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Introduction y

Barly rcforcnces to goils

Although the present roview is concerned meinly with work carried
out since the establishument of the Reserve it is interesting to note
some of the earlier references to the soils of the area. The earliesgt
are usually in books on natural history and are essentially asides to
considerations of vegetation., Thus Robinson (1709) in his study of the
natural history of Cumberland tells us that limestone soils are

"productive of a great variety of fine sweet Herbs, Plants and Flowers
which afford rich feeding", A little later Hutchinson (1794) says of
the adjacent Cumberland fells: "climate and soil are best suited to
grazing".

The earliest works which contained sections devoted specifically
to soils were the Board of Agriculture county reports and in the report
for Cumberland (Bailey and Culley 1794) the soils of the county are
divided into fertile clays, dry loams, wet loams and "black peat earth,
The "black peat earth™ is said to be "most prevaleat in the mountainous
districts, particularly those adjoining Northumberland and Durham",
The report for Westmorland (Pringle 1794) contains the references to
soils in the "Preliminary Observations™ by the Bishop of landaff., The
Bishop makes the following observation: "Others constitute extensive
mountainous districts, called by the natives fells and moors; the soil
of these is, generally speaking, a hazel mould. In its natural state,
is produced little else than a coarse benty grass, heath and fern; or
in the language of the country, ling and brackens." While discugsing
the Pennines in general Johnston (1844), in his "Lectures on Agriciiltural
Chemistry and Geology'" has the following to say about ©oils developed
over the Carboniferous limestone: "from the slowness with which the rock
decays, many parts of it are quite naked, in others, it is covered with
a thin light porous soil of brown colour',

The first publication devoted entirely to the-soils of an area which
includes Moor House was "A prelimidary examination of the soils of
Ciumbria® (Bainbridge 1939). The suther recognises three main classes
of soils:~

) Mountain Soilsg

(a
(b) Forest soils:
and (c) Marine soils
which are further subdivided on the basis of parent material and texture,
Although Mountain Soils are recognised as one of the primary divisions

Bainbridge dismisses the Pennine uplands as heing peat covered,
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The earliest soil work on the Reserve

The provigion of initial data in ecological studies gave rise to
the earliest soil work after the establishment of the Reserve., Tor this
purPose a relatively detailed examination was made of the soils of
several sites on which long~term enclosure tree planting experiments
were set up on Hard Hill, Little Dun Fell, Knock Fell and Green Hole,
Investigations included the digging of soil pits and the subsequent
production of annotated profile descriptions and diagrams (Fig. 1);
the intention being to provide a profile of each of the soil variants
included (Reserve Record Volumes 50 The profiles were sub--divided
on the basis of colour and texture but although horizons were designated
by A, B and C cymbols these latter were not used according lto current
pedological couvenlions, The soils were nol classified on a pedological
basis but were referred to by the dominant vegetation of the soil in
gquestion, Notes were also recorded on the variation in soil type within
the plots, the parent materials and, sometimes, on the inter-relation-
ships of the various soils., Soil analyses were algo carried out on
0~ 5 and’5 - 10 cm samples from the enclosure sites, This soil
information forms basic data designed to allow monitoring of changes
resulting from the long-term enclosure of the sites, The investigation
of any such changes awaits resampling of the enclosures,

4 soil map prepared for one of the experimental sites (¢reen Hole)
“constitutes the first attempt to actually map soils anywhere on the
Reserve (Fig. 2). The exercise was carried out by three students as

a vacation exercise and the resulting map distinguishes thick peat,
thin peat, alluvial mineral soils, non-alluvial mineral soils and pot-
hole 8oils, - The map was intended as a base against which to monitor
subsequent changes,

