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Ttc Solls of Wobutr Experimeotal farm

I. Grc lfil, Rord Plece eud Butt CIme

J. A. CATT, D. W. KING atrd A. H. WEIR

Inhoducihn

Woburn Experimental Farm was founded in 1876 by the ninth Duke of Bedford and the
Royal Ae4cultural Society with thrce rnein elj6pf,iy6s; (a) to evaluate the soil improve-
ments made by tenant farmers so that they could be adequately compensated on l&ving,
(b) to duplicate on a light soil the continuous wheat and barley experiments lawes ha;L
begun earlier at Rothamsted, and (c) to investigate the value of green manuring. Most
of the farm is north of Woburn in the parish of Husborne Crawlen and, in terms;f solid
or bedrock geology, lies across the junction of the Lower Greensand (Cretaceous) and
the_ Upper Jurassic clays @rincipally the Oxford Clay). The variability of the soils on
such texturally diverse deposits soon caused difrculties with the experiments, and Stack-
yard Field, which is nearer Woburn town and well within the Low; Greensand country,
was added to the farm and became the main experimental field. However, even here some
features of the continuous wheat and barley experimental results could only be explained
in terms of inherent soil heterogsneity producing 'fertility gradients' across the field
(Cochran, 1936, pp. 159-161). Crowther (1930 summarised early analytical work on
some of the soils, mainly from Stackyard, and described a profili near Stackyard, but
subsequently there has been little attention pa.id to the morphology, composition, origin
and variability of the soils on the farm. The adoption since tgZO ot tne modern experi-
mental designs developed by Fisher and others has perhaps lessened the necessity for
studies of this type in helping to interpret expefimental results, but much value remaius
in kaowing the .detailed composition and variation of the soils on which experimeots
arc laid out, and the natural processes by which they are changed in both the long and
short terms.

King (1969) described the soils of the Ordnance Survey 7th editiotr Sheet 147 @edford
and Luton), which includes the farm, but this account is too generalised to help with
experimental layout aod interpretation. In this paper we begin a much more ditailed
account of the farm soils with descriptions of those occupying the fields immediately
no1! of th9 road (A418) between thc villages of Husborne Crawley and Ridgmoni.
Table I and Fig. I give the names atrd areras of the fields involved.

TAELE 1

lreos of the fields of Wobum Experimental Farm described in this paper

ha
1.35
1.,O
1.52
2.98

1.87

,3

Honcy Pot
Gr€at Hi[ Bottom I
creat Hill Bottom II
Great Hill I
Gr€at Hill II ')
creat HiX III IRoadPi@ I

Butt clo6e -
Butt Furlong
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Topognphy

Fig. 2 shows the surface topography of the fields by contours at metre int€rvals, which
were drawn from heights surveyed on a 2Gm grid with an optical level. The highest
point (>l1l m above ordnance datum) is near the south-east corner of Great HiU lI.
A shallow sadtlle separates this from the isolated summit of Great Hill (>110m O'D.)
to the north-west, which is fanked by relatively ste€p slopes (up to 12') to the north-east
and south-west, but is elongated into a more gentle convex slope to the north-west. The
steeper slopes form the sides of dry valleys, which cut back south-eastwards into the
Lower Greensand escarpment and are tributary to lhe Crawley Brook, a stream rising
south-west of Wobum and joining the River Ouzel near Newport Pagnelt. The lower
part of the valley north-east of Grcat Hill is fed by intermittent springs rising from the
base of the Lower Greensand, and the water is carried in a ditch dug between Honey
Pot Field to the north-east aod Great Hill I and Great Hill Bottom I to the south-west.
The dry valley south-west of Great Hill runs steePly down to 93 m O.D. where it cuts
the surface of the Upper Jurassic cLays underlying the I-ower Greensand, but then broadens
and diverges into two valleys running either side ofthe small isolated hill in Butt Furlong.
The branch running north-east of this hitl (Plate 1) is soon lost in the disturbed ground at
the south-western end of Great Hill Bottom II adiacent to the flooded clay pit and old
brickworks opposite the farm buildings. The other branch swings in an arc round the

opposite (wesiern) side of the hill, and crosses the lane to Ridp.ont Station at a height
oiipproximately 87 m O.D. The lowest parts of Great Hill Bottom I and tr and of
Honey Pot are sligltly lower at approximately 86 m O.D. beside the ditch that separat€s

these fields from Broad Mead Field. Further west towards Husbome Crawley village, the
surfacc of Butt Close slopes very gently northwards away from the main road (A418),
but the slight curvaturc of the contour lines shows that this surface is dissected by at least

two cxtremely shallow, northward-trending valleys.

Bedroch geologr

Deep augering on the lower flanks of Great Hill and on Road Piece showed that the
surfice oi the clay beneath the Lower Greensand is slightly irregular under Great Hill I
and III and Great Hill Bottom II, where it is mainly at 9l-94 m O.D. and locally up to
96 m, but slopes down stceply to the south or south-west under Butt Close and the
southern part of Road Piece. As a result the soils of Butt Close, Butt Furlong and the
southern parts of Road Piece are scarcely atrected by the Jurassic clay, even though they
are lower relative to O.D. than some of the clayey soils in fields to the north+ast, such
as Great Hill Bottom. Our local evidence for the south or south-westErly dip of the
Jurassic clay surface beneath the Lower Greensand agrees with Bristow's suggestion
(1963), based on well and borehole records over a much largpr arca, that ths Lowet
Greensand fills a steepsided trough in the Jurassic beds pitching down from north-west
to south-east beneath Woburn.

The Jurassic strata of the English midlands were folded and partly removed by erosion
before the Lower Greensand was deposited in the Cretaceous period, so that the Green-
sand rests on various members of the Jurassic succession. South of Leighton Buzzard
the highest Jurassic beds are present (Kimmeridgian, Portlandian and Purbeckian)' but
these are absent around Woburn, and the Lower Greensand rests on the Odord Clay,
often with a relatively thin (0-20 m) development of the Ampthill Clay between them.
Much of this is indistinguishable in the field from the upPer parts of the Oxford Clay,
and without the evidence provided by the diagrostic but rather rare fossil ammonitcs,
it is difficult to be certain which clay underlies the Lower Greensand at any given locality.
The commonest macrofossil in the clay at the farm is the largc bowl-shaped lamellibranch
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SOILS OF WOBURN FARM. I

9lyphaea dilatata, athich occus thrcughout most of thc Upper Jurassic sequencc.
However, a sample of clay from 1,88-2.26 m dcpth in a core 6ken from Road piece
(Appendlx A, profile 4) was found to contain mi&ofossils (foraminifera, ostracoda and
holothurian spicules) characteristic of the cautis lgrae and upper pi'calilr zones of the
Ampthill clay facies of rhe Upper oxfordian stage. These wire ex-tracted and identified
by Dr, R., C. Whatley of the Geology Department, University College of Wales,
Aberystwyth, whose micropalaeontological report is given in AppendiiB. Evidence
from the same core and from augering in Honey pot ind other fiiids showed that the
clay is extremely calcareous, at least in the uppeiparts just below the Lower Greensand,
and contains soft light-grey muddy limestonei The shallow pits on Honey pot and somi
oller 

-pa1s 
of the farm were probably dug for the extraction of agriculiural lime from

these beds.

