickearth

11.2.1.1 Beaulieu Heath (see also sections 5.2.4, 8.4.4, 9.3.2, 9.7.2
and 10.4.2.5)

This profile is one of the most complex studied and the
sequence of events that formed it is consequently difficult to
deduce. Sandy upper brickearth, equivalent to the lower parts of
the upper brickearth,; forms a thin layer (Ah/Ea, Bh and Bs(g)
horizons) over the lower brickearth. The field and micromorphological
evidence shows that sand has been mixed into the lower: brickearth,
either intimately or as discrete fissure fillings and pockets,

- probably after the interglacial soil characteristics were developed.

The granulametric evidence suggests that this sand is upper brickearth
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(it has almost identical textural characteristics to the Eg horizon
at the base of the upper brickearth at Thorns Farm), but the
mineralogical evidence fails to confirm this, probably because
podsolisation has caused severe weathering of the identifiable
characteristic loess minerals and because the mixing of the upper
and lower brickearth prevented an uncontaminated comparative sample
of lower brickearth being obtained.

The intimate mixing of the upper and lower brickearth in the
2 E'g and 2 B'tglhorizons could have been achieved by the Late
- Devensian cryoturbation or by early Flandrian bioturbation. The
2B!'tg2 and 2B'tg3 horizons, in which the fissures survive, probably
escaped much of this mixing. By implication, therefore, the fissures
might originally have extended to the surfacé through what are now
the 2B'tgl and 2E'g horizons. The origin of the fissures is not
clear. Their association with a periglacial deposit (the upper
brickearth) suggests they could be thermal contraction cracks, which
form in periglacial regions when the ground surface freeZes and
contracts in winter (Embleton and King, 1975). These are often filled
with other sediments either immediately after formation or later,
after the melting of the ice-veins and wedges that sometimes occupy
them. However, the pseudo-polygons which the fissures form in plan
in the 2B'tg2 and 2B'tg3 horizons are only 3 to 5 cm, in diameter,
and this is much smaller than normal for ice-polygons (Embleton
and King, 1975). An alternative possibility is that the fissures
originally formed during an interglacial period due to desiccation.
Soils with desiccation cracka(vertisols) occur today in regions
with a pronounced warm-dry season, such as the Western Mediterranean
(Buripgh‘, 1979) and this type of climate is thought to have been
responsible for the formation of paleoargillic horizons during

interglacials in England and N.W. France (Boulaine in Federoff, 1966;
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Catt, 1979). Thus the fissures may have formed during the -
Ipswichian, but they would have had to survive Early and Middle
Devensian cryoturbation in order to receive aeolian sand in the
Late Devensian.

The micromorphological evidence suggests that the lower
brickearth (2E'g and 2 B'tgl-3 horizons) was subject to pedogenesis
during at least two interglacials and is thus probably at least as
old as the Hoxnian. The texture of the deposit has been modified
during its long post-depositional history by weathering, clay
illuviation and mixing with other deposits such as the upper brickearth.
Consequently its original nature 1s obscure and it is not possible
to decide how it was deposited.

11.2.1.2 Tanners Lane (see also sections 5.2.7, 8.4.7, 9.7.5, and 10.4.2.8)

A thin layer of sandy upper brickearth (Ah(g) and Eb(g) horizons)
overlies the lower brickearth (2Btgl~4 horizons) here; as at Beaulieu
Heath, the field and micromorphological evidence shows that the two
deposits are mixed near their junction, probably by cryoturbation,
and sand-filled fissures are present in thé lower brickearth. The
micromorphological evidence of at least two phases of interglacial
pedogenesis in the lower brickearth suggests the deposit was weathered
during the Hoxnian and this agrees with the presence of common coarse
red mottles (red ségregations in thin section) in most horizons which
are thought to be typical of Hoxnian and earlier interglacial
pedogenesis (Chartres, 1980; Avery et al., 1982).  Although this
indicates that the lower brickearth has been weathered over a longer
period than the other 5m terrace deposits, at Lepe Cliff and Thorns
Farm, the Tanners Lane sediment neverthélessn contains more weatherable
silt minerals, which implies it must origiﬁally have had a much
greater content of these minerals. The micromorphology of the 2Btg2

horizoh suggests that the greyish appearance of some parts of the
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horizon is due to removal by weathering of iron oxide minerals.
The same process might account for the absence of red mottles in
the 2Btg3 horizon.

The main indicator of the origin of the lower brickearth
is its content of smooth, rounded flint pebbles. These cannot
have been introduced to the sediment from the underlying terrace
gravel by cryoturbation because the terrace gravel here (as elsewhere)
is composed of subangular flints. The pebbles were probably an
original constituent of the deposit. Similar pebbly clays often
occur within marine or estuarine sediments, such as those deposited
in Southampton Water during the Flandrian (Hodson and West, 1972).
Thus the lower brickearth here might be an estuarine or marine
sediment; its time of deposition can only be estimated (from the
micromorphological evidence) as Hoxnian or earlier.

11.2.1.3 Holbury Gravel Pit (see also sections 5.2.11, 9.3.8, 9.7.9,
and 10.4.2.12)

This site is notabie as the only one described with two layers
of lower brickearth, one strongly weathered and the other moderately
weathered. The two layers are clearly separable on field,
granulometric and micromorphological evidence. The upper deposit
(horizon 1) has common coarse red mottles, a very high clay content
and evidence of more than one phase of interglacial soil development,
whereas the lower deposit (horizon 4) has no red mottles, a
moderately high clay content and micromorphological evidence of only
one phase of interglacial pedogenesis. This suggests that normal
stratigraphical relationships at the site are reversed, and the
upper deposit is the older.

The field and micromorphological characteristics of the
upper deposit are similar to thoseof the lower brickearth at

i

Tanners Lane and Beaulieu Heath, and suggest that the material is
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_ at least as old as the Hoxnian.  Sand appears to have been mixed
. into the horizon after the periods of interglacial pedogenesis
and,as at Beaulieu Heath and Tanners Lane, this sand could have
come from the upper brickearﬁh. There is insufficient evidence
of the original characteristics of the deposit to indicate its
original mode of deposition, .

The lower deposit has similar field colours and
micromorphological characteristics to the lower brickearth at Lepe
Cliffu‘(section 11.2.2.1), Thorns Farm and Ocknell Plain (section
11.2.2.3) and like those sites it was probably weathered during the
Ipswichian interglacial. However, the burial of the lower deposit
by the upper ma& have altered the course of pedogenesis compared
with other sites,so that the correlations with other sites can only
be regar&éd as tentative. There is no positive evidence that the
horizon was cryoturbated before illuviation of the egg-yellow clays,
80 unlike the other sites, it is possible that the material was
deposited early in ‘the Ipswichian. The complex (tri-modal) particle
gize distribution of the deposit suggests it is a mixed sediment, so
it is not possible to determine its original mode of deposition.

A horizon equivalent to the older, upper deposit probably
originally lay directly on the terrace gravel at this site;a similar
red mottled horizon does so today in other parts of the gravel pit,
and at the described site the colour and texture of the uppermost
10cm of gravel suggests a former presence of reddish lower brickearth.
When this deposit was eroded (possibly by gelifluction in a pre-
Ipswichian cold period), the almost bare gravel surface would have
been free for deposition of the material now represented by the
Jower deposit, Subsequent gelifluction (probably during the

Devensian) probably then moved the upper deposit material from
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another part of the terrace surface, where it had survived the earlier
erosion, onto the surface of the lower deposit. This sequence of events
is illustrated in Fig 11.1. The micromorphological evidence that the
lower deposit is less disturbed by cryoturbation than many similar
horizons elsewhere, may mean it was buried by the upper deposit beyond
the depth of seasonal thaw in the Devensian period.

The equivalents of the red-mottled deposit resting on the
gravel surface elsewhere in the gravel pit are penetrated from below
by festoons of‘éravel. This suggests the flinty pockets in the upper
deposit could have originated as festoons when the upper deposit lay on the
gravel surface (Figs. 11.1 and 5.7)e

11.2.2 Profiles with moderately weathered lower brickearth

11.2.2.1 lLepe Cliff (see also sections 5.2.5, 8.4.5, 9.3.3, 9.7.3, and
10.4.2.6)

The lower brickearth (éBt horizon) at this site is clearly
distinguishable from the upper brickearth (Ah, Eb and Bt horizons) on
colour differences, granulométric evidence of a lower sand and a higher
clay content, mineralogical evidence of a relative deficiency of
weatherable minerals and micromorphological evidence of interglacial
pedogenesis prior to a periglacial period.

The disturbéd appearance of the lower brickearth noted in the
field is prqbably due to cryoturbation, and this process would have
disturbed the egg-yellow argillans seen in thin section. This
cryoturbation'probably occurred during the Devensian, but unlike the
Beaulieu Heath ‘profile (section 11.2.1.1) there is no evidence that
the upper and lower brickearths have been mixed; the intact stone-line
gseparating the iwo deposits suggests that at this site a period of sheet
erosion preceded déposition'bf the upper brickearth.

As there is evidence of only one phase of interglacial clay
j41luviation in the lower brickearth, this probably occurred during the

Ipswichian. However, the presence of fossil aggregates indicate
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described site nearby site

erosion festotoning

o deposition of second (lower)
deposition of seqond deposit and its erosion from
(lower) deposit older deposits' surface

«——gelifluction

older, 'upper’ deposit

remains of older deposit in gravel surface
younger, 'lower’ deposit

gravel

Fig. 11.1 Possible sequence of events producing the brickearth
stratigraphy at Holbury Gravel Pit.
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that the deposit could have been subject to eryoturbation before .
that, so it was probably deposited during the Wolstonian. The
clay-free particle size distribution of the lower brickearth
suggests the deposit could be loess; it conforms to Fink's
(1976) definition of clayey loess (Table 3.1). The deposit is
rich in clay éompared with Late Devensian loess probably because
that fraction has been augmented by Ipswichian weathering and clay

illuviation.

