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PARTICLE IZE DI TRIBUTIO OF THE 

URFACE OIL 0 THE LO ER GREE 

BEDFORD HIRE I E� TER 

F. BEA VI GTO

IN11l0DUC110N 

D 

Sin;gJe ��y �"\ll maps are 001nparath'ely uncommon and ()nly n few 
llJC of tenure. ays map of part (\f SC\uth Hampshire i an � ample of 
one of� thou� in this ea..� texture type boundaries are .. uperimposed 
on series... 1 A studv lw- been carried out of the S<'iL of the Lo""er Grcensand 
plateau of� Bedfordshire. The texture of their urface horizon .. ha .. 
beert mapped f\_")J' a �tati\� area of about three square ldloonetres 
of the � pan of the plateau in the parish of Sandy.l It wa� found 
that this mataial ,'Uied through three texture types.. Thi paper describes 
1bese � and in particular � the urfa t� tu.re dL tributiC'n and 
UJC cruses in its ,'ariation. 

The Lowa- Gn:en._qnd outcrops in eastern Bedfordshire and the 
� parts of Camhrid,::,«-eshire and Hunti�tldonshire to foml a low 
blll stttp-gded plateau 60 metres o.n. and three to four kilrunetres wide 
beTwoen the Oxford Oay and the Gault Oay. The f(,rm.atit.."'n en,erges fn,n, 
a h."lUJda- day oo,lc!f at ,vares1ey and e.�tends for eight kilon,etres 
S011Ul-WCSTI\'afds to Sandy "\\'here it ends abruptly in a river cliff fom100 
b-v the tru1s,� Rh"Cf h'CI. Apprt fntll\ minc-r undulation.. and a --nu\11 
� at P(\nun. the surf3tt C\f the plateau i:: featureless and waterle: . 
A soc-tion uf the formation at San(h, sho":: that the n1.aterial i "urrent 
Nddcd. �th irregularly distnllured fine streak C\f clay a, described in th� 
Sandringham Sand-5' 3 Jbe material is \"\"takly re.ntented exrept where tf\�n­
rich solulK'ns pn.�uoed a "SeC\.._ndary ce:nl.elltati\1n. fom1in.g hard. 
fem.t_"llk"')US masses C'f carstc.."\n.!... Annual n1ean rainfall on the Greensand 
in eaqem Bedfordshire is 57 rentim!tres. A sun1n1�· '-"'f the a�ri"ulturnl 
de'\dt.""PfDCllt of the area is given by Be.a,ingtt"'n.-4 

itETHODS OF Snioy 
TIie panide sizr definitions are a�""'Ording h."1 the lnternatiC'nat 

C1assifica:tion (c:.."\US'e sand O<:! to .2 millimetres... fine sand 0·0- h"' 0·1 
millimetres.. silt O·oo:! to 0-01 nuilimet::res.. cla,, under O·oo:? m.illimet�). 
Tiie textural types. and the temts ""variant' and 'p��\ �ne tht"\..� defined 
in the Fldti H� (){'the Soil Sun�,, ofGttat Bnuun.� For the purp(\�"e 
d smfaoe rexnuc the layer O to � oentimetres is considered. The ;.._ ... n 
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survey was carried out by means of soil-pit inspection, field assessment, 
and 110 mechanical analyses (0 to 20 centimetres), the texture type 
boundaries being determined by this work. Mechanical analysis was based 
on the method of Bouyoucos. 6

SOIL DESCRIPTION 

Early work on these soils was carried out by Rigg, who divided them 
into 'dark sands' and 'brown sands', though the distinction is not clear 
in the field today .7 Recently, King, in a reconnaissance survey of the soils 
of the one-inch Ordnance Survey sheet 146,8 classifies the soils on the 
Lower Greensand at Sandy, and over much of this formation in 
Bedfordshire, as brown earths of low-base status. They are designated 
Cottenham Association, after the series named by Hodge and Seale on 
the Lower Greensand around Cottenham and on the Haddenham Ridge, 
in Cambridgeshire.9 No analytical data are included for these soils in the 
Sandy area. 