. Although^ the clay immediately beneath the Lower Greensand is Ampthill Clay, thc.licknes-s 
of this and the depth to oxford clay are unknown. However, itre suusoit'ctay

obtained from a core taken on Great Hill Boitom II (Appendix e, profite 5) is minerJ-
logically different-from the Ampthill Clay of Road pieci isee p. Zi), Uut aoes resemtti
sam^qles_of Oxford Clay from near Thame and elsewhere studied previously. Ifthe clay in
profile 5 is Oxford CIay, then ttre Ampthin CIay bctween it ana the Lower Greensand
under Great Hill cannot be more than approximately 4 m thick.
. fne Inw_er Q _reensand is composed of yellow and brown sands, which are irregularty
iron-stained and locally cemented into ironstone (or 'carstone') bands. At Great nricm i,
Potton and other isolated localities, the lowest layers contain'brown phosphatic noduli
(Keeping, 1883), but there is fittle evidence for these on the farm. Well'borings at Wobum
atrd Potsgrove (Woodward & Thompson, 1909) showed that locally the-base is also
green, presumably through the abundance of glauconite in the sand, but again this is
not especially true on the farm, although glauconite does occur in smal amounts
throughout the sands. Thin bands ofclan usually <3 cm thick and light gey, are fairly
commo-n, eryrcially in lower parts of the Greensand, and loca[y expand to lorm lenticulai
beds- of Fullers' Earth up to 3 m thick (Cameron, 1894; Newton, 1937). Thick Fullers'
Earth_ layers occur nearby at Woburn Sands and Aspley Guise, but do not seem to
extend into the area under discussion. Sma[ pebbles, inging in size from 2 mm to
several centimetres across are fairly commel ln the sands;- thiy are mainly of quartz
and quartzite, but a few are of a hard black rock often with tlin cross-cutring veins.
A rhin section @ate 2) cut from one such pebble showed it to be a quartz_sclorfit+.
hornfels, a metamorphic rock produced by boron metasomatism within the aureole of
one,of the granite masses of south-west England (Reid, Barrow & Dewey, 1910, p. 74;
Reid er aL, 1912, p. 48; Edmonds et al., 1968, p. 128); this suggests that the Lower
Greensand of the Woburn area was derived at least parily from t[i west.

Superficid deposits

The main superficial dcposit of the Woburn arca is the Chalky Boulder Clay, which was
deposited over the whole area at.least as far south as I*ighton nurraid, prot"Uiy
during the 4nglian Glaciation (Bristow & Cox, 1973; penii, Davies A nj,sil, fSZJj.
Remnants of a once continuous cover of this deposit oocur on parts of the fai-, iut oot
in a recognisable_form on any of the fields listed in Table l. However, the possibility
that material derived from weathercd chalky Boulder clay has been incorporatcd in
some of the soils cannot be ignored.

The j lnction between the Ampthill Clay and Lower Grecnsand on thc northern and
western flanks of Great Hill is obscurrd by a rather heterogeneous, slightly stony deposit
of mottlcd saody clay loam, sandy clay or clay toam. fre stones are small carstone

9
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SOILS OF WOBURN FARM. I
fragments_ and pcbbles derivcd from the Irwer Grecnsand and thc clay component is
presumably derived from the Ampthill Clay. Deep augering along transects iown the
northern side of the hill showed that this deposit tUcteni rapiily uphill beneath a
colluvial accumulation ofsand washed down from the higher slopes, bui ends suddcnly
when it rcaches a thickness of approdmately 6 m. The iurfu"e of i}e underlying clay
locally slopes southwards, in the reverse dirition to the gound surfaoe, suggdtin! ah;t
the clay_ has b€en squeezcd outwards and upwards at the-edge of the Loweicreeniand.
|h" t{qlg of clay substrata into vall€y sides and the lJwer slopes of 

"r""rp-""r.bencath-thick cappings of porous sediment is most likely to occur ia fairly cold'conai-
tions, when the weight of overburden is increased by accumulation of frozcn ground-*api 

-thc 
heterogeneous mixture (Head) of I-ower Greensand and Amprhill C%y *r"

probably ejectcd at the saDle time by watet flowing out under pressuie bctween the
impervious clay_and permafrost layers It seems that Ihe Head depisit may have formcdi: a.cold_period o{ the late Quaternary, s9p9 !rt!e after rhe deiositio, i,f tn" Cndti
Boulder Clay, as the land surface with which it is associatcd ii closely reratea to tnl
prcs€nt one and must have already lost its bould€r clay cover when the Head was
deposited.

The sandy colluvium covering thc Head on the northern sidc of Great Hill ir about
I'2 m thick at madmum, and thins dswnslsp€, merging into gleyed sandy loams dircctly
overlying Ampthill Clay near the floor of the dry valley to the irortn-east, and also in i
strip running across the lower parts of Great Hill I aid thence either side of the fcnce
between that field and Great Hill Bottom. on lower parts of Great H I Bottom I a thin
representativc of the Head lies between the clay at about I m dcpth and a surface dqmsi!
about ,lO cm thi- ck, of gleyed sandy clay loam or sandy loam. The Head wcdges out ;t th;
w€stcrn end of cr€at Hill, and the valley crossing Road piece to the south-iest contains
only gleyed.colluvial dcposits, which are up to i.5 m thict, over Ampthill Clay. Fig. 1
shows the distribution of thesc superficial dcposits, and Fig. 3 tneir reiationsnij to s;tia
geology as traced by augering in transects down the northlrn slope of Great HilL

Soils: rlbtrlbodon end proftle norphologr
The distribution of different soil typ€s was determined by augering to a dq*h of I m at
c.loscly spaced intervats, ana tne aJtalteo morptotogicar ieattiresG proni rep.e"entint
the nain soil series were examined in cores ixtracted at selected sites witl tie prolini
corer. The cores also provided samples for analytical work. Fig. 2 shows the distribution
of soil types, and descriptions of the rcpresentative profiles are givcn h Appendix A.

Welldrained soib on the Lower Grecmnd. Thesc comprise two main types: thc
Cottcnham series Qlodge & Seale, 1966, pp. 80-82), a Brown Saad on Lower Gieensand
rn rr?L or 9n colluvium derired largely from Lower Greensand; and the Stackyard series,
a Brown Earth in superficial d€posits of somewhat fincr texture but variabli thickncss.
The distinction between these two series is often difrcult in the field, 6s 1[6 6qttgnhem
profiles arc rarely.completely frce of the loamy material that charact€ris€s the stactyarJ
series, and therc is an almost continuous gradation from one series to the other. 