A goil related topic which received considerable attention in the
¢arly records of the Reserve was the former extent of blanket peat. The
general ‘opinion was that it had been much more extensive in the past and
that erosicn wag still continuing in some aress., The small limestone
outcrops which occur on the Reserve below’' » m Q500 ©t) 0.0. were also the
subject of particular interest, The question was whether they had
remained as "peat-free oases” or had been peat covered and subsequéntly
re-exposed., Many were thought to have been covered at one time with
peat (Reserve Record vVolumes ). The digstribution of calcicole and
calcifuge communities associated with these out-crops may be attributed
to variations in the thickness and degree of modification of the drift
cover over thé limestone. Thus the Juncus squarrosus-Nardus stricta
vegetation over limestone may be present due to "areas where, for- various
reasons, the residusl drift is less highly modified" and not due Lo “the
effects of over-grazing and/or leaching™. Purther reference will be made
to these limestone outcrops later. ‘

Studies on nutrient input and loss

A further line of research which involves soil studies or the .
collection of soil data is the attempt to consiruct a bhalance sheet for
the anmual input and logss of plant nutrients. This research also began
soon after the Reserve was established,(Park, Rawes and Allen 1962) and
a prelimingry balance sheep (Table 1) showed that more calcium was added
to the soil in rainfall than was removed in an annmuel crop so that calcium
shortage was not a factor on the grassland examined, The addition of
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potassium from dung and rainfall was sufficient to offset fthe loss by
leaching but much less than that removed in an annual crop, It has
been suggested that plant roots are able to tap resources of potassium.'_
within the soil which are not so loosely bound that they are removed
by leaching., lLittle phosphate. was removed by leaching, but little was
added by rainfall, and the amount returned in dung was "of the same
order of magnitude" as that removed by cropping. As a result the
phosphorus balance was precarious and a phosphate deficiency may he
expected to develop and increase, This type of research was continued
with a detailed study of the input and output of minerals in a small
area of moorland, the 88 ha Rough Sike catchment (Crisp 1966), This
study determined the input of nutrients in precipitation, and the
losses in stream water, as animal material in suspension in stream
water, and due to sheep grazing (Table 2). An attempt was also made to
determine the amount of wmaterial, in susvension and solution, added to
the stream waters from the banks and beds of the streams, The results
showed that sheep "have a negligible effect as a direct drain on the
mineral resources of the system", For all five elements studied,
sodium, potassium, calcium, phosgphorus and nitrogen, the output was
much grester’ than the input, but there may be additional input of the
three metal ions by solutiom of mineral material, e,g. limestone bedrock,
within the catchment. Also the losses of nitrogen and phosphorus in
the stream water are large when compsred to losses due to heather
burning,

The effect of heather burning on the minersl nutrients and nutrient
cycling has been studied in the laboratory (Allan 1964), Over half
the carbon, nitrogen and sulphur in the heather is driven off in the
smoke, The mineral nutrients, particularly potassium, are readily
dissolved from the residual ash but the potential loss is reduced hecause
the soil retains nutrient ions from the percolating solutions, However,
it seems that if the o is any loss of nutrients from the plant-soil
complex as a rosult of burning, precipitation can "restore the mineral
nutrient balance within a short period except on porous soilsh,

Several other investigations include small amounts of background
soil work as annotated descriptions or a limited range of analyses, most
comnonly pH and loss~on~-ignition. Thus, for example, Latter, Cragg and
Heal (1967) cerried out some soil analyscs (Table 33 as part of their
study of the microbiology of four moorland soils. The actual sites
investigated were a "[estuca-Agrostis grassland™ on a rendzina, "Juncus
Squarrosus moor" on a peaty gley, "mixed Calluna-Zriophorum moor" on
blanket peat and "bare eroded peat”, The study established an activity
gradient with its highest values on the mineral-rich, freely drained.
rendzina and its lowest on the mineral~poor, acid waterlogged conditions
of the bare peat.