The surface horizons of the soils developed on the Lower Greensand 
in eastern Bedfordshire were found to be friable, weakly structured, 
generally dark greyish-brown sands, loamy sands and sandy loams, 
overlying deep, brown sub-soils of loamy sand to sandy loam. Carstone 
fragments (over two centimetres) occur in most profiles and vary 
considerably in amount and size from place to place. Frequently they are 
rough slabs up to about 15 centimetres long, though some are much 
larger, and boulders of one metre are found occasionally. All soils are 
leached, acid and highly permeable, draining to a water table at 
considerable depth. Profile 1 is typical of cultivated soil. 

PROFILE 1 

Ap O to 25 centimetres Dark greyish brown friable coarse loamy sand 
with some bleached sand grains and a few small 
carstone fragments, very weak crumb structure; 
clear boundary 

(B) 25 to 73 centimetres Brown friable loamy sand containing small 
carstone fragments; very weak sub-angular 
blocky structure; a few fine roots; cx:casional 
worm channels; grading to strong brown loamy 
sand, weakly cemented 

A part from bleached sand grains, there is little evidence of podzolisation, 
even under old conifer or heath. In a few places, however, in both 
communities there is a weakly bleached layer under the litter and top 
mineral horizons, but there is no visual evidence of iron illuviation 
beneath.1° Profile 2 is typical of a heathland site at Sandy. 

L 

F/H 

A O to 15 centimetres 

B 15 to 75 centimetres+ 

PROFILE 2 

Litter, mainly Erica vulgaris up to 1 centimetre 
thick 

Very dark grey mor humus with some bleached 
sand grains, up to 1 centimetre thick 

Dark grey structureless sand with numerous 
bleached grains; many fibrous roots; no 
earthworms; merging boundary 
Strong brown sand, weakly cemented in lower 
profile; fragments of cars tone 

316 



Particle 1/ze dutrlhutlon of the mrface soil In eastern Bedfordshire 

f urthu variati<1nt characterise these IOils. A variant with much broken 
cantone, 1a that surface and tub-toil are impenetrable to the auger, occurs 
widely <Wer Sandy Heath, There wa evidence that this materiaJ seriously 
impeded root development of 1maJf trees planted in one of these areas. 11

Another variant, a deep sand with very few carstone fragmenti, occurs 
in placn, Two distinctive plwes occur on the slopes bounding the 
Greemand; a yeJJowis�brown truncated soil is found on the steep eroding 
upper �,�, whiltt a dttp A horizon occurs at the bas;e of these slopes, 
Both phases are comidered below in relation to textural differences. 
Finally, a brown loamy sand to wuly Joam containing gravel and small 
ttonet of non.cantone material occurs over an area of 0-2 square 
kilometres on Sandy Heath (Figure 2; 205492'). This layer overlies nonnal 
tub-toil material. 

Stm, ACE Taro.ae 
Mechanical anaJy1i• results of the J 10 samples are summarised in 

Table J, The mean of 91 samples from cultivated land and the mean of 
I 9 tamples from uncultivated iand are shown, whilst an exampJe from the 
tandi�t soils and another from the Jeait..sandy soils show a range of �tare 
through three types: sand, Joamy sand and sandy JoaJtL Coarse sand 
dominates aJJ �Is and ranges from 56 to 90 per cent. Fine sand ranges 
from •i� to 22 per cent, silt from two to J 7 per cent, and clay from two 
to 13 • 5 per cent, Invariably, as the j()jls become sandier they aJso become 
more and more dominated by coarse sand, with Jess clay and silt, and less 
tine .and. also. Moisture content is very low and varies with clay content. 
Smit with over eight per cent clay averaged 1 , 4 per cent moisture, whilst 
wilt with under five per cent clay averaged 0· 9 per cent moisture; mean 
mm.ture content for aJJ samples is 1 - J per cent, 

TABUl 

T""6fe, mmttu,e and acidity cf an tamplet and for the two extreme ends of the� 

Sample 

� , , 

(meanJ ; , , , 

� , , 

,,,.,., , , ; , 

£xlre11141, 1a111ple no, 
116 ,, ,, 
J7'1 , , ; , 

Coarse Fine 
lfJnd laltd 

per cent pucent 

6'J·5 14·1 

(±6,Z) (±3·9) 