11.2.2.2 Thorns Farm. (see also sections 5.2.6, 8.4.6, 9.3.4
974+ and 10.4.2.7)

The lower brickearth (2Bt(g) horizon) here has similar
field characteristics to that at Lepe Cliff, except that like
the Beaulieu Heath, Tanners Lane and Holbury Gravel Pit profiles,
the evidence suggests the upper and lower brickearths are mixed,
probably by cryoturbation, and sand from the upper brickearth
penetrates the lower brickearth in fissures. The arguments
relating to the origin of the fissures in the Beaulieu Heath
profile are equally relevant here. Despite the mixing of the
two sediments, the granulometric, mineralogical and micromorphological
evidence clearly distinguishes the upper and lower brickearth.
The lower brickearth contains fewer weatherable minerals and has
evidence of one period of interglacial (probably Ipswichian)
pedogenesis that was both preceded and followed by periods of
cryoturbation. It is therefore likely to have been deposited
during the Wolstonlan. As the lower brickearth is mixed with
upper brickearth and to a lesser extent Plateau Gravel, it is
difficult to assess its original particle size distribution and
origin. However, the abundant embedded grain matrans in the
2Bt(g) horizon seem to have been present prior to the period
of interglacial pedogenesis. The sand grains which form the

core of these features might have been deposited with the lower
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brickearth during the Wolstonian, which suggests that the deposit
was originally sandier than the Lepe Cliff lower brickearth.

11.2.2.3  Ocknell Plain (see also sections 5.2.8, 8.4.8, 9.3.5,
9.7.6 and 10.4.2.9)

Although the upper and lower brickearth seem clearly separated
at this site by a stone-line, the mineralogical and granulometric
evidence is less clear-cut. Unlike other sites, the upper
brickearth is extremely silty at its junction with the lower
brickearth and its particle size distributions measured at either
1¢ or 1§ intervals, have no exact equivalents in the upper
brickearth'elsewhere, although they do distinguish it from the
lower br%ckearth in the profile. This indicates either local
variation in the characteristics of the.upper.brickearth. or modification
of the deposit b& mixing with the lower brickearth. 'Sandy upper
brickearth was probably originally deposited at the site, as it
is presenf nearby, at Rockford Common Gravel Pit. 1Its absence
may be explained by<érosion, possibly by the same sheet wash
process that formed the stone line. The upper and lower brickearths
are mineralogidally quite similar, but this is probably because
the amounts of weatherable species in the upper brickearth have
been rapidly depleted by Flandrian podsolisation.

The lower brickearth has similar field characteristics to
that at Lepe Cliff and Thorns Farm, and, as at those sites, the
micromorphological evidence suggests it was subject to pedogenesis
during only‘one interglacial period (probably the Ipswichian)
with cryotufbation both before and afterwards. It was therefore
probably deposited during the Wolstonian. In common with the
Lepe Cliff lower brickearth, the deposit conforms to Fink's (1976)
definition of clayey loess; they both have very similar coarse silt

mineral suites, but their ¥ particle size distributions differ
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which suggests they do not have exactly the same origin. Fluvial
or marine processes could not have deposited the Ocknell Plain

lower brickearth on the 1ll3m terrace during the Wolstonian period
because Late Pleistocene glacial aeé levels are thought to have been
well belo@ Ordnance Dafum (West, 1977). The aeolian origin
indicateé'fgr the deposit by its texture is thus supported by its
positi&n on the 113m terrace.

11.2.2..4 Calveslease Copse (see also sections 5.2.9, 8.4.9, 9.3.6,
9.7.7 and 10.4.2.10)

The undifferentiated brickearths in horizons 1 and 2 have
almost identical particle size distributions, which suggests they
have the same source., Their overall brownish (10YR hues) colour
is suggestive of Flandrian pedogenesis, but the reddish-brown
(5 IR A/A)Icolour of ped coats in horizon 2 is not. However, this
may be due to its high sand content: rubification is known to
proceed quickest in sandy soils, and similar reddish colours have been
found elsewhere in sandy soils on Devensian and younger sediments
(Ameryckx 1960; Federoff,1966; Bullock,1974). Moreover, there is
no,“micromorphological evidence of in-situ interglacial pedogenesis.
The mineralogical composition of horizon 2 closely resembles upper
brickearth and its particle size distribution is similar to horizon
J of the Wilverly Plain profile. These facts suggest horizons 1
and 2 are derived mainly from upper brickearth.

Micromorphology suggests that horizon 3 has undergone one
period of interglacial pedogenesis, probably during the Ipswichian,
This is supported by its colour and coarse silt mineralogy which
are similar to other lower brickearth deposits. However, its
fine sand mineralogy is very similar to that of horizon 2 (and
upper brickearth) indicating that some sand from horizon 2 has been
incorporated into the horizon. As there is no field evidence of a

cryoturbated boundary between horizons 2 and 3, the mixing may have
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been accomplished by soil fauna. )

The particle size distribution of horizon 4 suggests it is
derived mainly from the Plateau Gravel. Its red colour suggests
it too has undergone interglacial pedogenesis, but because of
stoniness, no micromorphological samples could be collected to
confirm this. |

If the brickearth-filled gQQund‘depression at this site is a

collapsed pingo (as suggested in section 5.2.9), then it must have
been slowly filled over several Quaternary stages. When the ground
ice in a pingo melts, the resultihg enclosed depression is initially
partly filled by slumping 6% the near-surface horizons that were
originally displaced upwards by the ice-lens (West g&_él., 1974;
West, 1977;Fig. 11.2). At Calveslease Copse, the non-stratified
horizon 4 could have formed like this. Such an origin could
explain why this horizon is distinctly redder than the overlying
brickearth and the under;yingﬂétratified Plateau Gravel, because
it might have been derived from soil weathered during an interglacial
prior to “formation of the ice mound |

After the slumping of horizon 4, the basin began filling
with brickearth. The distinct laminations in horizon 3 suggest
that this was accomplished by tiuvial deposition, and the evidence
of one period of in-situ interglacial pedogenesis in the horizon
suggests deposition occurred during the Wolstonian and/or early
Ipswichién:‘J}AlthOUghﬁgome df‘the matérial in horizon 3 was
derived from pre-existing paleoargillic horizons, most of the
laminae are composed of silt with no evidence of prior pedogenesis.
Former pedogenic coats on the silt grains could have been destroyed
during fluvial transport, but it is equally likely that the grains

are fresh, in which case the silt is likely to have been derived
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from the same loess sheet that was probably deposited during the
Wolstonian at Lepe Cliff and Ocknell Plain.

The final filling of the basin seems also to have been
accomplished by fluvial deposition. Sheet erosion of freshly
deposited upper brickearth and older paleocargillic horizons on
the surrounding-land surface probably supplied the sediment. It
seems likely that this erosion occurred contemporaneously with the
aeolian deposition of the upper brickearth, otherwise the depression
would have ‘been filled directly with upper brickearth. The absence
of bedding in horizon 1 can probably be explained by subsequent

cryoturbation or bioturbation.

11.2.2.5. Rockford Common‘Gravel Pit (see also sections 5.2.10, 8.4.10
9.3.7, 9.7.8, and 10.4.2.11)

The brickearths in horizons 2 and 3 were not differentiated
(into upper and lower types) in section 5.2.10 because the field
distinction between the two was insufficiently clear. However,
the accumu}ated evidence of field colours, micromorphology and
mineralogy shows that horizon 2 is upper brickearth and horizon 3
lower brickearth.. This is remarkable, because their clay-free
particle;éize distributions are almost identical and suggest that
the horizons 'are both formed from aeolian sand. The micromorphology
of horizon 3 suggests it was subject to pedogenesis during only one
interglacial period, probably the Ipswichian. The colour of the
horizon (yellowish red, 5YR 4/6) is slightly redder than other
supposed Ipswichian soils described in the area, but this may be due
to its.relatiyely high sand content (as in the Calveslease Copse upper
brickearth). The sand was probably deposited. during the Wolstonian.

The granulometric and mineralogical evidenée suggest that

horizon U4 was derived from Plateau Gravel. Its red colour and very
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high clay content indicate that it has also been weathered during
an interglacial period.
‘The observation that such-similar sediments as horizons 2

and 3 were deposited at a single site during separate Quaternary

cold stages needs further comment. -A possible cause is that:
similar source'sgdiments were available at both times. The
Bracklesham Sands that outcrop nearby could have provided most of

the medium and coarse sand in the samples, but the finer fractions
must be from other sources. The relative abundance:of weatherable
minerals in horizon 2 compared with horizon 3 suggests that part

of the fine sand and' coarse silt was. derived from beyond the local
area, as has_ been postulated for the rest of the upper brickearth.

A second possibility is that horizon 2 is composed of material
derived from'horizons equivalent to horizon 3, which was reworked and
mixed with a little far travelled silt and sand during the late
Devensian by the winds that deposited the rest of the upper brickearth.
This is possibly the best explaqation for the similarity between the
two sediments.

11.2.2.6 Hordle Cliff (See also 5.2.12, 8.4.12 and 10.4.2.13)

The micromorphology and field colours confirm that the

pocket of lower brickearth lying in the gravel surface at this site
is paleoargillic, and this supports the assertion made in section
4.2.2 that, although lower brickearth is very rare on terraces at
46m 0.D. or lower to‘the“west of the Lymington River, it was once
more extensive.

The occurrence of common coarse red mottles suggests that the
lower brickearth has affinities with the red mottled lower brickearths
at Beaulieu Héath; Tanners Lane and Holbury Gravel Pit (older deposit).

However, the micromorphological'evidence indicates only one period of
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interglacial weathering hasoccurred and this correlates it with

the lower brickearths at Lepe Cliff, Thorns Farm, Ocknell Plain

and elsewhere. In support éflthis, the main field colour is strong
brown .(not greyish -as in‘the other red mottled horizons), and

the red mottles appear as yellowish brown segregations in thin

section (not red as in the other red mottled horizons). Thus the

lower brickearth is equated with the horizons elsewhere supposedly
weathered only during and since the Ipswichian, but its dissimilarity‘

to those horizons in mottle colour illustrates the danger of using: field .

colours alone to indicate the age of soil horizons.