Detailed pedological studies

The first detdiled pedological work on the Reserve was carried
out by Dr. G.A.L. Johnson and developed from his geological research
project., The initial work was stratigraphic and palaeontological but
this was later expanded to include an examination of the clay minerals
of some of the Carboniferous sediments, and eventually, of various soils.
The soil aspects ol the work developed and a soil survey of the Reserve
wag carried out from which a soil map was produced, The map (Fig 3)'and



4,

a brief account of the soils were included in Tthe book "The Geology of
Moor Houge® (Johnson and Dunham). In 1963 the present author began

work at Moor House to continue the research of Johnson and to provide
mox'e detailed information, e.g. profile descriptions and chemical
analyses, on the more important mineral soils on the Reserve, This

work did not invelve a re-survey of the entire Reserve although large-
scale mapping of spils and slopes was carried out in some.of the soil
complexes adjacent to limestone ou%crops, and some of the soils described
by Johnson were reclassified. -

The originélfmapping was carried out on the bagis of major soil
groups and sub-groups with complexes of two subw-groups also being
recognised., The 80il clagsification used was based upon that of
"Robinson (1951) with emendations suggested by the Soil Survey (Muir,
1956)”. ~No indication of parent material was included on the map or
incorporated into the mopping units. Tourteen mapping units were
recognised and used on the final map: these fourteen units were grouped
under the following headings - Mineral Soils, Orgsnic Soils, Skeletal
Soils and Soil Complexes, (Fig 3). The Mineral Soils include five
mepping units which are eithexr Great Soil Groups or sub-—groups.  Some
of the units were based upon well established soil sub-groups, e.g.
peaty podzols and peaty gleys, but ovhers, the brown ecarths and red-
brown limestone soils, are rather morve vague and ill-defined. The name
"fell top podzols™ was originated by Johnson to describe podusols
occurring on the higher fell tops, Six of the mapping units are grouped
as "Soil Complexes™ and these include complexes composed of two soil
gsub-groups, e.g., peaty gley-peaty podzol, Others such as “mixed bottom
lands" indicate the location and other indicate a controlling influence
in the evolution of the soils, e,g, "solifluxion creep soil complex"
and "eroded blanket peat soil complex™. fwo mapping units, "blanket
bog" and "valley bog" make up the "Organic complex", The "Skeletal
Soil" only includes one mapping unit, "Coarse Scree't., The published
Hap was on a scale of 2 inches to the mile although the field mapping
was carried out at six inches to the mile,

The mapping illustrated the dominance of organic soils, in
particular: blanket peat, within the area of the Reserve but more
especially on the gentle slopes cast of the summit ridge, In this
latter atea the only gaps in the peat-cover below about 670m (2200 ft)
are small areas around limestone outcrops, along the valleys of the
larger streans and on sandstone outcrops. Above c, 670 m (2200 £t)
scatbtered larger areas of non-organic soils occur as the slopes steepen;
these are generally complezes of peaty gleys and peaty podzols or peaty
podzols and brown earths., The fells of the suwmit ridge, ie. Great Dun
Fell, Little Dun-Fell and Knock Fell, have "fell top podzols" on the
actual summits and non-organic soil complexes on the peripheral steep
slopes. The western.escarpment has a much lower proportion of peat—
covered ground, tuls being reslricted to the larger gently sloping
benches. On the other, more typical, steeper slopes the whole range of
"mineral soils" found on the Reserve are represented,

One chapter of "The Geology of Moor House" was devoted to "Soils"
and dealt with the "mineral soils", This contains short sections on
mapping and classification before considering the parent material and
the distribution pattern of the soils. Rach soil group and the soil
complexes are then considered in turn. 'The work carried out by the
present author formed the subject of an unpublished Ph.D. tliesis and