16·5 H ,; 
(±4-6} (±2•1J 

90, J 6·2 
61-, 11 •5 

Sllt Clll)' Moisture pH 
per cent percent per cent 

9·8 6·2 1·1 6·2 
(±2·8') (±2·1) 

7·6 4·7 1·1 4·S 
(±2'9) (±1'5J 

1 ·5 2·2 0·8 4·25 
14·0 13-5 1 ·6 S·S 

Fiptte 1 illuttratn the particle tize distribution of the 110 samples in 
relatum to the three tnture trpe, with loamy sand the major one. 
Pipre Z thaw• the w.ture diltnbution for the area of detailed survey, 
� with the clay and total ,and percentages of the samples recorded 
at the ttta where they were taken. Loamy sand occupies 78 per cent of 
the turf au, Mn4 J 7 per cent, and tandy Joam five per cent, 
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FIGURE 1 

70 

Particle size distribution of 110 samples shown on part of the Whitney Diagram 

Six factors contribute to the variations in surface texture: parent 
material, glaciation, stream action, rainwash on slopes, wind erosion and 
marling. 

A quarry exposure in the Lower Greensand reveals the fine streaks of 
clay in varying concentrations, and also the presence of clay particles 
between the sand grains. Two samples taken randomly from the quarry 
face, three to six metres below the surf ace, had clay contents of 4 • 5 and 
7 • 0 per cent, whilst a third samp]e, from which clay streaks were excluded, 
had only 3 • 0 per cent clay. Exposures also show the irregular masses of 
carstone. Thus some of the variation in the distribution of clay in the 
surface soil, and the uneven distribution of the cars tone fragments, are 
related to the parent material. 

91aciati_on may have left a legacy on this area. In place� the surface 
s�tl contains mote clay than was found in the parent material. The area
with grave_l and small Stones (under five centimetres in diameter) at the
surface (Figure 2; 205492) has an average clay content of 8 • � p�r cent
(± l • 11 ). A number of these stones were identified as Tnass1c aod
Jurassic material, which c_ould be derived either from the Lower Greensand
or fro� �oulder clay. Heavy. mineral analysis of samples from t�e par�nt
material 1n the quarry and from three variants of surface soil, 1ncludmg
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/Jc1rtldt1 N/%ti tl/Nlff/,u//()11 of the Nurj'u,·e Koll In eaNlern BedfordHhlre 

. ,,, I

. ,Ot 

� llcrndy ['.f'1. Lnof'1'1y
.�� ltlrld 

J1JUU1ttt 2 
Hurru�a toxl u1·0 ,111tlrlhuU011 I'm· a 1ttt1t1plc.1 01·"11 of the Low"r Orccn•and at Sandy 
(lotttl ,mnd n1H1 1Jltty rnu:llonH uro 81rnwn l'or ctu:h 1u1mplc, at the .ill" where lukcn) 

the, nmlol'lul t:onlttlnJng Trhu,�hJ u1HJ Juru1odc f,·ugmcnts, showed t$Omc 
vtt.rltlllon In <.iont.:c.mtrullon, 1,urth:ulurly Jn rcNp�(.:t of the parent 1nuterJuJ • 
lllld Nlll'f,,�o NOii NtllUf')ON rrublo JI), However, lhc hcuvy mineral 
nNNomhln11c,i. tU'O wlntllttr� wHh ubuntlunt Mluurolltc untl kyunhe, und ,mwJJ 
umountM or iJrc.,on, hr,>okHo und olhcrN, J11dl�uU11g that lhc ttwtcJ'iuJ wuH 
,h,rlvod f'rotn lht, l.,owcr Orccm1mnd, und lhul no ur,pr<!ciublc lunountH of 
MIU�Jnl drlfl uro 1wo�ont, Jnoroovt,r, there urc no dh,tJn�tivc mln"ralH thut 
uould tH>l huvo 1,oon l101•fvc,d J'ro1n lho Lt>wcr Orccnimnd. H J• likely thut 
lho wholo 1,htlot\u hnd n boulder c:luy clcpo1dt, but thJN JN now removed. 
rrho mntorJul with lho i"rhtHlu und JuruNNlc f'rusn1t,1H11, und more tiny, IH

Jwnhnhly n WttNh do1,0Nlt 1,rodu�od ul lho end of' Lhc BlucJuJ perJmJ, un<l 
nrny uonttth1 Nnu,ll mnnunlN or 111und und clny fh,m houkl"r cluy, u• well 
nt1 Mnmo orrntlo MlnnoN nnd 1;1ruvcl. 
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Sample 

lM 

2M 

3M 

4M 

East Midland Geographer 

TABLE II 

Heavy mineral concentrations in soils and parent materials 

Soil 

Sandy loam with gravel and small 
stones (non-carstone) 

Parent material 

Loamy sand 
carstone 

Deep sand 

. . 

with 
. . 