-The

separation shown in Fig- 2 is based on a topsoil textural distinction between loamy sand
(Cotten-ham 

-segtes) 
aqd sandy loam (Stackyard series) as determined by laboratory

estimatio-n of si! (2-63 pm) and clay (<2 pm) in surface soil samples takin on a 2Gm
grid on Butt Close and a rl&m grid elsewhere. On rhis basis, tie Cottenham series(2^\ ,by 7, * silt I 4 30) oocurs on either almost flat sites @Jtt Close and the summit
of Great Hi[) or crodcd sit€s on thc stce? slop€s aanking breat Hill; the Stackyard

II
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SOILS OF WOBURN FARM. I

sefies (2 x clay I * silt I -=- 
30) occurs mainly in valley head- sites, even where thesc

are .o ihullo."'u. io be scarcely recognisable without the help of detailed leYelling'

The loamy deposit veneering the Lbwer Greensand seems to be variable in origin' The

small angulir flint fragments, which are fairly common in the.Stackyard profiles and

rarer in ihe Cotrcnham, suggest that some of the deposit is derived from weathered

Chalky Boulder CIay, which contains flint, but as the silt/clay ratio is more variable than

in typical Chalky Boulder Clay (see Table 2 and also Pemin et al., 1973)' other sources

may also be involved. In partiiular the small silt/clay ratios of surface soil samples from
thieastern side of the small knoll in Butt Furlong could be rclated to a clay layer or
layers within the Lower Greensand, approximately 5 m above its base. A short strip of
Stackyard series, only 2-3 m wide and too small to show in Fig. 2, was also found on the

south-western side o-f the same knoll when differcntial gowth of barley was noticed in
late June and early Jttly 1972. A narrow band, in which tbe crop was approximately
tlo cm high (almoit twice that on either side) and darker green, extended round the

hillside pirallel to the contour, and was associated with soil that was much more clayey

to 90-1i0 cm depth than on either sidq and considerably wetter and sfickier below about

65 cm depth. The height and horizontal disposition of this strip- would a$ee with thc

outcrop of a clay stratum trear the base of the Lower Greensand beneath this knoll'
Both the Cottenham and the Stackyard series are non-calcareous throughout and well'

drained, though the heavier textured horizons especially in some-Stackyard profiles are

a little greyeiand probably slightly less well drained, as noticed- in the subsoil of the

strip soith-west of it e tnoil. The fine to medium subangular blockf structure is slightly

betier dweloped in the Stackyard than in the Cottenham soils, but the transition at depth

to uodisturH Lower Greensand is usually marked in both by a complete loss of struc-

ture. In Cottenham profile I (Appendix A) the soil is slightly acid (pH 6{) at the surface

and neutral at depth, but the pH values (4'3-5'9) under old grassland in White Horse

Field, measured shortly after it was taken over in 1963, suggest that more acid conditions

would prevail in natural situations.

Imperfecfly drained mils in colluvlm. These soils, grouped. with the Flitwick series,

occur in iwo O?es of site: on the floors of dry valleys, mainly where these have cut

through the Lowir Greensand into the Ampthill Clay (Plarc 3), and-on the northern flank
of Giat Hill, where 90-120 cm of sandy colluvium covers the Head formed at the Lower

Greensand/Ampthill Clay junction (Fig. 3). The slight gleying in these soils is caused by

the impervious-nature oi ihe underlying clay or Head, which may be as close to the

surface as 80-90 cm, but is usually somewhat deeper. The colluvium in which the higher

horizons arc developed is similar in texture and stone content to the superficial d€posit

in many of the Stackyard soils on the adjacent lower valley sides- and valley heads, but
the subsoil horizons immediately over the Ampthill Clay are often heavier and more

stony. There is otherwise a lack of stratification and sorting throughout the deposit,

whici suggests that it is not alluvial and probably postdates by a considerable time the

Deriod of str€am-flow responsible for cutting the valleys.' The loamy surface and sub-surface horizons are non-calcareous and have a weakly

developed fine or medium subangular blocky structurc, but the cl-aysubsoil is calcareous,

often ftth many secondary carbonate concretions, and has a welldeveloped medium or
coarse prismatit stmcture. Mottling usually oc.urs to within 2G-25 cm of the surface,

and bdomes more prominent downwards at least into the higher parts of the clay subsoil'

Pmrly rheinert soils b H€ed rd coltwial dePosits over clay. , Thlse soils, grouped wilh
thc iowsham series (Jarvis, 1973, pp' 8l-84), difler from the Flitwick profiles mainly
in being mottled to the surface, at least under grassland. They occur only on the clay,

t3
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wtrich may be within 90 cm of the surface, and are often slightly fitrer tcrtued at any
given depth than the Flitwick soils. The horizon immediately above the clay in profiles
on Great Hill Bottom is commonly a stony sandy clay, which is probably a Oin, down-
slope continuation of the Head issuing from the Lower Greensand/Ampthill Clay junc-
tion. Horizons above this may be derived from a thin and somewhat finer textured
downslope equivalent of the colluvium mantling the higher slopes.

The surface horizon of profile 5 (Appendix A) is slightly more acid (pH 50) than that
of the Ritwick profile 4 on Road Piece (pH 5.7); both become less acid with depth, and
cvmtually alkaline once the calcareous clay is reached. The fine subangglar blocky
structwe of the Rowsham surface soil is nore strongly developed than that of the
Flitwick; it becomes coaner in sub-surface horizons and, as in the Flitwick profiles,
coarse prismatic within the subsoil clay.

Poorly rnd imperfecdy dreined celcereons soils on chy. Soils with slightly stony clay
loam or sandy clay loam surface horizons occur on the lowef parts of Honey Pot and
Gt€at Hill Bottom II where the clay has little or no oover of superficial deposits. The
surface horizon is usually non-calcareous, but lower horizsm are mottled calcareous clay,
or locally extremely calcareous pale grey to white silt loam, derived from disinrcgra.ting
limestone bands within the clay. The profiles are consequently grou@ with the Evesham
series (Jareis, 1973, pp.72-15).

Fine rusty mottling is common in the fi-nely structured surface horizon, and the sub
surface clay horizons are grcy or olive with fine to medium yellowish brown mottling
appea.ring at depth. Internal draiaage is slow, but the position of the soils on the gentle
lower slopes and the moderatg structure of the lower horizons ensure that s'inter watcr-
logging to within about 30 cm of the surface occus during not more than approximately
three months each year.

Soils: perticle+ize rlistibution

Table 2 shows the particle.size distribution ofsoil samples from profiles I (Cott€nham),
3 (Stackyard), 4 (FlitwicQ and 5 (Rowshem) described in Appendix A, and of un-
weathered Lower Greensand and Chatky Boulder Ctay samples from various decpr
excavations near Woburn. The samples werc decalcified where necessary with acetic
acid butrered at pH 3.8, and treated wirh 12% hydrogen perox.ide to remove organic
matter. The clay (<2 pm) and flve silt fractions Q43 p.m) were determined on 10-15 g
sub.samples by the pip€tte sampling technique after dispersion in dilute (0.11wlv)
sodium hexametaphosphate solution; and five sand fractions (6!2000 pm) were
determined on 150-200 g sub.samples by dry sieving after ultrasonic dispersion.

The particle-size distributions of the Lower Grcensand samples are slightly variable;
some samples contain coarser sand than others, and the clay content ranges from almost
ail to l3%. The seven samples analysed were selected in the field as typical of the sands,
and at some levels in the Lower Greensand the clay content would certainly exceed 13%.
However, the extremely small amounts of silt in any part of the 2-63 pm range seem to
be a characteristic feature of the deposit as a whole. In contrast, the Chalky Boulder
Clay contains moderate amounts of silt as well as ofclay and sand, and this is distributcd
throughout the 2-63 pm range.

In the Cottenham profile (l), the particle-size distribution tbroushout is similrr to that
of the Lower Greensand, with up to approximately 13Y. clay, only very small amounts
of silt, and most of the sand in the 12!-500 pm range. The C horizon of the Stackyard
profile (3) is similar, but the A and B horizons are in the sandy loam textural class becausc
they contain a little more clay than seems usual in the Lower Greensand and also
t4
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Stackyard sDd FliMck soil profiles at Wobum Expcriqeqtal Faro, courpar€d with silt fractioDs ftom
poesible sourcc materials.