11.2.2.7 Wootton Heath (see also sections 5.2.13, 8.4.13 and 10.4.2.14

The field, granulometric and micromorphological evidence all
suggest that the entire soil profile at this site is developed in
lower brickearth. The Btglhorizon'has similar field colours and
micromorphological characteristics to the lower brickearth at Lepe
Cliff, Ocknell Plain and elsewhere and, as at those sites,it seems
to have undergone pedogenesis only during and since the Ipswichian,
The particle size distribution of the Btgl horizon is like that of the
‘ocknelljl Plain deposit in particular, and conforms to Fink's
(1976) definition'of clayey loess (Table 3.1). If it is loess, it
was probably deposited in the cold Wolstonian period preceding the
Ipswichian. The basal part of the lower brickearth, the Btg2 horizon,
contains far more sand than the Btgl horizon, but the horizon was
not analysed mineralogically and micromorphologically, so it is
impossible to say whether this is an original feature or due to

mixing with another sediment.
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11.2.3. Profiles developed entirely -in upper brickearth - Sturt Pond,

Wilverly Plain, Chilling Copse and Hook Gravel Pit (see also sections
5-2.1-3, 8.”‘-1-3, 9-301', 90701, and 10.”.2.1'4)

A1l four of these profiles,developed entirely in upper brickearth,
have similar fieid characteristics and vary mainly in the amounts of
mottleé aﬁd organans. Apart from the 2Bt horizon of the Hook Gravel
Pit profile, they have brownish mafrix colours throughout, as in the
loess soils of West Sussex. (Hodgson, 1967) and many other soils
weatherea only during the Flandrian (Catt,197%). The 2Bt horizon
at Hook Gravel Pit is slightly redder (7.5YR 6/8 to 5YR 5/8) than those
of the othars butras in horizon 2 at Calveslease Copse, (section
11.2.2.4) this may be due to its very high sand content. The
micromorphological chafacteristics of each profile are also very
similar and show the low comﬁlexity of pedological reorganization
that is typicai of Flandri;n soils elsewhere (Bullock, 1974).

The sand content of all four profiles increases with depth.

The gfeates£ vertical variation occurs in the thickest profile, Chilling
Copse, where the particle siée disfributions indicate that the sediment
changesvfrom typical loess at the surface to aeolian sand at the base.
As the vertical sequence of changes in particle size distribution is
repeated in all four profiles, the type of aeclian sediment being
deposited at any one time during‘thé Late Devensian was probably
similar over a wide érea. Also, post-depositional disturbance of

the sediment, by cryoturbation or bioturbation, cannot have been very
great. The very silty upper brickearth that is found at the surface
at Chilling Copse is probably absent from 'the other three profiles
because §f erosion.' The presence of argillans in the Ah horizon at
sSturt Pond and the 2Eb/Bt horizon at Hook Gravel Pit shows that some

erosion hasoccurred there since the onset of clay illuviation in the
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manner to the Australian sequences described by Butler (1959). The
second and ‘third colluvial episodes are represented in the colluvium
overlying the bAh horizon in the Longslade Bottom profile, but the
Scrape Bottom profile has evidence only of a second phase. It is
only possible to say that these episodes-occurred after the Late
Bronze Age/Early Iron Age and it is not known whether the second
colluviation was contemporaneous -at the two sites. As formation
of the colluvium above the buried Ah horizons was contemporaneous
with agricultural activity at or near the sites, it is likely that
the colluviation was initiated by agricultural practices. Bare
cultivated or cleared soil surfaces on the valley slopes were probably
eroded by rainsplash and flow without splash, which deposited the
colluvium on the lower slopes:and.valley floors.

11.3 The Origin of the Upper Brickearth

11.3.1 Age and environment of deposition

The Late Devensian 'age of the upper brickearth given by the
thermoiuminescence dating (Chapter 6) is supported by micromorphological
evidence that the:'deposit has undergone pedogenesis only during the
Flandrian, the field evidence of cryoturbation which shows that it
was deposited during or prior to a periglacial period, and its
mineralogical affinities with Late Devensian loess elsewhere in England

Upper brickearth in the field area overlies lower brickearth
and/or ‘gravels on every terrace level. "Such a distribution could not :
have been achieved by a single episode of marine or fluvial deposition;
the only. transporting agent that could reasonably account for this
distribution is the wind. No evidence was found that.the upper
brickearth- is a floodloam, as suggested by many previous authors
(Swanson, 1968;Fisher{L?7l;1975ix§enﬁ1980);it is likely that this
explanation was invoked to explain’the high sand content of much of
the upper brickearth compared to loess and the association of the

deposit with the Plateau Gravel terraces. 347



Indeed, its particle size distribution is in fact consistent
with an aeolian origin; the siltiest parts resemble loess and the
sandiest resemble aeolian silty sands. The mineralogical analyses
(sect;onr9.8) suggest - that at least 80% of the silt and some of the
sand in the deposit was derived  from outwith the Hampshire Basin,
and this exotic component has a mineralogical assemblage similar
to that of Late Devensian loess in other parts of England. As most
of the Late Devensian loess of England seems to have been derived
from glacial outwash in-the North Sea Basin (Catt et al., 1971;1974;Eden
1980), that source probably provided the bulk of the exotic material
in the upper brickearth. The granulometric (chapter 8) and
mineralogical (chapter 9) evidence shows that the local components
in- the upper brickearth were probably derived from the Tertiary
5tfata.\lAs none. of the described upper brickearth deposits
actually rests on Tertiary deposits, the components from that
source were probably transported by the same winds that carried
the far-travelled material. This is supported by the 18 particle
size analyses, which suggest the upper brickearth was sorted by
a single process. - Such mixing of components would have been
possible in the environmental conditions of the Late Devensian, when
the land surface was sparsely vegetated (West,1977) and exposed out-
crops of the unconsolidated Tertlary Sands would have been open to
wind erosion.

The transition from aeolian sand to loess upwards in
profiles in the upper brickearth emphasises the twin sources of the
deposit. At the beginning of the Late Devensian aeolian phase,
the upper brickearth was composed mainly of reworked local sand with
the addition of a little far-travelled material (as represented, for

example, by the Eg horizon at Thorns Farm and horizon 2 at Rockford
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Common) . As accumulation continued, the local sources of sand
were perhaps progressively blanketed by it, so that the far
travelled‘components eventually became the dominant constituent
'(as represented by the Ah horizon at Chilling Copse).

The vertical changes in the dominant peaks in the particle
size distributions are less easy to explain. The ¥ @ peaks in
the sand fraction are probably reflections of peaks in.the loecal
Tertiary sands, but it is unclear)!hy» the 125-150pm peak increases
in prominence with depth at the expense of the 63-75ym peak (section
8.5.2). It seems unlikely that there would have been a significant
change in the range of source sediments available, so the solution
to the problem is likely to be found in thg mechanics of deflation
and deposition.of the sand. One. possibility is that mean wind-
speeds were. greater in the early part of the aeolian phase so that
proportionately more 125-150pum sand was deflated then.

The 26-31um and to a lesser extent the 22-26um peaks in the
siltiest upper brickearth are consistent with the known westward
decrease in the modal size of Late Devensian loess due to the
winnowing effect of easterly periglacial winds (Catt,1978). However,
the twin peaks at 31-37pm and 44-53um found in the moderately silty
upper brickearth at Wilverly Plain, Hook Gravel Pit and Chilling
Copse (section 8.5.2) indicate that there were probably two sources
for the silt at that stage. The material peaking at 31-37pm could
also have been carried from the North Sea Basin by the easterly winds
and might reflect slightly stronger mean windspeeds earlier in the
Late Devensian (as is also suggested by the changes in the sand peaks).
The 44-53um peak, however, is far coarser than would be expected

according to the gradual westward decrease in the modal size of the
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Late Devensian loess, and is therefore 1likely to represent material
from another source. It might have come from silty Tertiary

Strata, but this cannot be confirmed as no § ¥ analyses were made

of the silt fractions of the Tertiary beds. A second possibility

is that it represents loess blown from a different direction;

although easterly winds probably dominated during the Late

Devensian (Lill and Smalley, 1978), minor winds from other
directiqns,‘especially westerlies blowing over the Irish Sea

glacial outwash, could have carried some loess. Catt and

Staines (1982) also reported loess in Cornwall and the Scilly

Isles with a coarse 40-44pm peak which they thought was likely

to have been deflated from the Irish Sea basin to the north and
north-west, Clearly, more work is required on this topic to

provide firm conclusions on the origin of the coarser silt peaks.

-The upper brickearth is probably a continuation of the

sheet of aeolian sediments that forms the brickearth of West Sussex
(Hodgson, 1967) and the upper brickearth of the Portsmouth area (Palmer
and Cooke, 1923). However, the West Sussex brickearth does not display
the vertical-transition from aeolian sand to loess that is _.present

in south Hampshire. The gouth Hampshire deposits are atypical in this
respect probably because of the preseﬁce of an unusually large area

of exposed, unconsolidated fine sands of Tertiary age. No other
known English loess deposits display the same vertical textural
changes. In north-east Essex the Late Devensian loess is underlain
by Late Devensian coversand, but the change from sand to loess seems

to have been quite sudden and the sediments with silt/sand mixtures are

thought to have arisen by post-depositional mixing (Eden,1980).

silt/sand mixtures deposited by the wind contemporaneously are known
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from Somerset (Gilberfson and Hawkins, 1978) and Norfolk (Catt
et al., 1971) but in both cases the relative proportions of the
two fractions were not reported as changing with depth.

11.3.2 Distribution and erosion

Except in a fe&,piaces, the edge of large terrace
fragménts and over some of the very small terrace fragments, the
upper brickearth completely mantles, but is almost eiclusively
confined to the Plateau GraVei'outcrop. Although aeolian sediments
are probably depositéd fairly evenly throughout the landscape, their
unconsolidated nature leaves them open to subsequent erosion. Catt
(1977) showed that loess in Enéland has been extensively eroded by
fluvial and geliflual processes, particularly from over clayey and
sandy substrata. These processes probably explain the absence of
the upper brickearth from the Tertiary outcrop.