== L4 S

9

I 35704

10y ST %05 |
| VY HY3G

LT NOWIGN0g

k

$94°F 4d IS g woswyor 1y 9 Ag
Kouonsasuoy aimon ay) o) Kerng jiog

ANV 14O LSAM

IHL 40

dVIA TOS

By /lr

o

_
iSq- g
b=
SHTIELS L8 1 7
GITET LON JYIHMA YURIUG FAYISTY TE TN T T ‘ r v
woy V \H ﬂ
NG X0 7

. ‘.l..h.uu_. Y 1NEng
AN =~ -
Ny /

FAYISTY FHINLVYN TYNOILYN 3SNOH 3OO

.ﬁ/,/

Bty

&
v3H

43

y g

908 3ANTIF ]
i I

1

4

S0 INYOHD)

R

RS

6/ T s @ Qrg vl
\ | ! |
SANM = = - - -
F4 211 | 24 Q
(511 ) sgv>rf, s s 008 41T SIS,
NNOKD IG¥ ! 0L 108 QT sev03(00eS, {7« ALy
S L NMOYE

by
4372
pris g

N\

§Ls

IvaaNgy

e

|
M

SHOS T
207004 Wﬂl.w
0L 1134 ==

vy FrammC

T

...V.m.m.

S
oV¥] 1Y

£9%5.000 OLEY PA PUEY 10Z0t 4 1A 18i€

29

(ol T4
7

1134 SSO¥D

- ()

|






SRR s

=

——— e

2

was divided into three sectiong; the first considered the factors of
soil formation, the second the soil complexes associated with limestone
outerops and the third the more important soil sub=groups found on the
Reserve before considering the soil distribution pattern on the

western escarpment, «

Johnson stresses the dominating role of climate as a soil-forming
factor, Migh rainfall, coupled with low temperatures has the result
that peat formation can proceed at the present time and the non-organic
soils are acid and leached and commonly have an organic-rich surface
horizon, In a more detailed consideration of the soil-forming factors
Hornung (1968) devotes & chapter to each of the factors., An outline is”
given of the effect of each factor on goil formation; the factor as
found at Moor House i then detailed and finally its cffect on soil
Tormation in the area of study is assessed., In this way the manner = |
in which topography is known to affoct soil formation is outlined, the
topography of the Reserve is then discussed and finally the influence
of the topography of the Reserve on soil formation in the area is
discussed., Past as well as present climate must be considered as any
drastic change in the climate would cause a change in the pattern of .
goill formation and begin a new cycle,

Climate is once again emphasised but the modifications te. the over-
all paltern due to variationsg in the other.factors are also pointed out,
Thus' veriations .in topography give a poorly developed slope sequence,
This sequence is best developed on the stepped escarpment where blanket
peat occupies the flat, or very gently sloping areas, and this gives
way to peaty gleys, peaty podzols, brown earths and brown podzolic
s0ils as the slope increases and drainage improves. The blanket peat
deposits were certainly more extensive in the past than they are today
and Johnson is of the opinion that "Only steeply sloping ground, the
near vicinity of streams and perhaps some of the larger limestone out-
crops were left bare of peat at this period", The present author
considers the spread of blanket peat and its subsequent erosion an
important factor in wmineral soil Fformation, Any soil covered by
blanket peat is, in effect, sealed off from the soil-forming sgencies
and soil "developument™" w111 only begin apain when the peat is removed
by erosion,

The parent material of the mineral soils is briefly considered
by Johnson (;g;g) and is said, for almost a2ll the soils, to be derived
from the underlying local Carboniferous rocks with only a small area
of soils in the north-west of the Reserve being derived from the .under-
lylny lower Palaeozoic strata, The most recent work has confirmed
these conclusions, The eastern slopes below the summit ridge are almost

' entlrely mantled by & locslly derived mixed Carboniferous drift with

& clay loam texture. The western escarpment is also largely .drift-
covered but while most material is dominated by the rocks occurring
immediately upslopc a contribution of erratic material is present
below about 54¢ m (1800 £t), iven the shallow soils associated with
limestone outcrops can be shown to be developed in a drift rempant and
it is probable that the only truly sedentary soils over limestone are
those found on ledges on the limestone cliffs. The rankers developed
on Ordovician tuffs, and originally mapped as brown earths, “and small