15

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-9 pp 13

ROTHAMSTED REPORT FOR 1974, PART 2

sigrificantly more silt. Fig. 4 compares the detailed size distribution of this silt with the
same fraction of deposits likely to have provided it, namety the Chalky Boulder Clay,
the Ampthill Clay, which is fairly silty at least in the core (proflle 4) fr'om Road piece,
and loess or windblown silt, which is common in many ofthe soils ofsouth-east England,
for example many of those at Rothamsted (Avery et al., 1969, 1972). From this thi
Chalky Boulder Clay se€ms the most likely source, as the particle-size distribution curve
for its silt fraction is the one most strongly resembling that for the colluvium forming
the A and B horizons of the Stackyard profile; the cune for the Ampthill Clay declini
consistently through the silt range, and that for loess is typically very strongiy peaked
in the medium to coarse silt, neither of which features are shown by the curvi ior the
colluvium in the Stackyard profrle.

The colluvium in which the A, B and Cg horizons of the Flitwick profile (4) are
developed is similar in its range of particle-size distribution to the coliuvium in the
Stackyard.profile, except that in the silt distribution (Fig. 4) there is a low, broad pcak
in the medium to coarse silt range, which may indicate the incorporation of a litfle loess.
Admixture of loess is also likely in the Cg and BCg horizons (53-104 cm) of the
Rowsham profile (5), which contain fairly large proportions of coarse silt (Table 2).
fhese 1nd the overlying horizons of the Rowsham profile also contain more clay than
the colluvium in the Flitwick and Stackyard profiles, possibly through incorporation of
Amptbill Clay in addition to the fine material washed from the Chalky Boulder Clay
upslope.

Solls: minerelogy

Analyticel methods. The mineralogical composition of the fine sand (6!250 pm) and
coarse silt (1G63 pm) fractions from the main horizons of profiles I (Cotteniam),
3 (Stackyard), 4 (Flitwick) and 5 (Rowsham), and from samples of Lower Greensana
and Chalky Boulder Clay, was determined with a petrological microscope. Both fractions
were separated from decalcified I 50-200 g sub-samples by sieving and repeated sedimenta-
tion in water, and were then subdivided into light and heavy minerals by flotation in
bromoform. (S.G. 2.9). The clay (<2 pm) fractions of these samples were also separated
by settling in water, and were analysed mineralogically by X-ray diffractometry of Ca-
saturated oriented aggregarcs, which were air-dried, heited to 33jand 500"C, or solvated
with ethylene glycol. The relative proportions of kaolinite, illite and expanding minerals
were estimated from their basal reflection intensities by the method of Weir, Ormerod
and El Mansey (in press). Fine clay fractions (<0.O4 pm) werc separated from five of
the samples by centrifugation of dispened sols, after destruction and removal of organic
matter, calcium carbonate and free iron oxides (Kittrick & Hope, 1963); these were
examined by X-ray diffractometry of Ca-saturated orieoted aggregates solvated with
ethylene glycol.

Ftrc srd nineralogy. The fine sand fraAion of the Chalky Boulder Clay ditrers from
that of the Lower Greensand in containing more felspar, flint, €pidote, zoisite, garnet,
amphiboles (hornbleode and trcmolite/actino[te), apatite, collophane, sideriG and
chlorite, but less quartz, glauconite, zircon, tourmaline, staurolite, kyanite and rutile
(fable 3). Felspar, apatite, collophane and chlorite are also common in the fine sand
fractions from the Upper Jurassic clays, for example in the clay subsoil horizons of the
Flitwick and Rowsham profiles (Iable 3), and sideritic nodules also occur in some parts
of these clays in the Midlands. As is grey colour in unweathered form suggests, part of
the Chalky Boulder Clay could therefore have been derived from these clays.

In the Stackyard profile (3), thc fine s:nd fractions from the A and B horizons contain
more felspar, flint, garnet and amphibole than that of thc 2C horizon; this supports thc
t6
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PLATE 3. View of Road Piece and western flank of Great Hill from the south, showing distribution of
.oitlipo-tt r Cottenham, 3: Stackyard,4: Flitwick, 5: Rowsham' 6; Evesham series) and extraction of
pro6.le 4 (Flitwick series).

Soil erosion affecting polato crop, Butt Close, May 1973.
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suggestion, based on particle-size distribution and stone content, that these horizons
contain material derived from Chalky Boulder Clay. Most of the other sand minerals
+t .igh. ] have been incorporated as part of the boulder clay material (apatite, collo_
phane, siderite and cblorite), yet do trot occur in the Stackyard profite, couid trave been
removed by weathering. In the Cottenham profile (l), the amounts oi flint, amphibolc
and gamet are slightly grcater in the highest 38 cm than below, which .rrggests- thut a
trace of boulder clay material occurs to this depth. In the Flitwick ani- Rowsham
profiIes, the fine sand fractions of the loamy horizons derived from colluvium arc
mineralogically similar to those of the upper horizons in the Stackyard profile.

Corlse silt mircrrlogy. The small amounts of coarse silt in the I_ower Grecnsand are

"gqp9.eq 
mainly of quartz, with subsidiary alkali felspar, glauconite and muscovite intle light fraction, and mainly zircon, tourmaline, epidorc, rutile, anatase and chlorite in

the heary fraction (Iable a). The coarse silt of the-Chalky Boulder Clay contains more
f_elspar and muscovite, but less quatz aod grauconite than-that of the Lower Greensand.
siderite dominat€s the notr-opaque minerats of its heavy fraction, but if ttris is removed
(as it would be ty weathering in the soils), the rcmaining non-opaque heavy silt mineral
assemblage of the chdky Boulder Clay contains less zircon, tour.alio", rotil", staurolite
and kyanite ihan that of the I-ower Greensand, but more epidote, zoisiie, garnet,
amphiboles, apatite, chlorite and biotite.
. In the soil profiles the infuence of differetrt parcnt materials is morc clearly portrayd
in the coa$e silt fractions than in the fine sands. In particular, in the Cotteriham and
Stackyard. pro!I9_s the "pward increase in the proportion, oi felspur, flint, epidotg
garnet and amphiboles and concomitant decrease in quartz, zircon, tourmaline ana rutile,
which resrrlt from the supcrficial admixture of marcrial derived from weathered chalky
Boulder Clay, are more evident in the coarse silts (Iable 4) than in the fine sands (Iable 3i.
This is because the proportion of the coarse silt derived fiom boulder clay is coniiaerauiy
greater than the proportion of the fine sand from the same source. fn the Cottenham
profile, 30-J0l of the coa$c silt in tle higtest 53 cm is from the boulder clay, and in
the A and B horizons of the Stackyard profile almost all of it is, but of the finjsands in
the.same horizons probably <5 f is derived from boulder clay in the Cottenham profile,
and <l0l in the Stackyard.

The.higher _horizols (Ap{g) of thrc Flitwick and Rowsham profiles, developed in the
co-llyvi{ 1nd ltead deposits, have silt fractions that are mineraiogicaly simitai to those
of the higher horizons of the Stackyard profile, except that tne/contain more chlorite
and biotite; these two minerals may have been removed from tne Stu"tvard A horizon
by weatherin-g. It is not possible to confrm the occurrcnce of loess even in the Cg horizon
of lhe Rowsham profile from the silt mineralogy, because of the overall miniralogical
similarity between loess and the silt from bouldei clays. The 2cg horizons of the Flitiick
profile and the 2Cgk horizon of the Rowshao, all developed in the upper layers of the
Upper Jurassic clays, contain a little nore zircon and rutill and less ciidote, amphibole
and biotite, but otherwise have somewhat similar silt mineral assemb-lages io thi over-
lyin-g horizons._In these clay horizons, the total percentage of non-opaquJheary minerals
in thc coarsesilt of the-subsoil clay horizons is i0.1, much tess tnan tuat of tue overlying
horizons (Table 4). Taken with the ovemll similarity of the silt mineral assemblages,-thii
su-ggests that the clay itself has few non-opaque heavy silt minerals, and that a s;a[part
of the.coarse s.ilt in_ the_ subsoil clay horizons was derived from the overlying euateria.y
deposits, possibly by deep frost or other disturbance of the clay beneath a ihin 

"oveiof. QuaterDary sediment. Analysis of deepcr clay samples is needed to clarify this
point.