Moreover, it is clear from the studies of the selected profiles’:
that the upper part of the depositional sequence of the upper brickearth
is missing almost everywhere on the terrace sites, particularly where
there is an intermediate layer of lower brickearth. Gelifluction may
éécount for muéh of this erosion, but since the head deposits that
oceur in many valleys have not been examined to ascertain their
content of upper brickearth, this cannot be confirmed. The
evidence from the Hook Gravel Pit profile (section 11.2.3) suggests
that late Flandrian, probably fluvial)erosion was significant; this is
supported by the evidence from the colluvial profiles studied (section
11.2.4) whiéh aléo suggest that agricultural practices may have been
partly responéible.‘ Sheet erosion of the upper brickearth during the

Late Devensian-is indicated by the fluvially reworked upper brickearth

in the Calveslease Copse fossil pingo and by the presence of stone
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lines at the base of the deposit at Ocknell Plain and Lepe Cliff.

The relative importance of these ‘three forms of erosion, gelifluction,
Late Devensian sheet erosion, and Flandrian fluvial erosion, is not
ascertainable on the incomplete evidence available in the New Forest;
Catt (1978) suggested that erosion of the Late Devensian loess by
Neolithic and later agriculture did’notmgreat;x”gpaqgg‘;ts general
distribution throughout the country. o l

11.4 The Origin of the Lower Brickearth

11.4.1 Soil development and age

On the bésis of the field and micromorphological data, the
lower brickearth is clearly divisible into two groups whose
characteristics are fairly constant on widely separated sites (tables
5.2. and 11.1)  The first group,: the 'older' lower brickearth (lower
brickearth I) is characterised by greyish matrix colours and coarse
red mottling, combined with a very complex microfabric that displays
evidence of at leaét two phases of interglacial pedogenesis separated
by periods of disturﬁance attributable to cryoturbation.

The second group, the 'younger' lower brickearth (lower brickearth
“TI) has mainly strong brown matrix colours and contains reddish, normally
very fine, mottles in some profiles only. The microfabrics of these
horizons are clearly less complex than those of the lower brickearth I
and only one phase of interglacial pedogenesis can be detected in them.
The characteristics of the two groups are summarised in Table 11.1.
This study has therefore identified three brickearths in South
Hampshire, the upper brickearth and two lower brickearths. This
compares with the findings of Palmer and Cooke (1923) in the nearby

Portsmouth district; they also found three brickearths, the upper,

middle, and lower, lying in stratigraphic succession.
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GROUP I
(older)

GROUP
11
(younger)

Table 11.1

Summary of the characteristics of the lower brickearth

Site

Beaulieu
Heath

Tanners
Lane

Holbury Gravel
Pit &
(Horizon 1)

Dominant
matrix colour

Reddest mottle
colour and size

Micromorphology

light grey
(5Y 6/1)

light olive
grey
(5Y 6/2)

light grey
(5Y 6/1)

coarse, red
(2.5YR 5/8)

coarse, red
(10R 6/1)

more than one phase
of clay illuviation
and/or rubification
prior to yellowish-
brown (Flandrian)
clay illuviation

Lepe Cliff

Thorns Farm

Ocknell Plain

Rockford Common

Holbury Gravel
Pit (Horizon 4)

Hordle Cliff

Wootton Heath

strong brown
(7.5¥R 5/8)

yellowish red
(5YR 4/6) and
strong brown
(7.5YR 4/6)

strong brown
(7.5YR 5/8)

strong brown
(7.5YR 5/6-8)

reddish yellow
(7.5YR 6/8)
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very fine,
dark red
(2.5YR 3/6)

no red mottles
very fine, dark
red

(2.5 YR 3/6)

no red mottles

coarse, yellowish
red (5YR 5/8)

fine, red
(2.5YR 5/6)

one phase of clay
illuviation prior to
yellowish brown
(Flandrian) clay
illuviation



As ‘the soils developed in:the lower brickearth IT
have evidence of only one interglacial pedogenetic phase, it is suggested
that this occurred during the Ipswichian. However, this conclusion
must remain tentative in the absence of absolute dates for the
deposition of the brickearth in which' the horizons are developed.
Clearly it would be of benefit to compare the results of this study
with soils developed in material of:iproven Wolstonian age. However,
the agreement in' pedologiecal characteristics between' the supposed
Ipswichian soils of south Hampshire with those of the Kennet. Valley
(Chartres) 1980), despite wide textural differences, does suggest
that the.same techniques might be used to recognise soils of similar
age elsewhere in southern England.

“The older lower brickearth I soils were probably weathered
during the Flandrian, Ipswichian, Hoxnian and perhaps earlier inter-
glacials;“but their microfabrics '‘are too complex for further sub-
division by the simple descriptive micromorphological techniques used
in this study. Similarly complex (and reputedly Hoxnian or earlier)
horizons were described by Bullock and Murphy (1979) and Chartres (1980)
who also found it impossible to separate all the phases of pedogenesis
and cryoturbation that the soils had undergone.

The division of the lower brickearth into two groups I (= Hoxnian
weathering) and II'(: Ipswichian weathering) has been based on

relative dating principles. Howeven, _.the

MG e g

[SIPCI N A T e . e

Geological Societyds Quaternary sequence (Mitchell et al., 1973) is
probably over simplified, and in particular there is some doubt that
the Ipswichian represents only one interglacial (Sutcliffe, 1975; 1976)
Therefore strict application of relative dating principles could be
used to infer that the older lower brickearth T has been weathered

only during and since an earlier 'Ipswichian' interglacial. This
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seels unlikely on current knowledge of Quaternary soils because

no studies of Ipswichian deposits elsewhere in southern'England
have revealed evidence of two periods of clay illuviation, the
earlier accompanied by intense rubification, separated by a period
of cryoturbation. Such a sequence of events would be required to
explain weathering of both the South Hampshire lower brickearths
during the Ipswichian-only. Although ‘there may have been more
than one warm period between the Hoxnian and Flandrian periods,
clay illuviation and rubification need not have occurred each time;
both these pedological processes seem to require prolonged periods
of environmental conditions found only at interglacial maxima.
Indeed, Evans :(1971) thought the evidence from deep-sea cores
indicated only one prolonged fully warm period among the supposed
'Ipswichian' interglacials. Therefore, even if several warm
periods are eventually proved for the perlod now represented by
the Wolstonian/Ipswichian, it is still likely that the lower

brickearth I is Hoxnian or older.

11.4.2 Mode of deposition.

The original debbsitional environments responsible for the
lower brickearth ( I and II) sediments can be inferﬁed in only a
few cases because of the extent of post deposition;i weathering and
mixing with other deposits,vsuch as the upper brickearth and the
Plateau Gravel. At least three of the younger lower brickearth IX
deposits, at Lepe Cliff, Ocknell Plain and Wootton Heath, may be
composed of loess, and part of the interglacial sediments filling
the Calveslease Copse fossil pingo (section 11.2.2.4) may originally
have been derived from loess. None of these can be correlated

mineralogically with supposed Wolstonian loess described elswhere
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in England (Catt, pers comm; Avery et al., 1982) but fo} the
mineralogy’  to be similar, the loess deposits would have to have
had similar source materials and weathering histories. The Rockford
Common lower brickearth could be Wolstonian aeolian sand.

The presence of these pre-Devensian aeolian sediments in the
area suggests that similar environmental conditions prevailed during
the Wolstonian and Late Devensian. " Interestingly, the middle
brickearth of Palmer and Cooke (1923) is also composed of loess and
sands. However, re-investigation of the Portsmouth deposits is
required before the equivalence of these deposits can be assumed, as
Palmer and Cooke's. descriptions were not sufficiently detailed.

The lower brickearth T deposit at Tanners Lane is possibly
estuarine in origin and some of the other lower brickearths may yet prove
to be fluvial or marine sediments. Fine-grained sediments associated with
terrace aggradation have been reported in analogous situations elsewhere,
such as the Thames Valley, and are therefore likely to have been
deposited in south Hampshire as well.

11.4. 3 Distribution and erosion

The lower brickearth is less widely distributed than the
upper brickearth (Fig. 4.2) probably as a result of the greater erosion
it has undergone. Similarly, lower brickearth 11 deposits are far
more widespread than lower brickearth I deposits. It is interesting
to note that no sites were found where lower brickearth II overlies
lower brickearth I. This is probably because lower brickearth II
deposits were easily eroded from the surface of the relatively
impermeable clayey, older lower brickearth I deposits in an analagous
way to that in which much of the upper brickearth has been eroded from

the surface of the lower brickearths. This implies that sheet erosion
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was rgsponsible for some destruction of the lower brickearth 1T,
and"direct evidence of this is to be found in the stone lines at
Lepe Cliff and Ocknell Plan (section 4.3.2). Gelifluction is also
likely to have been significant in' eroding both lower brickearths,
however, as shown by the presence of the geliflucted horizon 1 at

Holbury: Gravel Pit (section 11.2.1.3).