‘areas on the Whin Sill are dominated by material derived from -the under-

lying rock although they also contain some drift material, The "fell top
podzols™ are other soils which contain only a minor drift influence, as
will be discussed later,
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Clay mineral -studies by Johnson (1bld) showed that the Carboniferous

-shale contrlbuted illite to the drift deposits and the soils -formed in

them, whereas kaolin was present in the sandstones and seat earths, Little
breakdown of the clay winerals is apparent although there is some indi-
cation of a development of mixed layering in the illites and chlorites.
Later work has confirmed the dominance of illitic clays in the most
widespread drift but significant and useful variations do occur. Thus

the Namurian rocks of the higher summits have & clay fraction dominated

by kaolin and this is reflected in the soils of the summit ridge
especially. the fell top podzolg., The Tync Bottom Limestone in places

‘contains appre01able amounts of clay grade material which is dominated
by chlorite and this can have a local influence on the derived drifts,

Tho kaolin firom some scat-carths mey aleo become locally important and
this is particularly true in the drift downslope of the seat earth which
overlies the Mclmerby Scar Limestone, These deteiled and local variations
have proved extremely useful in pedogenetic etudzeb on specific soils and
1n drift studies,

In the sectlons of the "Soils" chapter of the “Geology of Moor House',
which are devoted to each mapping unit, the soil being discussed isg
defined. The distribution is outlined and the pedogenic factors controlling
their formation are noted, A generalised profile is also included for
each sub_group end in some cases a specific proflle/colour photographs of

Cgix 501fb are presented, Section 3 of the present author's work (Hornmung
1968) is 'somewhat similar but differs in the classification and grouping

off the soils and in the level of detail., A chapier is devoted to each
sub=group and profile deseriptions and routine physico-chemical data are
presenteds ‘the parent materizal, factors controlling distribution and the
evolution of the soils are discussed, '

" In the case of the peaty gleys the work enlarges that of Johnson and
provides analytical data, The peaty gleys developed are very similar to
those described by many other authors using the current classification
of the Soil Survey of FEngland and Wales (Avery, 197)) and would almost
all belong to the stagnohumic gley soils slthough small areas of humic
gley soils are also present. The type peaty gleyed pod&o]o are similar
to those of Muir (1934) and Crompton (1956) and subsequently .reported
from many localities. There is, however, grest variability within the
sub~-group as devcloped on tho Reserve, capecially tvhere it merges into
the peaty gleys. Thus examples with and without thin iron panz are
found and also with gleying in the B and a freely drsined B horizon.

Most of the variants would be designated as stagnopodzols in the class-
ification by Avery (;g;g) and almost all belong to the iron pan stagno-
podzol sub-group. Some of the hypotheses for the formation of these soils
are discussed in relation to the examples from Moor House. Although they
have limitations the theories put forward by Crompton (1956) and Muir

(1934.), and developed by Damann (1965) still seem to be the most convincing,
These strei’s the presence of the water-holding peaty surfsce mat, the e
anaerobic conditions in the A2 horizons and relatively free drainage in

the B horizon,

In the case of the "Fell Top Podzols" there is a considerable
difference in treatment. Although the term "fell top podzol" describes
the location of these soils and places them in the correct great soil
group it does not show the affinity of these soils with similar ones else~
where., As a result the soils were reclassified as humus iron podzolss in
the more recent classification (Avery, ibid) they would belong to the
sub-group of typical humo~ferric podzols. They are restricted to areas of



Te

sandstone which form cappings on some of the higher fells, ie. Knock TFell,
Great and Little Dun Fell, Cross Fell, and Hard Hill. Two phases, a deep
one. and a shallow one, are rocognlsed. The deep phase is found on the
more extensive, flatter sites, ie., Cross Fell and Hard Hill, The
unstable, and restricted suwmmit of Great Dun Fell carries the shallow
phase and Little Dun Pell a mixture of the two phases, Clay mineral
studies, heavy mineral studies and pebble counts have shown that the
soils were formed in situ from the sandstone debris produced by in situ
physical weathering. It has also been shown that translocation of clay
size material has teken place and also that a platey structure has been
developed in the B horizon,