The opaque heavy minerals in both the coarse silt and fine sand fractions of most of
l9
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the soil horizons and of the Lower Greensand comprise mainly haematite and limodtg
with subsidiary magnetite and leucoxene (an opaque microcrystalline aggregate of TiOz).
Much of the limonitc bas been formed in the soils by oxidative weathering of glauconite
from the Lower Greensand and this mineral is consequently more abundant in the better
drained profiles (Cottenham and Stackyaro; otherwise there are no significant variations
in the percentages of these minerals. Pyrites oc.urs in the subsoil clay horizons of the
Ftitwick and Rowsham profiles, but only in small amounts, and the acidity likely to be
generatcd by weathering of this mineral in any of the Woburn soils would be slight,
especially as the clays are very calcareous.

Oay nheralogy. The fine clay fractions (<0'04 pm) separated from samples of Chalky
Boulder Clay, Ampthill Clay (the 2Cg3 horizon of the Flitwick profile 4), the Lower
Greensand and two surface soil horizons (thc Ap horizon of the Flitwick profile 4, and
the ApG) of the Rowsham profile 5) are all composed of randomly interstratified
smectit+illite, but each has different proportions of smectite and illite interlayers. The
proportions, determined froD the positions of their basal reflections (Weir & Rayner,
1974), are: Chalky Boulder Clay smectite : illite 45 : 55, Ampthill Clay 76:24,Lower
Greensand 70 : 3O Rowsham series Ap(g) hoizon 72 : 28, Flitwick series Ap horizon
63 :37.

In the whole clay fractions (<2 rrm), the expanding minerals could be compared with
those described above by the resolution of the fust reflection of the glycol-solvated clays

F,tdtr et al,, in the press), and could be grouped into those resembling the expanding
mineral in the Chalky Boulder Clay, those similar to that in the Ap horizon of the Flitwick
profile, and those like the more completely expanded mineral in the Ampthill Clay and
Lower Greensand. The fnt is referred to as IS type (illite layers predominating over
smectite) and the s€cond as SI (smectite layers more abundant). The third is called S tyPe,

although it is not pure smectite; the Ampth.ill clay mineral contains 3l me/100 g non-
exchangeable potassium, whereas, ideally, a smectite contains none.

In addition to the dominant S type expanding mineral, the small amount of clay
(<2 rrm) in the Lower Greensand contains much illite, little or no kaolinite, and some

free Aon oxide, part of which is crystalline goethite, and in some samples part is lepido-
crocite. The Ampthill Clay also has S q'pe expanding mineral and little or no kaolinite,
but has less illite than the clay fraction of the Lower Greensand and no crystalline iron
oxides. The Chalky Boulder Clay contains much illite and no crystalline hon oxides, but
difers from the clay in the Lower Greensand atrd the Ampthill Clay in containing IS
type expatrding mineral, moderate amounts of kaolinite and a trace of chlorite (Table 5);
this is identical to clay fractions (<2 pm) previously analysed from the Oxford Clay
near Thame and elsewhere.

In the soil clays from profiles l, 3, 4 and 5 the influenc€ ofdifferent soil parent materials
on the mineralogy is seen in the presence or absence of kaolinite and goethite and in the
type of expanding mineral. The clay fraction of all horizons of the Crttenham profile (l)
resembles that of the Lower Grcensand, except that there are small amounts ofkaolinite
in the Ap and Bw horizons; this may be pa.rt of the small amount of material from Chalky
Boulder Clay in these higtrer horizons, but such material has trot detestably modified the
expanding mineral. The clay fractions of the A and B horizons of the Stackyard profile
(3) contain 10% kaolinite, SI type expanding mineral, and goethite, indicating admixture
of clay from Chalky Boulder Clay with that from the Lower Greensand, but the 2C hori-
zon has the sarne clay mineral suite as the Lower Greensand.

The A, B and Cg horizons of the Flitwick profile (4) contain clays that arc minera-
logically similar to those of the A and B horizons of the Stackyard profile, with evidence
of minerals from both the Lower Grecnsand and Chalky Boulder Clay. The lepidoaocite

2l
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in the Cg horizon probably formed, as a result of imperfect drainage, from amorphous
iron oxides derived originally frorn I-ower Greensand.

The clay subsoil horizon (2Cgk) of the Rowsharn profile (5) contains kaolinite and IS
type expanding mineral, and is thus different from the Ampthill Clay in the subsoil
horizons of the Flitwick profile. Itr these respocts it resembles Oxford Clay we have
examined from sites in Buckingharnshire, and Chalky Boulder Clay, which is in turn
derived largely from Orford Clay. However, the subsoil clay of profile 5 is not boulder
clay, as it contains no enatic stones and little or no fine sand and coarse silt minera-
logically akin to that in the boulder clay, so it is probably Oxford Clay. In the overlying
horizons the composition of the clay fractions suggests compler parentage of thc soil
material, as does the sand and silt mineralogy. The occurence ofkaolinite in all horizons
suggests that Chalky Boulder Clay or Oxford Clay material is present throughout the
profile. However, the expanding minerals in all horizons above the clay subsoil (2Cgk)
are ofthe S type, and thercfore derived from the Ampthill Clay and/or Lower Greensand,
and the goethite in the three uppermost horizons is probably derived from the Lower
Greensand. Taken with the evidence from the particle-size distribution and the fine sand
and coarse silt mineralogy, this suggests that the clay in the 2Cg horizon and above is
a mixture of those from Cbalky Boulder Clay and Ampthill CIay, and that clay from
Lower Greensand occurs in at least the three upprmost horizons.

Weathering seems to have had little effect on the clays in the soil profiles. In temperate
conditions, weathering does not seem to a.ffect kaolinite, although it often removes inter-
layer potassium from illite to increase the proportion of expnding (smectite) layers, and
in moderately or strongly acid conditions may rcmove goethitc and presipitate interlayer
hydrated aluminium compounds to form chlorits-like mherals, However, in the four
profiles examined CIable 5), there is no decline in goethite towards the surface, and the
smectite : illite ratio of the interstratified expanding layer silicates is unchanged from the
surface to the sub-surface horizons. For these minerals, weathering changes have failed
to mask the influence of parent materials on thc clay fraction of the soils.

IXsczsdon orl cocludons

In thc fields considcred here, almost all the soils that are on or ncar the Lower Grceosand
outcrop are afected to a greater or lesser extent by admixture of Quarcrnary sediment
with the sand. The areas mapped as Cottenham series have insufficient Quatemary
matcrial to change the surfaca texture of the soil from the sand or loany sand typical
of the Lower Greensand into sandy loam, but even here the occurrence of small flint
fragnents in higher parts of the profile and the detailed mineralogical study of the fine
sand and coarse silt fractions reported here both indicate that a little of the soil material
is derived from weaihered Chalky Boulder Clay. In the areas mapped as Stackyard series,
the boulder clay admixture is enough to change the soil texture to sandy loam, usually to a
d?th of at least l() cm. Although both series are well drained, the slightly greater water
retaining capacity of the Stackyard series, which rcsults in a slight greying of the soil in
some horizons, is likely to afrect the growth of some crops, espocially in periods of
prolonged summer drought.