11.5 Implications for the Terrace Chronology of South Hampshire

Chartres (1980) studies of soils in the Kennett Valley
demonstrated that a sequence of soils exists there, in which the
dégfee of peaological reorganization increases on successively
higher (and repﬁtedl&' older) terraces. The soils thus reflect
the age of the surfaces on which they lie. This study suggests,
howéver, that in south Hampshire the situation is more complex.
Former mantles of lower brickearth have been partly- or completely
eroded from some terraces and lower brickearth 1 and IT horizons
often co-exist on the same terrace. As a result the soils on some
relatively old terraces, for example the 1i3m terrace at Ocknell
Plain, may be younger than the soils on younger terraces, such as
the U46m terrace at Beaulieu Heath. This study therefore confirms
Fisher's (1975) conclusion that a chronosequence of soils is not
recognisable in the area. The soil characteristics only provide
a tentative guide to the minimum age of the terrace surfaces (Table 11.2)
This last conclusion has important implications for fhe dating
of the 5m terrace. As outlined in Chapters 2 and 5, this terrace
is thought to have formed during the Late Ip§wichian%Early Devensian
transition (Brown et al., 1975; Keen, 1980) because Ipswichian deposits
reputedly underlie it at Lepe Cliff (Reid, 1893; West and Sparks, 1960;

Brown et al., 1975). However, lower brickearth':] overlies the 5m
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Table 11.2

Minimum. ages of the terraces from soil evidence

Site’ . Terrace Age of weathering Minimum terrace
level features age
Lepe Cliff . 5m - Ipswichian . .Wolstonian
Tanners Lane ~ . .. 5m ., Hoxnian- Anglian (1)
Chilling Copse . .11m Flandrian Devensian (2)
Hordle CLiff - 21m Ipswichian Wolstonian
Beaulieu Heath hém . Hoxnian Anglian
Wootton Heath 56m , .Ipswichian Wolstonian
Rockford Common. = = 70m . Ipswichian Wolstonian
Ocknell Plain 113m  Ipswichian Wolstonian
Notes:

1. the 5m terrace could be composite - see text
2. Lower brickearth was found on-the 11m terrace during the field

survey, which suggests that the terrace is at least of
Wolstonian age.
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terrace éravel at Lepe Cliff and Thorns Farm, and at Tanners Lane

it is overlain by lower brickearth I. These deposits contain
pedological features that almost certainly were formed during the
Ipswichian interglacial or earlier; if these features were formed
while the lower brickearth deposité were in-situ on the S5m terrace,
then the datihg of the terrace needs revision. It is possible that
the lower brickearths at these sites were transported from a higher
terrace to the 5m terrace by gelifluction and that the interglacial
pedogenesis occurred on the higher terrace. The continuity of slope
necessary for such transportation is present today at Tanners Lane
and’ Thorns Farm, but not at ILepe Cliff where the terrace fragment is
bounded by #alleys on all landward sides. However, one of the

valleys is relatively shallow and could have been formed during the
Devensian or Flandrian periods. If the Sm terrace was unbroken during
the Devensian, up to its Junction with the bluff separating it from the
next highest (Zlm) terrace, gelifluction could have carried soil from
the 21m terrace onto the more recent 5m terrace. However, at each
site this would require movement of material over a distance of 1-2km
on slopes generally less than 1° and often less than 0.5°. Although
gelifluction deposits are known to move on 0.5° slopes (Williams,
1968) and to travel up to 2km (Embleton and King,1965, p.106)

it would be exceptional to have a deposit formed at the limits of
both slope and distance. Furthermore, the Tanners lLane lower
brickearth is unusual in its content of rounded pebbles, and no
similar deposits from which it could have been derived occur on any
of the higher terraces. FPerhaps the most significant relevant piece
of evidence is the fact that so many egg-yellow clay bodies occur in
all three deposits and apparently undisturbed red segregations occur

in the Tanners Lane deposit: it is very unlikely that these features
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tould have survived prolonged transportation in a saturated deposit.
Indeed Avery (1980) implies that characteristic features of
paleoargillic horizons survive only in material that is either in-situ
or has been transported over a short distance.

Thus it seems most likely that the lower brickearths at the
three sites developed their paleoargillic characteristics whilst
emplaced on the 5m terrace, which implies that the terrace must
pre-date the Ipswichian. *~As the Tanners Lane lower brickearth seems
to have been weathered during at least two interglacials, the terrace
gravel there may pre-date the Hoxnian. In the Portsmouth area Palmer
and Cook (1923) also described upper and middle brickearth overlying
a 5m terrace.

Of the supposed Ipswichian estuarine deposits at Lepe Cliff
only the pebbly clay undoubtedly underlies the 5m terrace gravels
(see Fig. 5.2 Chapter 5). An” incorrect dating of the terrace could
have been made 'if the pebbly clay were much older than the Ipswichian
organic estuarine ‘deposits which overlie it on the foreshore. These
organic deposits could originally have been banked ;against the
" terrace gravel., There must have been a break in sedimentation between
the deposition of the pebbly clay and the lowermost organic estuarine
depoéit because the surface of the pebbly clay is eroded. Moreover,
unlike:the overlying organic deposits, the pebbly clay contains no
plant macrofossils or molluscs. Its main link with the Ipswichian
sequence is its pollen spectrum which, at the site it was sampled,
could have been derived from the overlying organic beds (Moore and Webb,
1978). The range of species present in the spectrum is less than
in most of the overlying beds. More detailed studies of the
distribution, morphology and fossil content of the pebbly clay must
be -made before firm conclusions can be drawn about its age,and thus,

the age of the overlying gravel. Another scenario which could
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explain the incorrect dating of/the 5m terrace at Lepe is if the
organic deposits actually belongeto one of the other interélacials
thought by Sutecliffe (1975; 1976) and others to have occurred during
the Wolstonian-Ipswichian period (see section 11 4.1).

Sutecliffe (1975) thought it possible that when two QQQQ periods occurred
close togetper, their botanical successions would be similar, so the
periods could not<be distinguished on paleobotanical evidence. At
Lepe Cliff,.thehpollen.assemblage of the organic deposits might belong
to a subsidiary warm period prior to the main 'Ipswichian' interglacial;
the gravels between the organic depoeits and the lower brickearth 11
might then have been deposited during the intervening cold period
(stage 3¢ of Evans; 1971). uThis cold period is part of what is
conventionally thought of as the Wolstonian. The suggested Hoxnian
age of the pedological features in the Tanners Lane lower brickearth I
implies, however, that the underlying 5m terrace gravel there is at
least of Anglian aée. This casts doubt on the possiblity that the
Lepe Cliff 5m terrace could be Wolstonian, but it is conceivable that
the 5m terrace 'is composite and represents two terraces formed during
the Anglian and Wolstonian periods respectively; certainly,. the Lepe
Cliff and Tanners Lane terrace (gravel) surfaces are presently at

slightly different levels :+7m and -1m 0.D. respectively.

11.6 Summary

In chapters 1 and 2 previous work relating to the origin
and age‘ef the south Hampshire brickearth was reviewed, and showed
that it was generally thought to be a floodloam, dlthcugh dépositional
processes such as aeolian, gelifluction and marine may have
contributed to it. No previous work has proposed subdivisions of
the deposit, although it has been thought to be composed of sediments
of several ages. Its relationship witﬁ the most widespread Quaternary

brickearth elsewhere in southern England-Late Devensian loess-was not

known. 3 6 ]



- This study has mapped the distribution of the deposit and has
shown that it is much more widespread than previouély thought.
Evidence. has been presented which demonstrates that the brickearth
* is divisible into at ‘least three units - upper brickearth, lower
brickearth I and-lower brickearth II. The upper brickearth is the
most widespread of the three. It'is aeolian,largely in-situ and is
contemporaneous with the Late Devensian loess elsewhere in England,
but is different from the other loess in that a large component is
locally derived and that it changes gradually upwards in profiles from
aeolian sand to loess. Lower brickearth 11 is the next most widespread
and seems to be composed mainly of aeolian sediments also. It was
subject to pedogenesis in the Ipswichlan period and was probably
deposited during the Wolstonian. Lower brickearth 1 is the oldest
and least widespread; it was weathered during the Hoxnian. Its origin
is largely obscure, but at least some could be estuarine.
| In clarifying the distribution, origin and age of the
btic;earth this study has contributed more generally to the poorly
known Quaternary hlstory of south Hampshire. It has identified a
variety of erosional and depositional environments that occurred
during periglacials and the weathering environments of interglacials.
In particular, soil studies have helped towards dating the 5m, and to
a lesser extent higher’terraces. The work is therefore an example of '
the valuable contribution that aetailed field and petrographic studies
of soils can make to Quaternary history in areas where other, more

reliable, evidence is scarce.
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'APPENDIX A

Mthod of Particle Size Analysis -~

a) 1¢ Intervals
1) Pretreatment and dispersion

Air-dry and weigh the bulk sample and record the mass (T).
Place sample in’a Rukuhia soil - crusher with a 2mm drum. Record
the mass (S) of 'the stones returned on the drum. The stone

content is calculated:
o S
Stones :> 2mm % = T X 100

Weigh a 20-30g subsampleyof 2mm air-dry soil to 0.0001g
and recprdfthe'mass (WJy‘ Place in a 600ml beaker and cover with
10-20% Hydrogen Eeroxiae (HZOZ) . - Some very organic samples require
gentle heating to initiate the reaction. Add more H202 dropwise
as the reaction subsides-until no further reaction occurs. Let the
sample stand for about 4 hours then dilute to 200ml. with de-ionised
water and boil until all excess H202 is removed.

Wash the sample into a shaking bottle with de-ionised water,
add 20ml Cglgon (Bascomb and Bullock, 1974) and shake overnight.
2) Fractionation

Wash the contents of the bottle, through a 63um sieve on a
funnel, into a 1000ml measuring cylinder. Make up_ the-contents' to
1000ml with defionised water. Dry the sand retained on the 63um
mesh at 105o C, place on a nest of sieves (1000, 500, 250, 125 and
Gme) and shake for 10 minutes. Weigh the material retained on
each sieve and that passing the 63um sieve to % 0.00l1g and record
masses A1 ";'AG respectively

Eﬁualise aif and sedimentation tube temperatures in a room
where air temperature varies within * 2% over the sedimentation

period. Homogenise the sample with a stirrer, start the clock

and extract a 20ml aliquot immediately using a calibrated pipette
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on a racking stand. Extract 4 more aliquots at times relevant to

the sedimentation :.of the fractions<31,£16,48 and<4um at 20cm depth.

The ¢:2ym fraction is pipetted at 8cm depth to save time.

A chart -of sedimentation times for these fractions at various

temperatures -éan‘ bé constructed using nomographs published by

Tanner and Jacksonr(1947).v Téansfer the aliquots to crucibles

that have been pre-weighed toi:0.000Ig and their masses recorded

Cq ++-Cq Dry crucible and aliquot at 105° ¢, reweigh and

record the masses Zi ....26
To makeng correction for fhe moisture content of the sample weigh a

cruciblel(C7.) tp i‘0.00Ig, % f£ill with air-dry soil and weigh

again (Xp, Dry overn%ght at‘105o C and re-weigh (Xé ). The

moisture content is ca;culated:

moisture content % = 100-( X2 _ %7 X 100 )

X1 - C7

The equivalent dry weight of soil in the original sub-sample is

calculated:

equivalent dry weight (M2) = M1 - ( My x m01s:gge Content)

To maﬁe a correction for the Calgon content of the suspension
pipette 20ml of Calgon into a 1000ml measuring cylinder and make
up to 1000ml with de-ionised water. Mix, extract Sﬁ‘20ml aliquots
uging the rééking pipette, and place into 3 crucibles pre-weighed

- - ‘ o e
to X 0.0001g (C8 .e C10 ). Dry at 105 C and re-weigh. (G1 .. G3 ) .