. . 

. . 

. . 

much 
. . 

. .

. .

. .

broken 
. .

. . 

Number of 
heavy minerals 

Depth of ( per 10 grammes 
sampling of soil) 

0 to 20 12 
centimetres 

5 metres 2 

0 to 20 16 
centimetres 

0 to 20 11 
centimetres 

Surface water is absent from the plateau, but there is one well-developed 
dry valley (Figure 2; 180488). Soil from the floor of this valley (sample 92) 
showed a marked decrease in coarse sand and increases in fine sand and 
silt, compared with the average values for the Green sand plateau (Table III). 
However, the effects of f ormer streams in assorting material on their valley 
floors is difficult to separate from the effects of rainwash and other 
processes, considered below. 

Rainwash and gravity processes have produced a continuous texture 
gradient on the slopes of the plateau, so that downslope the sand fractions 
become progressively smaller and the silt and clay higher, to the extent 
shown by the data for two slopes in Table IV. The distance from top to 
bottom of these slopes is about 250 metres. 

92 . . 

Sample 

. . . .

TABLE ill 

Soil texture in valley floor 
(values in percentages) 

Coarse sand Fine sand 

46·0 26·4 

Silt 

21·3 
Mean values of all samples .. 69·5 14·7 9·8 

Slope A 

Slope B 

TABLE IV 

Texture differences between top and bottom of slopes 
(values in percentages) 

Sample Coarse sand Fine sand Silt 

110 top . . 84·6 7·3 5·5 
111 bottom . . 65·7 15·5 8·5 

20 top . . 81·6 10·6 4·0 
117 bottom . . 76·2 11 ·8 6·5 

320 

Clay 

6·0 
6·2 

Clay 

3·0 
9·0 

5·0 
6·5 
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TABLE II 

Heavy mineral concentrations in soils and parent materials 

Number of 

Depth of 
heavy minerals 

(per 10 grammes 
Sample Soil sampling of soil) 

lM Sandy loam with gravel and small 
stones (non-carstone) 0 to 20 12 

centimetres 

2M Parent material . . 5 metres 2 

3M Loamy sand with much broken 
carstone 0 to 20 16 

centimetres 

4M Deep sand 0 to 20 11 
centimetres 

Surface water is absent from the plateau, but there is one well-developed 
dry valley (Figure 2; 180488). Soil from the floor of this valley (sample 92) 
showed a marked decrease in coarse sand and increases in fine sand and 
silt, compared with the average values for the Greensand plateau (Table III). 
However, the effects of former streams in assorting material on their valley 
floors is difficult to separate from the effects of rainwash and other 
processes, considered below. 

Rainwash and gravity processes have produced a continuous texture 
gradient on the slopes of the plateau, so that downslope the sand fractions 
become progressively smaller and the silt and clay higher, to the extent 
shown by the data for two slopes in Table IV. The distance from top to 
bottom of these slopes is about 250 metres. 

TABLE III 

Soil texture in valley floor 
(values in percentages) 

Sample Coarse sand Fine sand 

92 46·0 26·4 
Mean values of all samples . . 69 • 5 14 • 7 

TABLE IV 

Silt 

21·3 
9·8 

Texture differences between top and bottom of slopes 
(values in percentages) 

Sample Coarse sand Fine sand Silt 

Slope A 110 top 84·6 7·3 5·5 

111 bottom 65·7 15·5 8·5 

Slope B 20 top 81·6 10·6 4·0 

117 bottom 76·2 11 ·8 6·5 
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Clay 

6·0 
6·2 

Clay 

3·0 
9·0 

5·0 

6·5 



Particle size distribution of the surface soil in eastern Bedfordshire 

Silt and clay fractions are particularly low on the upper, eroding sections 
of slopes (Table IV). There is, however, no evidence to suggest that 
cultivation operations accelerate these processes (Table V). 