- The brown earth mapping unit of Johnson has been Shown to include
a variety of soils, The generslised profile presented by him is that of
a high level acid brown earth or a brown podzolic soil, but without
accurate colours for the B horizon and free iron values it is difficult
to decide to which of these two sub-groups it belongs. Included within
his mapping unit are brown rankers, developed over Ordovician tuffs
near the Middle Tongue Beck -~ Crowdundle Beck confluence, normal acid
brown earths with a deep A horizon, high level acid brown earth with a
thin humic A of H/4, and brown podzolic soils with free iron values in
the B horizon, The normal acid brown earths are commonest in association
with the feature due tc the Melmerby Scar Limestone, The high level acid
brown earths (this naming is recognised as temporary and unsxtlsfactory)
are mainly at higher altitudes, They are on steep slopes or associated
with limestone outcrops. The brown rankers would now be reclassified
(Avery, ghlg)'as humic rankers while the normal acid brown earths and
the high level acid brown earths would both be typical brown earths
although they could be separated at the phase level into a mull and moder
phaze,

Podzolic soils with gleying, which are recognised by the present
author, have no direct parallel in Johnson's grouping. They are almost
certainly trdn vitional from a high level brown earth to a peaty podzol.
The discontinuous greyish gleyed/leachea horizon developed below the
H/A horizon is the first stage in the formation of a continuous A2
horizon., The brown podzolic soils are commonest on the steep valley
sides of the escarpment and are often in complexes with the brown earths.
The "solifluxion soils” are egentially a complex of brown earths and
podzolic soils and it is doubtful whether they should be separated at
this level.

"_ The lighter texfure of these “solifluxion soils" reflects the
charscter of the Namurian rocks which form the parent material while
the bulk density is due to their instability and to frost action.

The gkeletal wsoils of Johnson include a variety of rankers
developed over sandstones and the whin sill plus rendzina-like soils
developed over limestone. It is interesting that the brown rankers
developed on the Ordovician tuffs are included in this section by
Johnson although shown as brown earths on the map. Profiles of these
skeletsl soils are not included. The brown rankers and rendzinas were
investigated further by the present author but the other rankers await
more detailed research,

The complex of soils associated with limestone outcrops have formed
one of the major parts of research, particularly those outcrops, east
of the summit ridge, where they are surrounded by blanket peat. Several
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such areas were mapped  in detaii to show sldpe changes and soil distribution

o

The study indicated comﬁonffeatures of their micro-topography with
4 gories of dissected surfaces being developed on peat, head or drift and
limestone, The dissection of the limestone was shown to pre-date the
depogition of the head. This dates it as inter-glacial or pre-glacial.

".\Bach of the areas carries a very rapidly varying complex of soils slthough

they were mapped as uniform areas of red-brown limestone soils by Johnson.
The complex always includes the same sub-groups, ie. rendzina, brown
calcareous soil, scid brown earth, peaty podzol and peaty gley. (Some

of the moilg referred to as rendzinas would be grouped with the humic
rankers in Avery's classification and while some of the brown calcareous
soils would remain as typical brown calcareous earths others would be

“lsincluded in the typical brown Qarths.) The distribution of the various
. soils within the complex depends on the depth of superficial material

resting on the limestone (¥ig., 5). The rendzinas are the shallowest and
rarely more than 7.5 cm, deep, The brown calcareous soils vary between
7.% cm and 22,5 cm, the gcid brown earths 15 cm to 30 cm, and the peaty
gleyed podzols and peaty gleys more than 30 cm. The rendzinas and brown
cal.careous soils are usually found on the upstanding remnants of the
original limestone surface which now have only a thin drift cover. Acid
brown earths and peaty gleyed podzols are usually found in the thicker
drift blanket which passes under the blanket peat surrounding the area.
Remnant mounds of deeper drift may also be present within the area and
acid brown earths or peaty gleyed podzols are associated with these,