The\Calgbn correction is callculated from the mean of the three
values :

Calggn confeat (Y) = Gl e 3 = Cs .. 10
3) Calculations

The percentage of material in each of the sand fractions is

determined.
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e.g. % 63-125um = ﬁé X 100

"

The percentéée‘coarsé silt passing the 63um sieve éfter dry
sieving is  also determined by the above formula and the result is
added to the percentage 31-63pm silt calculated from the formulae
below

Percentage silt and clay having less than the given equivalent
diameters

e.g. € 63%m= (a4 _ C1 - Y) X 50
M

2

Due to the destruction of organic matter and minor losses of sediment
during analysis, the sum of the various fractions is usually between
95 and 100%. Samples within these limits are rounded pro-rata to

100%; those outside the limits should be re-analysed.

b) % @ intervals

Pretreat and disperse samples as for 1¢ intervals. Wash
sample in shaking bottle, through a 63pm sieve, into a 1000ml
cylinder as for 1§ analysis. Dry material returned on the 6§pm
mesh, place on a nest of sieves (250, 210, 180, 150, 125, 105, 90
and 63um) and weigh material on each sieve as for 1§ analysis but
returning material passing‘ the 63um sieve to the suspension

Equalise air and sedimentation tube temperature,'homog;nise
sample and remove 20ml aliquots at 20cm depth at times relevant to
the sedimentation of the fractions <£52.6, <£44.2, £37.2, 431.3,
<26.3, £22.1, <18.6, <£15.6pm. The sedimentation times can
be calculated from the equation:

t= E x h

D2

where t = time (secs), D = particle diameter (cm), h = height of
fall (cm) and k is a temperature dependant constant (Tanner and

Jackson, 1947). Great care must be taken to disturb the
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the suspension as little as possible when lowering and raising the
pipette.
Calculations and corrections are made as for l¢vana1ysis.

# )
LU
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APPENDIX B

PARTICLE SIZE ANALYSIS RESULTS

The particle size distributions of each of the samples
discussed in the text are presented below. The values for
skewness and kurtosis were computed from

mean, sorting,

recalculated clay-free distributions. The 1location and
context of each of the samples can be determined from

appendix D.

sample: 1l 2 3 4 5

phi ,

0 to ~1: 2.3 0.9 2.6 0.9 1.5

1l to O: 4.0 l.2 4.4 4.2 3.4

2 to 1: 4.8 2.4 6.4 8.8 5.8

3 to 2: 3.8 3.7 4.6 6.5 5.2

4 to 3: 5.8 14.2 11.0 10.0 8.5

5 to 4: 14.7 22.0 21.3 21.5 22.1

6 to 5: 16.6 17.1 13.5 19.4 21.5

7 to 6: 11.9 13.6 14.6 12.4 16.9

8 to 7: 8.9 9.1 8.6 6.8 7.6

9 to 8; 5.7 3.6 2.7 2.7 1.5
>9: 21.5 12.2 9.3 7.0 6.0
mean: 4.9516 4.9622 4.5259 4.5472 4.8061
sorting: 2.2872 1.7846 2.1663 2.0418 1.9182
skewness: -0.1979 0.0441 -0.1349 -0.1552 -0.1893
kurtosis: 1.1759 1.0362 1.0559 1.0572 1.2087
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sample: 20 21 22 23 24

phi

0 to -1: 3.5 0.6 2.6 1.8 0.5

1 to 0O: 7.2 l.6 4.4 2.8 2.0

2 to 1: 10.2 3.1 9.2 5.4 5.2

3 to 2: 8.7 5.9 9.8 5.7 7.7

4 to 3: 14.7 16.9 12.6 25.5 15.1

5 to 4: 13.9 21.0 15.9 17.5 15.1

6 to 5: 9.9 22.6 13.2 11.4 17.0

7 to 6: 7.5 13.0 8.6 7.3 7.6

8 to 7: 4.5 6.7 6.2 4.8 8.7

9 to 8; 4.6 3.6 3.6 4.1 1.4
>9: 15.3 5.0 13.9 13.7 19.7
mean: 3.8999 4.8879 4.1876 4,3272 4.5869
sorting: 2.3976 1.7606 2.2849 1.9785 1.8967
skewness: 0.0232 -0.0151 -0.0483 0.1500 -0.0211
kurtosis: 0.9331 1.1009 0.9539 1.2548 1.0323
sample: 25 26 27 28 29

phi

0 to -1: 0.8 1.0 2.6 2.4 1.8

1 to 0O: 1.1 2.2 2.8 4.4 2.1

2 to 1: 1.6 3.5 3.4 6.8 2.0

3 to 2: 3.3 2.8 2.9 7.0 3.8

4 to 3: 14.3 16.0 14.8 12.5 13.5

5 to 4: 20.4 20.0 17.6 18.1 16.4

6 to 5: 19.4 18.3 17.4 13,2 18.8

7 to 6: 11.3 10.3 10.4 8.2 12.5

8 to 7: 6.4 5.9 6.1 5.1 8.6

9 to 8; 3.7 4.9 4.3 3.9 6.2
>9: 17.7 15.1 17.7 18.4 14.3
mean: 5.0345 4.8607 4.8270 4.3149 5.0861
sorting: 1.7109 1.8938 2.0804 2.2173 2.0295
skewness: 0.0467 0.0221 -0.0500 -0.0785 ~-0.0498
kurtosis: 1.1154 1.2432 1.2739 1.1164 1.1247
sample: 30 31 32 33 34

phi

0 to -1: 1.8 0.4 2.0 1.7 l.8

1 to O: 2.6 0.8 3.5 2.1 3.9

2 to 1: 2.9 1.9 7.3 6.3 11.8

3 to 2: 4.2 3.8 l16.8 18.7 27.4

4 to 3: 11.3 11.2 26.4 23.6 17.6

5 to 4: 20.2 20.1 9.0 8.6 7.1

6 to 5: 19.5 20.0 9.8 8.7 8.4

7 to 6: 10.8 9.9 5.7 6.9 8.4

8 to 7: 7.3 5.9 3.7 5.3 6.4

9 to 8; 3.5 3.5 2.7 4.1 0.7
>9: 15.9 22.5 13.1 14.0 6.5
mean: 4,8545 5.0502 3.7835 4.0396 3.5915
sorting: 1.9458 1.6592 1.9713 2.0811 2.0187
skewness: -0.0741 0.0277 0.1957 0.2973 0.3334
kurtosis: 1.2966 1.2141 1.1339 1.0104 0.9578

569



sample:
phi

to 0:
to 1:
to 2:
to 3:
to 4:
to 5:
to 6:
to 7:
to 8;
>9:
mean:

WO~ WNDHO

sorting:
skewness:
kurtosis:

sample:
phi

to 0:
to 1:
to 2:
to 3:
to 4:
to 5:
to 6:
to 7:
to 8;
>9:
mean:

VWO dWNE-O

sorting:
skewness:
kurtosis:

sample:
phi

to 0:
to 1l:
to 2:
to 3:
to 4:
to 5:
to 6:
to 7:
to 8;
>9:
mean:

VOO WNKO

sorting:
skewness:
kurtosis:

to -1

to -1

to -1

w
(34}

NN

NN OOAINO
e o o o o o e o o o o

B ANOWONMOURANNON

40

HiE e
OB ONUIBNNNK
OUIOEONVOVOINO

N

4.9357
1.9588
-0.0317
1.1459

o
[§)]

N

WHEWWLWOAHANWOWON O
OO RANBLON~O

[

.8441
2.0585
0.2228
1.0700

w
()}

REVY TR

VO WLLIONERLOIN
e o o e o o o o o o o

OTWOOUOVKHBNOG

3.2661
1.9225
0.1909
1.4575

41

=N R
WOWBOAVHOOV&O
NWDNDWNMDWLWAIANNWY

N
L]
le)
o
()]
w

AVWPdbOLUINOH OO

.8678
1.9047
0.2052
1.5017

37

WEWNN)

HOKHMMOTWLHOUIENOAND KM
ONHFOLOOINWOUWVU®

[

42

AV WOWVWORRAWON

L]

le]
o
o
~

0.2331
1.0553

370

W
o

VCONOHLWRH~ON

)
BN WAEINOOLDWH

w
O
o
8]

1.8922
0.2228
1.2643

o
w

NOAWOTOIIIOTOIO1 O

[
WwnhLwLINNVOD WO W

o
=
]
~

N =

e © o o o o o & o o o

44

'—l
e ¢ o6 o o o o o o o o
ONNHB_BWLWOANOOWO M-

[
BOANWVWKHFANMNOAAASN

L 4
o
—
U
N

1.1995



[}
£
e
=
o
6]
o
n
T
(4]
N
o
w
84
N

phi

0 to -1: 1.4 4.2 2.2 2.1 1.7

1l to O: 2.6 10.2 5.4 4.4 3.5

2 to 1: 5.4 13.0 9.3 8.7 8.0

3 to 2: 12.1 12.6 15.9 14.2 16.0

4 to 3: 24.7 18.0 24.0 22.7 30.0

5 to 4: 12.9 8.4 9.0 10.4 7.9

6 to 5: 10.7 7.7 8.8 8.6 6.6

7 to 6: 7.5 5.6 5.8 6.5 5.2

8 to 7: 4.8 3.9 4.1 4.9 3.9

9 to 8; 4.6 3.1 3.3 5.5 2.3
>9: 13.3 13.3 12.2 12.0 14.9
mean: 4.2464 3.3404 3.1855 3.9776 3.6836
sorting: 2.0338 2.3089 2.1020 2.2343 1.8691
skewness: 0.2214 0.1283 0.1612 0.2041 0.2091
kurtosis: 1.1256 0.9601 1.1173 1.0734 1.3366
sample: 55 57 58 59 60

phi .