The Chalky Boulder Clay, from which the additional silt and clay in the Stackyard and
CotteDham soils was derived, does not occur rn ^er:tu on any of tle fields described here'
but is present on slighfly higher ground in Woburn Park south of the Woburn-Ridgmotrt
road (A418). From this area the weathered, decalcified surface soil s€ems to haYe b€cn
washed downhitl duriag periods of heavy rain, and mixed with sand eroded from the
Lower Gre€nsand on the slops below. This colluvial mixture was deposited mainly on
thc floors of valleys, which had previously b€en cut through the Lower Grccnsand (and

Z2
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possib,y also its boulder clay cover) into the underlying Ampthill Clay, but vas also left
partly as a thin venecr on the intcrvening slopes. Pr€sent day erosion on such a large
scale is prevented by natural vegetation in the park and ottrer factors, but does occur
during and immediately after heavy rain on many of the fields, espocially wherc the soil
is trot stabilised by grass or well-established crops. For examplg during a storm io May
1973, when over 50 mm rain fell in an hour, there was severe sheet erosion on parts of
Butt Close @late 4), and several centimetres of surface soil and many young potato
plants were washed into the shallow valley south-west of the kroll in Butt Fudong,
where water stood for many hours in large ponds. On the same occasion much surface
soil from Great HilI was swept into thc ditch west of Honey Pot field. The arcas mapped
as Stackyard and Flitwick series are essentially those receiving soil matcrial during such
periods of downslope movem€nt.

On Butt Close, the field most frequently subject to erosion among those comid€red
in this paper, the slop€s afected are quite gentle (1-3), and factors such as sudden
flushes and thc inlerent erodibility of the soils on the I-ower Greensand arE rnrinly
responsible for the movement. Erosion herc is ertainly aggravated during heavy rain
by water running off the main road (A418) to the soutb, which is 1-2 m higher than thc
suface ofthe field. Nevertheless, it is surprising that during heavy rain little of the water
penetrates such a light sandy soil that sho*.s evcry evidence in its profile morphology of
good drainage. The dusty surface of the Greensand soils after prolonged drought is
mticcably difrcult to wet, and for a short while there is little or no pcnetration, but rhis
phenomenon does not explain the erosion of soil already quite moist. Penetration of
water could also be limited by a 'plough pan' formed by smearing of the sub-surfacc
soil when very wet during winter ploughing, or by compaction of the surface soil by
heavy machinery. One cause of erosion is the weak structure of the soils. In the spring,
light soils which have been autumn ploughed and left with unbroken ridges may be s€eo
to have partially dispersed. The remnants of the ridges are noticeably sandy on their
surfaces, whercas the former furrows arc filled, and thetr coatcd with silt-rich material.
Clay has moved further downslope and has been deposited in shallow deprcsions where
it forms the bcds of slowdraining ponds. Subsequent farming opcrations rrmix these thin
surface coatings rrith the main bulk of topsoil, but the long-term efect of this dispersion
and s€.paration of sand, silt and clay affects the distribution of soil type; the heavier
Stackyard and Flitwick series soils occur in the valley bottoms in Butt Close and Road
Piece, and those of the lighter Cottenham series on higher ground.

The sequence of events that gave rise to the deposits on the north side of Grcat Hill
(Fig. I and 3) may be summarised as follows. The topography of the area just before
the advance of the ice during the Anglian Stage of the Quaternary was probably not very
dif€rent from that observed today, because Chalky Boulder CIay occurs m srlr at heights
approrimately equivalent to thc highest point of Great I{ill in Ridgmont village to the
south+asg and also on the low ground on Pightle field b rie west. The whole area was
covered with ice at ttre maximum of the Anglian glacial advance, and blanketed with
boulder clay after its retreat. The boulder clay was weathercd and eroded during the
sub6equent warm periods of the Hoxdan or Ipswichian Stages to the extcnt that the
surface of the Jurassic clays in Great Hill Bottom was completely cleared of it By the
time of the Wolstonian and Devensian cold Stages, the boulder clay on the highest land
had bcen thinned suffciently for its decalcified rsmnant to be incorporatcd into the under-
lying Lower Greensand by cryoturbation. Also during one of these cold pcriods, a Head
of mixed sand and clay formed on the north side of Gr€at Hill as a mud-flow forced
upwards from the base of the Lo*tr Greensand ovef a frozen outer lip of Amprhill
Clay. This spread downslolr over a frozen clay surface, and may have extended a long
]vay, but subsequently has been truncated by stream eiosion or buried by alluvium in

23

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-9 pp 23

ROTHAMSTED REPORT FOR 1974, PART 2

the fields to the north @road Mead and \trarrcn Field). It is thoreht to havc formed in
cold rather than temperate conditions, because a lxrmanendy frozen layer in the Lowef
Greensand is necessary to explain the initial upward movement of the Head ovcr the
lip of clay revealed by deep augering (Fig. 3). The sandy colluvium covering the Head was
probably formed by soil erosion during a subsequent warmer period, and much of it,
Iike the colluvium on Butt Closg was probably deposited in recent centuries after
clearance of the natural vegetation.

Weathering changes have not affected the mineralogical composition ofthe soils very
much, despite the long period of time that has elapsed since deposition of the Chalky
Boulder Clay and the climatic fluctuations of the subsequent glacial and interglacial
periods. Among the sand-sized minerals that occur in unweathered Chalky Boulder
CIay, calcite, apatite, collophane, sideritg chlorite and pyrites have been removed by
weathering from the boulder clay{erived material in the A and B horizons of the
Stackyard profile. Changps in silt minnalogy indicate variations in the severity of
weathering in different soil series. Thus, cblorite and biotite, which occur in unweathercd
boulder clay, persist in the boulder clay-derived material ofthe Flitwick and Rowsham
profiles, but have been removed by weathering from the equivalent horizon of the
Stackyard profile, which is better drained. The only weathering change in the clay
minerals that can be recognised with certainty is the removal from the soils of the small
amounts of chlorite that were derived from the boulder clay. Other changes looked for,
such as the loss of potassium from illite and the resultant modification of expanding
minerals, could not be confrmed. The probable reason for this is that all the soil parent
materials contain illirc and expanding minerals, and the changes in them produccd by
weathering are small ccmpared with the original diferences between them.
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APPE{DTX A

Proole rlcsclldos

I Cottanhaa tqlct
Location: Gt€at Hill I, Icyel site n€ar summit of hill (SP 969359).
Land use: Grassland.