The parent materials of the soils are discussed in detail with the
separate limestones heing considered in separate groups. The intention
was to attempt to show the origin of the parent material of each soil
sub-group, the contribution of the underlying limestone and also to see
if a loessial contribution could be detected. The dominant parent
material was shown to be drift or head slthough some aeolian material may
have been incorporated., The shallow soils, ie.. the rendzinas and the
brown calcareous soils contain a significant contribution. from the under-
lying limestone and in some rendzinas the limestone contribution is
dominant. The parent materials of the deeper soils have little, or no
contribution from the limestone, Exceptions to this general scheme can
be found and some acid brown earths are developed over very impure parts
of the Tyne Bottom and Tour Fathom Limestoness; the parent material of
these soils is derived mainly from the underlying limestone although
transported material is also incorporated,

The inter-relationship of the soils which make up the complex is of
interest along with the significance of the limestone bedrock in the
evolution of each member of the complex. Two short trenches were dug to
investigate the transition from one member of the complex. In the calc-
areous members of the complex the limestone bedrock acts as a source of
calcium to the vegetation and hence helps to maintain the high base status
and near neutral pH of these soils,” In the deeper wmembers of the complex
the limestone would seem to be beyond the reach of plant roots and -hence
much less important as a source of nutrients and algo as a corrective to
the acidity caused by the intense leaching due to the high rainfall, In
these soils the limestone helps to maintain the.sub-soil as freely drained,
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KEY TO FIG. 4.
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(Soil complexes are indicated by mixing symbols)
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The climax soil on these limestone areas would probably be a peaty
podzol, Solution of limestone bedrock below the shallower soils would
add insoluble residue to the soils and hence gradually deepen the soils,
As they deepen the limestone will become less important as a source of
bases to the surface vegetation, leaching would become dominant and hence
the soils become increagingly acid. Overthe pure limestone this sequence
would be extremely slow and the present complex has probably been stable
for a long period. The sequence would proceed quicker over.the impure
limestones, e.g. some beds_of the Tyne Bottom Limestone, The significance

_of sheep grazing in determining the speed and direction of goil evolution
was &lgso considered, If gragzing causes an increase in the acidophilous

specics then this will emphasise the trend towards more acid soils, but

. if it helps to maintain the basiphilous vegetation it will counteract

goil evolution,

Johnson was of the opinion that the reddish colour of some of the
calcareous s0ilo wag due to iron concentrated in the soil from the under-
lying limestone, The redder colours were taken to indicate greater
maturity. The present writer has shown that the different soil sub-
groups over the same limestonc, or devecloped in close proximity, contain
gimilar contents of iron. It is unlikely, therefore, that iron is
concentrated . from the limestone,

The history of these limestone grasslends has been discussed in an
attempt to see if it wes possible to solve the problem of whether or

" not they were formerly peat-covered. Most of the areas would be blanketed

by head or drift at the end of the Ice Age. If this blanket were still
in existence at the time of the maximum peat expansion then peat would
undoubtedly develop on them. Some sites, e.g. the crescentic area at
the east end of Hard Hill and the arca at the top of Moss Burn Flush were
almost certainly covered. The large sites, e.g. Rough Sike, Moss Burn,
Sheep Fold and Currick sites, were certainly smaller in the past, the
peat blanket having been cut back, but parts of these areas may have
remained uncovered, The siten are all located at erosion points, G.g.
they are domed areas of limcotone above which eny drift, or former peat
cover woul’ thin, oxr they are located where a stream crosses the edge
of the limestone outcrop.