0 to -1: 0.6 2.2 1.7 1.6 2.6

1 to O: 1.9 6.9 4.2 3.5 3.7

2 to 1: 5.5 11.1 8.9 8.1 8.5

3 to 2: 17.7 11.4 19.5 11.9 18.8

4 to 3: 19.2 21.5 24.8 27.9 23.7

5 to 4: 11.0 8.8 8.4 8.9 7.5

6 to 5: 13.3 9.3 7.7 9.0 7.4

7 to 6: 8.4 6.9 6.1 6.4 5.5

8 to 7: 8.6 4.9 3.3 4.2 4.0

9 to 8; 4.6 3.3 2.6 3.2 2.9
>9: 9.2 13.7 12.8 15.3 15.4
mean: 4.4180 3.7488 3.6369 3.9140 3.6364
sorting: 2.1044 2.2542 1.9551 2.0237 2.0358
skewness: 0.2234 0.1250 0.2189 0.1956 0.2138
kurtosis: 0.8826 0.9623 1.1716 1.1403 1.1987
sample: 61 62 63 64 65

phi

0 to -1: 1.3 2.5 2.6 0.6 3.3

1 to O: 3.4 5.3 4.5 l.6 5.6

2 to 1: 9.5 11.3 10.7 4.9 9.8

3 to 2: 21.5 20.1 19.4 17.2 11.3

4 to 3: 26.3 22.4 17.5 32.4 15.6

5 to 4: 7.2 6.8 6.2 11.8 11.7

6 to 5: 6.8 6.4 7.5 8.5 11.6

7 to 6 4.7 5.7 6.7 5.5 6.8

8 to 7: 345 3.7 4.8 2.8 4.4

9 to 8; 2.9 3.6 5.2 2.6 3.1
>9: 12.9 12.2 14.9 12.1 l6.8
mean: 3.6016 3.5173 3.7564 3.8917 3.8292
sorting: 1.8796 2.0802 2.3170 1.6578 2.2758
skewness: 0.2728 0.2302 0.2749 0.2592 0.0390
kurtosis: 1.2997 1.2264 0.9973 1.2583 0.9576
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sample: 66 67 68a 68b 69

phi

0 tO -1= 207 4.7 007 007 500

1l to O: 6.5 12.7 2.2 1.8 9.0

2 to 1: 11.5 20.6 5.9 2.5 14.2

3 to 2: 15.7 13.7 5.9 0.4 10.7

4 to 3: 21.7 12.1 23.3 0.7 18.4

5 to 4: 8.7 5.5 21.0 5.1 12.2

6 to 5: 8.4 6.5 12.7 17.2 8.1

7 to 6: 5.1 5.0 6.2 19.3 5.1

8 to 7: 4.1 3.5 3.9 10.5 3.0

9 to 8; 2.2 2.8 2.8 4.4 2.4
>9: 13.4 12.9 15.4 37.4 11.9
mean: 3.4858 2.9247 4.3013 5.8503 3.2986
sorting: 2,0905 2.2692 1.7755 1.6706 2.2156
skewness: 0.1303 0.3373 0.0902 -0.2083 0.0519
kurtosis: 1.0874 1.0116 1.2667 1.6968 0.9522
sample: 70 71 72 73 74

phi

0 tO -l: 107 100 002 009 0‘6

1l to 0: 2.8 3.1 0.3 1.4 1.9

2 to 1: 7.3 5.8 0.7 2.9 3.2

3 to 2:¢ 14.9 17.3 2.6 5.6 5.6

4 to 3: 22.0 31.8 20.7 28.2 18.1

5 to 4: 11.0 8.1 19.3 19.7 19.7

6 to 5: 11.7 6.6 15.5 11.8 17.4

7 to 6: 8.4 5.5 7.2 6.1 9.0

8 to 7: 5.8 4.3 4.2 2.6 4.9

9 to 8; 2.8 2.8 3.5 2.3 4.2
>9: 11.6 13.7 25.8 18.5 15.4
mean: 4.1091 3.8175 4,.,8950 4.2995 4.7274
sorting: 2.0716 1.8258 1.5348 1.6042  1.8278
skewness: 0.1913 0.2707 0.2453 0.1991 0.0662
kurtosis: 0.9631 1.3364 0.9937 1.2485 1.1597
sample: 75 76 77 78a 78b

phi

0 tO "1: 1.0 lol 0.7 005 0.1

1 to O: 3.2 2.9 1.4 0.7 0.5

2 to 1: 6.1 4.8 1.7 1.5 1.2

3 to 2: 15.9 10.1 7.3 3.0 2.7

4 to 3: 35.8 25.9 37.0 6.6 6.7

5 to 4: 9.3 15.1 12.4 22.8 21.5

6 to 5: 7.4 12.1 11.3 22.0 26.4

7 to 6 5.2 7.6 6.6 13.8 13.5

8 to 7: 4.3 3.6 3.9 6.5 6.2

9 to 8; 1.9 3.7 2.9 5.1 4.6
>9: 9.9 13.2 14.8 17.5 16.6
mean: 3.7833 4.2329 4.3237 5.3496 5.3981
sorting: 1.7243 ©1.9087 1.6442 1.6159 1.4950
skewness: 0.2289 0.1770 0.4113 0.0762 0.0722
kurtosis: 1.4187 1.1894 1.1302 1.1790 1.1807
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sample:
phi

0 to -1
1 to O:

2 to 1:

3 to 2:

4 to 3:

5 to 4:

6 to 5:

7 to 6:

8 to 7:

9 to 8;
>9:

mean:
sorting:
skewness:
kurtosis:
sample:
phi

0 to ~1:
1 to 0:

2 to 1:

3 to 2:

4 to 3:

5 to 4:

6 to 5:

7 to 6:

8 to 7:

9 to 8;
>9:

mean:
sorting:
skewness:
kurtosis:
sample:
phi

0 to -1:
1 to 0O:

2 to 1:

3 to 2:

4 to 3:

5 to 4:

6 to 5:

7 to 6:

8 to 7:

9 to 8;
>9:

mean:
sorting:
skewness:
kurtosis:

= N =
OPUNWHOONKKFO
® o o e o o e e o o L[]

NHEOWOUROND NSO

8]

5.2129
1.6652
-0.0096
1.1448

78d 78e
0.0 0.0
0.2 001
1.6 1.6
8.3 9.8
21.8 24.4
22.1 21.5
11.7 10.8
5.5 5.3
2.3 2.5
3.2 3.2
23.3 20.8
4.4880 4.4108
1.5301 1.5277
0.1999 0.2442
l1.1928 1.2121
79d 79%e
1.1 0.7
1.1 0.7
3.8 3.7
11.9 13.5
25.0 33.6
9.2 7.1
10.7 3.9
6.9 4.0
4.2 2.5
2.5 2.6
23.6 27.7
4.2147 3.8495
1.8423 1.5666
0.2709 0.3172
1.0513 1.8546
80b 80c
0.5 2.8
0.8 2.0
1.3 2.4
2.9 4.3
12.4 18.6
18.6 15.9
20.6 12.6
10.0 7.2
5.2 4.0
3.4 2.1
24.3 28.1
5.0795 4.3701
1.6165 1.9115
0.0286 0.0301
1.1703 1.2994
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sample: 8lc 8ld 82a 82b 82c

phi

0 to =-1: 0.1 0.9 1.6 1.1 l.4

1l to 0: 0.9 5.9 2.8 2.9 l.8

2 to 1: 1.3 4.6 3.5 3.8 2.0

3 to 2: 5.2 6.4 3.9 5.2 5.5

4 to 3: 25.9 25.9 17.3 18.1 24.3

5 to 4: 20.1 12.4 17.8 18.0 13.1

6 to 5: 13.5 10.9 15.9 15.9 14.1

7 to 6 9.7 7.9 10.8 9.6 8.1

8 to 7: 5.8 5.7 4.6 5.3 2.6

9 to 8; 3.3 4.1 4.9 2.4 4.4
>9: 14.2 15.3 1l6.9 17.7 22.7
mean: 4.7350 4.2522 4.7154 4.5622 4.5395
sorting: l1.6227 2.1101 2.0135 1.8825 1.8788
skewness: 0.2430 0.1572 0.0245 0.0164 0.1982
kurtosis: . 0.9827 1.1928 1.2116 1.1437 1.1830
sample: 82d 83a 83b 83¢c 85

phi

0 to =-1: 2.1 0.5 0.1 0.0 4.6

1 to O: 3.6 0.7 0.3 0.3 6.6

2 to 1: 6.1 2.5 3.3 4.6 7.2

3 to 2: 14.0 10.3 17.0 18.8 8.1

4 to 3: 37.1 17.5 31.2 34.8 19.1

5 to 4: 7.3 17.5 13.1 11.1 15.2

6 to 5: 3.6 18.1 3.7 2.3 12.1

7 to 6: 2.9 8.3 3.9 2.9 7.5

8 to 7: 2.4 4.7 2.5 1.9 3.3

9 to 8; 1.4 3.5 1.9 l.6 8.6
>9: 19.5 16.4 23.0 21.7 7.7
mean: 3.4307 4.6757 4.8361 3.6262 4.1197
sorting: 1.6008 1.7578 1.4224 1.3223 2.4359
skewness: 0.0419 0.0809 0.2640 0.2084 0.0261
kupposis: 1.9514 1.0088 1.3671 1.6787 1.1093
sample: 86 87 88 89 90

phi

0 tO -1: 1.2 l.6 l.5 2.4 l.8

1 to O 2.5 4.2 4.0 5.6 3.4

2 to 1: 2.9 5.8 4.6 8.6 4.2

3 to 2: 4.9 5.6 5.5 8.0 4.9

4 to 3: 19.6 18.2 14.2 17.0 18.0

5 to 4: 19.9 16.9 17.7 13.6 17.8

6 to 5: 15.5 15.8 l16.4 13.9 16.8

7 to 6 7.8 8.2 10.0 7.7 9.5

8 to 7: 4.8 4.6 4.7 5.0 5.3

9 to 8; 3.1 2.7 3.8 2.4 3.2
>9: 17.8 16.4 17.8 15.8 15.1
mean: 4.5609 4.3232 4.5406 4.0296 4.5284
sorting: 1.8447 2.0015 2.0535 2.1847 1.9863
skewness: 0.0566 -0.0541 . -0.0748 -0.0339 -0.0185
kurtosis: 1.2246 1.1795 1.1829 0.9941 1.1995
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sample:
phi

to -1:
to 0:
to 1:
to 2:
to 3:
to 4:
to 5:
to 6:
to 7:
to 8;
>9:
mean:
sorting:
skewness:
kurtosis:
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sample:
phi

to -1:
to 0:
to 1:
to 2:
to 3:
to 4:
to 5:
to 6:
to 7:
to 8;
>9:
mean:
sorting:

Voo WNDHO

skewness:
kurtosis:
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to 4:
to 5:
to 6:
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to 8:;
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mean:
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kurtosis:
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sample:
phi

to -1:
to 0:
to 1:
to 2:
to 3¢
to 4:
to 5:
to 6:
to 7:
to 8;
>9:

mean:
sorting:
skewness:
kurtosis:

VOO, WNDKHO
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to -1:
to 0:
to 1:
to 2:
to 3:
to 4:
to 5:
to 6:
to 7:
to 8;
>9:

mean:
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kurtosis:
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mean:
sorting: 1.3568
skewness: 0.2165
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APPENDIX C

Method of Mineral Analysis

a) Fine Sand (4-2¢) Mineralogy

The 4-2@ fractions of samples were collected from sieves
after making particle size analyses at 1@ intervals, and light
fractions were separated from heavy fractions by flotation in
bromoform (specific gravity = 2.90) in separating funnels. The
separated fractions were collected in filter papers and washed
thoroughly in acetone to remove the bromoform, before drying.

~ Teﬁporary mounts were made of sub~samples from each
fraction by immeréién in a clove oil mixture (refractive index = 1.538)
on glass slides., The minerals were identified by examination of
théir oﬁticélhand crystallographic properties with a Zeiss polarising
microscope.

b) Coarse Silt (6-4#) Mineralogy .

The silt and clay (D 4¢) fractions of 20-40g samples were
dispersed and placed in suspension in a 1000ml measuring cylinder by
the method used for particle size analysis (AppendixA ). The 6-4¢
fraétion was éeparated from the rest by repeated stirring and
settling under gravity, the finer particles being siphoned off at 20cm
depth after the ) 6@ (16pm) had settled beyond 20cm,

After drying, samples were shaken in Bromoform in pointed
glass tubes and light and heavy fractions were then separated by
centrifugation. The bromoform containing the heavy minerals at the
base of the tubes was frozen by placing the tubes in an ice/salt
mixture so that the light minerals floating on top could be decanted,
The samples were washed, mounted and identified as for the 4-2¢

fraction,
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APPENDIX D

! SAMPLE LOCATIONS AND SEDIMENT TYPES

Data for the location and sediment type of every sample
discussed in the text are presented below. The abbreviations
'ub' and 'lb' under sediment type refer to upper brickearth

and lower brickearth respectively.

sample no.: 1 sample no.: 2

locality : Stony Cross locality : Longcross Plain
grid ref. : SU248123 . grid ref. : SU243153
sediment : ub sediment : ub+lb mixed

sample no.: 3 sample no.: 4

locality : Fritham Plain locality : Bratley Plain
grid ref. : SU224136 grid ref. : SU219087
sediment : ub sediment : ub

sample no.: 5 sample no.: 6a and b
locality : Handy Cross locality : Ocknell Plain
grid ref. : SU210076 grid ref. : SU223099
sediment : ub sediment : a=ub, b=1b
sample no.: 7 sample no.: 8

locality : Whitefield Moor 1locality : Longslade View
grid ref. : SU278026 grid ref. : SU/SZ2278000
sediment : ub sediment : ub

sample no.: 9 sample no.: 10

locality : Horseshoe Earth locality : Goatspen Plain
grid ref. : SU264013 grid ref. : SU224019
sediment : ub sediment : ub

sample no.: 1l sample no.: 12

locality : Pigsty Hill locality : Burley

grid ref. : SU218026 grid ref. : SU219033
sediment : ub sediment : 1b
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sample no.:

locality.
grid ref.
sediment

sample no.

locality

grid ref.-

sediment

sample no.

locality
grid ref.
sediment

sample no.
locality

grid ref.

sedimentﬁ

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.

sediment)

sample no.

locality
grid ref.
sediment

sample no.

locality

grid ref.

sediment

13
Spy Holnms
SU237026
ub

15
Wootton
$2236993 .
ub

17

Bashley Manor Fm.

§2233962
ub

19

Barton Common
S72249933

ub

21

Chewton Common
§2214944

ub

23 .
Hinton House
872215953

ub

25

Beckton Farm
SZ255933

ub

27

Yeatton Farm
§Z273945

ub

29

Hollybush Farm
§2275955

ub

sample no.:

locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality

grid retf.

sediment

sample no.
locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment
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14
Wootton
82231987
1b

16 (
Fernhill Gate
§2243964

ub

18

Walkford Farm
§2231948

ub

20

Chewton Glen Fnm.

S§2224945
ub

22
Hinton
S72206947
ub

24

Ashley Manor Fn.

52256940
ub

26

Hordle Cliff
§2274919

ub

28
Barnes Farm

S7287925 ..

ub

30

Plain Heath
82216984

ub



sample no.:

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

31

Sturt Pond
57298911
ub

33

Bagshot Moor
SU365006

ub

35

Beaulieu Heath
SU353015

ub

37
Crabbswood- Farm
§2266975

ub

39

Tiptoe Farm
872246965

ub

41

Pennington Common
S2305953

ub

43

Holbury Farm
§2292975

ub

45

Normandy Farm
S72332944

ub

47

Dilton Farm
SU328004

ub

sample no.:

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

382

32

Norley Inclosure
§2353984

ub

34

Hatchett Gate
SU367021

ub

36

Stockley Incl.
SU355023

ub

38

Downlands Farm
§2276972

ub

40

Vidle Van Farm
S2302924

ub

42

Little Gordleton
52296965

ub

44

Sadlers Farm
S§72314937

ub

46

Battramsley Farm
$2308982

ub

48

Whitemoor Rough
§$2333993

ub



sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref..
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

49

Slade Farm
§72326985
ub

51

Snooks Farm
SZ342963

ub ‘

53

Newtown Park Fn.
S72352968 ‘

ub

55

Beaulieu Heath
SU347003

ub ‘

58

Bridge Farm
82362972

ub

60

Newhouse Farm
SU376004

ub

62

Beufre Farm
Su395007

ub

64

Thorns Farm
S§2389964

ub

66

St. Leonards Fm.
S§2407981

ub

sample no.:
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

o0 ¢9® 89 o0

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

383

50

Warborne Farm
82333974

ub

52

Lisle Court Farm
S52346955

ub

54

Wormstall Hill
SZ364994

ub

57

Tanners Lane
S2365953

ub

59

Broomhill Farm
§2371985

ub

6l

Swinesleys Farm
SU379015

ub

63

Lodge Farm
$2387993
ub

65

Park Farm
§2400969
ub

67

Sowley Farm
SZ375963

ub



sample no.:

locality
grid ref.
sediment

sample no.

locality
grid ref.
sedinent

sample no
locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment -

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no
locality
grid ref.
sediment

. 0@ o6 o0 oo

68 a and b
Lepe Cliff
SZ457984
ub (a) 1b (b)

70

Fawley Inclosure
SU407055

ub

72, 73
Barton-on-Sea
$2236929

ub

75

pburns Town
§2290990
ub

77

Duckhole Bog
SU253017

ub colluvium

79a to g
Beaulieu Heath
SU339015

ub and 1lb

8la to d
Longslade Bottom
SU262008

ub colluvium

83a to ¢

Hook Gravel Pit
SU513053

ub

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.
“locality

grid ref.
sediment

sanple no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

384

69

Fields Farm
SU464027

ub

71

Setley Plain
SU301002

ub

74

Efford Exp. Stn.
S2303937

ub

76

Buckland Manor Fm.
S§2312964

ub

78a to d
Chilling
SU515042
ub

Copse

g80a to ¢
Wootton
S§2241986
1b

g2a to ¢
Wilverly:
SU253012
ub

Plain

85 to 92
Wilverly
SU253012
ub )

Plain



sample no.
locality
grid ref.
sediment .

sample no.
locality.
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

93 to 97
Scrape Bottom
SU253018

ub colluvium

105 to 107
Sturt Pond
S72298810
ub

113 and 114
Beaulieu Heath
SU339015

1b (113) ub(114)

117 and 118
Holbury Pit
SU426049

1b -

122

Barton on Sea
§2236929
gravel

124

Passford House
82297975
gravel

126 and 127
Calveslease Copse
SU323002

undif brickearth

129

Longslade Bottom
SU263006

Barton Sand

131
Lyndhurst
sU308080
Barton Sand

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

sample no.

locality
grid ref.
sediment

585

102 to 104
Longslade Bottom
SU263006

ub colluvium

108 to 112
Thorns Farm
S2389964

ub and 1lb

115 and 116
Black Knowl
SU294034

1b

119 to 121
Rockford Common
SUl173084

ub,1lb and gravel

123

Holbury Pit
SU426049
gravel

125

Little Gordleton
S2296965

gravel

128

Wilverly Plain
SU253012

ub

130

Barton on Sea
52238929
Barton Sand

132

Hordle Cliff
SZ2269921

Headon Beds Sand



sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality

grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

133

Rockford Common
SUl64083
Bracklesham Sand

135 °
Tanners Lane
82365953

1b

137

Hordle Cliff
87269921
1b

140

Rockford Common
SU173084

gravel

143

Lepe Cliff
52457984
gravel

145

Lepe Cliff
S72457984
ub

147

Tanners Lane
SZ365953

1b

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality

grid ref.

sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

sample no.
locality
grid ref.
sediment

386

134

Ocknell Plain
SU223099

1b

136

Burley Moor
SU214043

ub

138

Fritham Plain
SU224136

1b

141 and 142
Calveslease Copse
SU323002

gravel

144

Rockford Common
SU173084
ub

146

Mudeford
872190924
Bracklesham Sand

148

Calveslease Copse
SuU323002

undif. brickearth
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