Ap O-15 c0

AB ttZ.@

Bw z}4([
DCI /()-53 clrt

W2 ,3-90 cdr

Very -dark Sreyish browa (10 YR 3/2) friable loahy saod to sasdy IoaD;
very few small subaDgular caEtoDe fragneots; moderately devcloped frc
subaogu.lar blocky structue; abuDdant 6ne fibrous and comoon soall
rhizomatous roots: narrow eveD bouDdary.
Brow! (l0YR4/3) friable loamy saDd with vrry few sElall carstonc
fragrDeDts; crcakly devcloped rnedium subangular blocky strucnfe;
common 6ire fibrous roos; eafthworm c.banncls 6tled with topsoil;
nairow ir€gular bouodary.
Browtr (7.5 YR 4/4) very friable loaDy saod with a few carsaorc fragEetrts;
8tructure, rools aod €anhworm chaonels as above; m6giDg boundary.
Strong browD (7.5 YR 5/5) very friable loaoy sand withiery few carsiooc
fi'agments; very weakly developed m€diuo subaogular blocky strufiue;
roots and earthworm chaooels as abovc; merging bouodary,
Yellowish browD to brovnisb yelow (10 YR 5-6/0 loose loaoy sand,
witb a few brown (7.5 YR 4/2) laoellae up to 2cm thick: vary few
carstooe fuagrncots; very weatly developed ocdium subaDgular blocky
Struchtl€, or structur€l6s; comrnon 6ne fibEous roots coDcetrtaated iD
earthworm chaDnels.

2 Cotrer,lsn taiat
Location : Gr€at_ Hill II, level site near sw nit of hill, close to convex slope to west (Sp 968357).
Land us€: Arable.

Ap 0-l5co

AB l5-:lo crE

Bw 3H5 sn

2C ,16 crE+

Dark brown (10 YR 4/3) loamy salrd wirh very fc$, small fliDts aDd car-
stoDe fraSmeots; wry w€akly dcveloped froe subanSular blocky to medium
crumb saucture; loose to friable; abuodaDt 6ne and soall fibrous roots;
narow eveo boundao/.
Browtr (10 yR 4/3) friablc loamy sald with very few srnall fliDts and
caEtorc fragtD€nts; vcry wea&ly developed 6oe subaDgular blocky
structuei ftequeot f.oe fibrous roots; oarrow irregular boundary.
Dark ycllowish bro\a! (10 YR 4/4) slightty comdcred loaDy sand, with
vcry fcw sEall,carstoDc fragmeDts; sharp irrcgular boudsry:
Loos€, pelc yeUowish brow! saDd.
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t eacrcysd sqtec

Location: Road Pi(D, 3' slopc to north (SP 965357).
Lsnd use: Arable.

Ap o-7 cdr

AB 7-25@

Bw 25-48 c0

2C 4HS cm

Very dark ereyish bro*n (l0 YR 3/2) sardy loam witb few grarcl.oize
carstoDe fraSrats aod rouDded aod subalgular flina; friable to bsd;
moderately develop€d platy to medium subatrgular blocky structEe;
Der8iog boudary.
Very dark SrEyish kowtr (loYR 3/2) friable saody loam with stoD6 as
aboE; very w€akly dsv€loped fioc to medium subauular blocky 3truc-
trrrc; narrow bouDdary.
Datk browD (10 YR 3/3) friable sandy loam with stoD€s as above; wcally
d€vcloped nEe 1o D.diu.m subanSular blocky sEucn[e; shlrp bouodary.
Dark yellowM htrowtr (IOYR4/4) vEry frisble storcl€ss loamy !and:
v€ry w€al.ly developcd fiDe to medium subgngular blocky structurc.

Dark browD (10 YR 3/3) friable saody loao, with a few small catstotrc
FagD€ots; weatly develop€d medium subatrgular blocky stnrcturei
commoE 6ne 6brou! roo8; ffiging boundary.
Dark brown (10 YR 3/3) friable satrdy loam, with stones arld s&ucture
above; few 6oe fibrous roo8; sharp eveo bouodary.
Brown (7.5 YR 4/4) v€ry friable sa.ody loam, with corDmon faiot 6re to
medium brown (10 YR 5/3) and yellowish brown (loYR 5/4) mottl€s;
stoDel€ss; e/rak mediu.Do subangular blocky smrclure; vciy rare fibrous
rooB; sharP ev€o bouodary.
Brositr (7.5 YR 4/4) saddy clay loam, with corllmoo faint fD€ to m€diuo
yellowish browD (loYR 5/4) mottles; sliShtly sticky, sUghtly plastic;
stoD€less; coarse subaoSular blocky structure; Do roots; shalp irlegular
bouDdary.
Ught olivcbrowD (2.5 Y 5/4) sandy clay loam, with maoy 6oe to m€dium
promineDt stsoog bro*n (7.5 YR 5/8) mottles; slightly sticky, slighdy
plastic, 6rm; coarse subeogular blocky structure! lowards the base
bacomes mor€ friablc with pckets of dark yelowish b.own (10 YR 4/4)
satrdy loam; ibarp irregular bouodary.
Dark grl, (5Y4/l) clay, with commoo p.omiDeDt DediuD yello,!f,ish
brown (10 YR 5/O Eottl6; plastic, sticky; calcaEous with soall palc
grey secoadary carbooate aoDcretioDs; merging bouodary.
Grcy (5 Y 6i l) \rcry calcarcous silt losE, with Eatry plomineot d€dium
ad laJgc browoLh yclow 0OYR5/O motd€s; stoEy iD psrt; ocrgiDg
bouDdary.
Dark grsr, (5 Y 4/l) cakarcous clay, $ith Ealy disiioct Ecdium aod lat8D
ycllwifi brom (10 YR 5/O mottlca.

I FMc* etut
lrcation: Road Piece, l' slopa to nonll u€ar foot of concavc slope (SP 966357).
Ilnd us€: Arable.

Ap 0-13 cm

AB 13-24 cm

BwG) 2+53 c,rt

BCG) 53.83 cm

Cg 83-l60co

2c,el 160-188 crn

2Cs2

5 Rorlrlunt tctlct
Location: GEat Hill Eottom, Dear foot of 6' north-west facing concave slope (SP 967359).
I.and usc: Grassland,

188-226 c0

226 qn+2Ce3

ADG) Gl8 cm

AE(d l&.42 cm

BqE 42-53c[

BCc 5Hl (D

26

Very dark greyish kown (10 YR 3/2) fiablc saDdy clay loam, with coE-
moo foe atrd rrr!/ 6ne r€ddish bro\{rr (5 YR 4/3) mottlB; a f€ry soall
aDd gravel-size flint and cantone fragments; moderate 6nc subalgular
blocky stnrcture; abuodatrt 6De fibrous rooLs: sharp even bouodarrr.
Datk gnyish brown O0 YR 4/2) ftiable saody clay loam with coDEon
finc to rnedium r€ddish broro (5 YR 4/3-414) mottl€s; stones as abovr;
6Dc to mediur subangular blocky struciure; commoD 6ne frbroB roots;
Ecrgitrg bouDdary.
Dark gxeyish kowD (10 Y 4/2) slightly plastic clay loam, with commoD
6nc yellowish red (5 YR 4/8) motd6; Eton€a as above; weak fDe suL
a4ular blocky slructrrte; a few frc ferrugioous concretioos; cooDoll file
fibrous roots; EgiEB bouodary.
Dark gryish browtr (2.5 Y 4/2) to olive-brfln (2.5 Y 4/4) rlishoy plastic
clay loant, with common frc strong browtr O.5 YR 5/8) rDottlesi rarc
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5 Etfur stct
Localion : Gr€at _Hill Bottom, DGar foot of 6. north-c/6t faci8 concalo slopc (Sp 95?359).
Land use: Gmssland.