A chapter of "The Geology of Moor House' was devoted to the "Peat
Deposits" of the Reserve, but I concentrated on the palynological studies,
These indicate that peat formation began in basin sites in Zono V, the
Boreal, while the onset of more widespread blanket bog accumulation began
during Zone VII, the Atlantic period., The basin peats show a sequence
from an open water habitat, through fen stages to a Sphagnun-Bricacese-—

Eriophorum bog. The blankel peat beging with 'a thin layer of stiff

amorphous peat; this is generally overlain by a forest layer, dominated
by birch, which gives way to a sticky peat composed mainly of Kriophorum,
Carex, Calluna and Sphgegnum, There is no evidence of a Boreal forest from

the shallow peat on the summit ridge.

Other work on the peat deposits has included investigations on
redaox characterigtics, cation chemistry,. factors limiting growth and
erosion processes. The variations of redox potential with season and
depth were investigated by Urquhart and Gore (197%); the seasonal varia—
tions became legs marked with increasing depth and showed correlstions

with temperatures, Vertical profiles of redox showed distinct minims

but at varying depths. The growth studies showed that although calcium
and phosphate contents are very low in the peats there was no response



P

10.

to edditions of these elements, probably because of climatic factors;
in cmtrast there was a marked response to nitrogen,

Peat erosion in the northern Pennines has been studied by Bower
(1960, 1961 and 1962) and much of this work was centred on the Moor House
Reserve, Two main groups of érosive processes were identified, water
erogion and mass movewent. Water erosion tekes place by digsection of
the peat by running water, sheep erosion of the peat surface, and by
backcutting at marginal faces developed at the edge of the blanket peat,
Mags movement of peat takes place on slopes and involves movement of the
whole peat layer. Masgs movement can also teke place in peat overlying
drift-covered limestone outcrops; this occurs when sink holes develop
through the opening up of an underground drainage system,

Dissection is the most important kind of peat erosion in the
Pennines and Bower distinguishes two types, The first is found in deep
peat (at least 1.5 - 2.1 m) and on slopes of less than 5°, is very
intense and caused by an intricate network of closely spaced gullies.
Most of the large eroding complexes on the Reserve are of this type.
The second type of dissection has no depth of slope limits and is much
more open with individual gullies rarely branching; it is commonest on
slopes exceeding 5° and at higher levels. Three main stages in gulley
development are envisaged by Bower. In the'early stages” the gullies are
contained within the peat, in the "advanced stage" they have cut to the
base of the peat and in the "late stage® the gullies are wide and the
islands’ of peat between them are swall and widely scattered.

A large-scale example of mass movement on a slope was provided by
the bog bursts on Meldon Hill in 196%, On this occasion two separate
slides occurred which caused the remvioval downslope of some 835 tons of

. peat (dry weight) from an area of some 8,600 sq. m (Crisp, Rawes and

Welch, 1964). The slides took place after a thunderstorm when the
solifluxion clay-peat interface failed under the weight of the fully
sgturated peat. The slope was 10  near the top, to 14 — 179 near the
bottom of the scars, The authors suggest that the primary cause of the
instability has been the lack of water~courses to drain the slopé, for
nearby areas with more water-courses have not sulfered spectacular
erosion,

RUINATY .

- The preceding account indicales lhe scale and range of the soil work
which has been carried out to date on the ares which has formed the
Moor House National Nature Reserve since 1952, These studies have

‘ranged from soil mapping, pedological and mineralogical investigations

to microbial, nutrient balance and productivity work, The soil mapping
has confirmed the dominance of organic soils but also indicated the range
of the subordinate mineral soils from rankers, rendzinas and brown earths
to gleys, peaty gleyed podzols and humus iron podzols and the variation
within the sub-groups. This spread of goils is typical of a considerable
area of the Alston block and some parts of the Askrigg block and the work
at Moor House has therefore a wider significance, The more detailed
research has investigated the role of the soil within the ecosystens
present on the Reserve and has helped in understanding the development

of the vegetation patterns found in this part of the Pennines. TFurther
projects have examined the nutrient budget under the present management

systen and the factors limiting growth on some of the soils,
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