Cultivated . .

Uncultivated . .

TABLE V 

Mean texture values for upper slopes 
(values in percentages) 

Coarse sand Fine sand Silt 

83·4{±1·3) 8·57 (±1 ·4) 4·5 (±0·7) 
83·5 (±4·5) 8·02 (±1 ·5) 4·7 (±2·3) 

Clay 

4·4 (±0·8) 
3·8(±1·4) 

Often in spring clouds of soil particles are carried across the plateau 
and sand spirals are formed. The much larger number of heavy minerals 
found in the surface soil than in the parent rock sample in the quarry 
might be investigated further in relation to the effects of wind erosion. 

Soil in the sandy loam class, with clay contents as high as 13 • 5 per cent, 
was found in two fields near the Oxford Clay lowland (Figure 2; 198498). 
Corroborated evidence shows that at least one of these fields had received 
cart-loads of clay in the 1870s.12 In Table VI samples 48, I 55 and 170 
are from the marled land, whilst sample 49 is from adjacent land, which 
was unmarled because it was under conifer plantation in the latter half 
of the 19th century. Thus after about 100 years, much of this added c1ay 
is still present in the surface soil. 

Sample 

48 . .

155 . .

170 . .

49 (unmarled) 

TABLE VI 

Texture of marled land 
(values in percentages) 

Coarse sand Fine sand 

63·6 15·7 
62·2 14·5 
61 ·6 11 ·5 
67·0 17·2 

S
i

lt Clay 

10·5 11 ·0 
14·0 9·5 
14·0 15·5 
10·0 6·0 

The parent rock broadly sets the limits of surface soil texture in this area. 
Stream action, rainwash and marling have had strictly localised, but easily 
demonstrable, effects. Wind, glacial activity and parent material have 
operated generally, and the extent of their effects is more difficult to assess. 
It seems, however, that combinations of these six factors would largely 
explain variations in the texture of the surface horizons, not only on the 
Lower Green sand widely, but over other sand lands also. 

NOTES 
1 F. F. KAY, A soil survey of the strawberry district of south Hampshire (University 

of Reading Department of Agricultural Chemistry, 1939).
2 F. BEAVINGTON Market gardening in central and eastern Bedfordshire, Unpublished

Ph.D. thesis (Uiiiversity of Londo� 1961), where full details of analytical methods 
and analytical results may be found. 

3 C. P. CHA1WIN, British Regional Geology: East Anglia and adjoining areas, 4th
edition (H.M.S.O., 1961).
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4 F. BEAVINGTON, The trend to more extensive market gardening in Bedfordshire 
Trans. Inst. Br. Geogr. 33 (1963) 89-100. 

' 

5 SOIL SURVEY STAFF, Field Handbook (Soil Survey of Great Britain). 

6 G. J. BouYoucos, A recalibration of the Bouyoucos hydrometer method for the 
mechanical analysis of soils, Agron. J. 43 (1951) 434-438. 

7 T. RIGG, The soils and crops of the market garden district of Biggleswade, J. Agric. 
Sci. 7 (1916) 385-431. 

8 D. W. KING, Soils of the Luton and Bedford district, a reconnaissance survey, Special 
Survey No. 1 of the Soil Survey of England and Wales (1969). King defines silt 
and fine sand according to the American classification of particle size, but since 
coarse sand dominates the Lower Greensand material, texture classes from both 
classifications are deemed to be approximately comparable as far as these soils are 
concerned. 

9 C. A. H. HODGE and R. S. SEALE, The soils of the district around Cambridge, 
Mem. Soil Surv. Gt Br. (1966). 

10 Podzolisation is better developed on the Lower Greensand at a higher altitude and 
under a higher mean rainfall at Woburn on the Bedfordshire-Buckinghamshire 
border. 

11 F. BEAVINGTON and S. V. Aou, Studies on the effects of restricted rooting depth 
on the production of grass and Scots pine, Can. J. Soil Sci. 51, no. 1 (1971) 127-128. 

12 F. BEAVINOTON, op. cit. (1961) 216-217. 
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