SOIIS OF WOBURN FARM. I
car8tonc ftaSncots; wcak 6e edloatic, bEating to foc subeoSular
blo*y 3tnrchrc; commotr 6nc DrrS!trif.rou! @rriior; rat! 6Dp
frbrous roots; Strrp q/En boutdary.
Yellowish brown (l0YR5tO sliShtly plastic clay loom, with coomon
grcyish broeo (2.5 Y 5r2) mottLa; sloDclcss; stnrctirrcl6s; rarr DaDSaDi-
fcrous coocretioDs; very rall 6nc fb,rous roots; Darrow bourdary.
Gley (5 BG 5/l) plastic clay, evitb abuDdant steaks atrd pstchcg of yellow-
is! brown (10 YR 5/O clay lo6rn, which bccotrE lcss commoD with depth;
a fcw blsck nodules: mersing bouDdary.
Crly (10 B 4/l) calc$€ous plastic clay, witb Eany medium liSht olir/E-
browD (2.5 Y 5/O motil€s; sbcll fragmcnts occ1tr tbrouShout, 8Dd !E8ll
secondary csrboDate coDcrctioDs to c. l50c!0; yellowisb r€d (5 YR 4/O
f(rruginoug concretions commoD n€ar 180 cm.

V€ry d8rk grcyish browD (2.5 Y 3/2) slighdy plastic clay toam, with r"are
very 6Dc rusty mottlcs aloig root chanrcls; rcry few sEali flint 8nd
carstoDc hagrneots; weally dereloped finc blocky to crumb structuc:
abundaDt 6oe fibrou! rootsl DaEow even bounda.ri.
DaIk gsyish browD (2.5 Y 4/2) sliShtly plastic ialcarcous clay len;
very fcw gravel-size flinl,s; modcrate 6.oe subaagular blocky stnrcturcl
commo:r 6ne fibrous roots'; narrow elleo boundarr.
Gt€y (5 Y 5/l) plastic caliareous clay. with conimoo 6ne and medium
yruowist bropn (10 YR 5/O mottlcs; very ferf, gravel-siz. fliots; medium
prismatic and coa$e subaogular blocky peds nith gleyed faces; common
linc tibrous roob conceDtrated on Ded faces; commoD srnall saconds.ry
carboDate coocrctioos; maging bouhdary.
Grcy (5 Y 5/l) aod rcuowish browD (10 YR 5,/4) ma-ssive Dlastic ca.lcareous
clay, with a fcw gleycd structural faces; comhbo small iecoudary carbo-
natc coHetions; f€v ftic ffbrous roots.

82-104 c-rtr

104-lZ) cm

l2Gl80cm2C8k

A(d 0-l6ca

ABw lG28 cm

BG)t 28-70 cD

C4 70 cD+

2cs

APPENDIX B
MctoFhrodolodcrl RGDct on the ADpthlt! Cby a,om tb lttfiic& IMh (t.SS-2.26 Ed.lii),

Rmd Plcce

By R- C. Whadey
(Gcology Departmcot, Univcrsity Collcgp of Aberystwlrth)

FrrDfuifcddr
l. Rheophax sp. d. R. hoostoareasis l)oyd 1959. The spockx presat is largEr atrd coDsists of

coarscf lgglutinatcd fragm€nts than R. houastoutensis, *hich was described &om the
Kimmcridgian of thc Dorsot coast.

2. At urobaolitcs coptolithil-ormis- 1862. RatrgE at least Bajocian to Kimm€ddgian;
rEordod ftom the Corallian of Dorset atrd rhe Amptiiill Clay of CambridSpshtu€ (ddoD;
1962t.

3.. Tertulqla pugiutoalas, (Sch{agpr) 1855. Range Oxfordian to Kimmcridgian.
4. Lcnticulira_muatsre, (Ro€rner) I839. RaDge Jurassic to Ctctaceous; rcpo-rted from Ampthill

Clay (Gordoo. 1962).
5. Iznticulha suprojurdssica Gordotr 1962. R€corded from the Amprhilt ctay (GordoD, 1962).
6. I2tticulint ,ic@inelb (Reuss). Ratrge Bajocian to l-oq/er G,etarious.
7. Falsopalnald orcaps (ferquem) 1870. Range BajociaD to Upper Oxfordian; preseDt in

Ampthi[ Clay (cordon, 1962).
8. lghylina,banardi Gordon 1965. Rcported only from th€ Corallian of thc Dorset coast(tuon, 196r.
9. Clt@tu scratocosrda (Ctimbel) 1862. Rangp Bsjocian to Irwer Cletaceous; common in

the Ampthill Clay (Gordon, 1962).
10. Plotuloia lt@ei (Sclwager) t865. Range Liassic to Upp6 Jurassic; common in Ampthill

Clay (cordon 1962).
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ll. bondi.'tdoit inqulois Terqucm 1870. RanSp Jurassic; rrport€d from thc Upper Oford
CIav of Huntingdbnshirc (Barnard, 1952), but not from the ADpthill Clav.

12. Deitalina gunieli *hwagtr. 1865. Rangp Jurassic; commou in tbe Corallian of Dorsct
(GordoD, 196r.

13. Tristix o;tithica Gerquern) 1885. Rangp Bathonian to Portlandian; recorded from Ampthill
Clay (Gordon. 1962) and Corallian of Dorset (Gordoo, 1965).

14. Eoiuttulina liassr'ca (Strickland) 1Ezl6. Range Liassic to Kimm€ridgiao'
15, Lenticulina sp.
16. Frondiculqia sp.
17. Pdtellino sp.
18. 'lhutdiscus sP.

Osfircodt
l- cthctellt dcotes$d Doazf- 1962. Describcd from the Upper O:fordian (cauiniere ?trf)

oi south-east-France; occurs iD the Ampthill Clay near Ridgmont (lvhatley' 1954).

2. Gdllioecytheridea rol6ragi (Steghaus) 1t5!. Range Upper Oxfordian to l-ower Kimmerid-' 
gian; rriported from the- ciutisnigrae zone in Dorset, ilambridg€shirE and East Yorkshir€
(Whatley, 1964).

Z. datioecltiWiaia posnorunda posttottotda Oertli 1957. Common in the Uppcr Oxfordia,n
and Corallian, but not hitherto reported from the Ampthill Clay'

4. Galliaecytheriaea nirda whatley 
-MS. 

Reported ftom lhe Plicatilis mne (Coralian) of
Dorset, Berkshire and Oxfordshire (Whatley, 1964).

5. yeriiielta caletorum Ael].li 1958. haoge ilower and Upper OxfordiaD; common in tho
plicatilis aJnd cdatisnigae zoa€s n Britaitr (Whstl€y, 1964).

6. 
-Mondetstania 

aagura;ta Kitengi 1961. Ralgp Lowti oxfordian to Low€f, Kimmeridgian in
Britain.

7. Procytheruta ,enaicostata VtbatJey 1970. RangE Oxfordiar; common in the Ampthil! lay.
8. Eucytherura (Vesticylherura) costdeinegulfiis Whatley 1970. Range C.alloYian to Upper

Oxf ordtan (c dat is nigr ae z!.ne).
9. Eucytherwi (Vestiyherwai grueaderi whatley Ms, Ran8p Irwer to Upper oxfor-dian

(niriae to cdit*nigiae zones); occurs in the Ampthill clay near Ridgnont (Whatley' 1964).

lO. hrocythercpteton isrvaesutcala Whatlcy MS. Range Odordian (narilc to Pseudocordala
zones).

11. Iophocythcre (Neurocythere) corrugdtocostata Whatley MS' PreYiously reported only from
the plicatilis zooe ia Dorset (Whatley, 1964).

12. Ioihocythere (Neurocytherc) multiiostata Oertli 1957. Abundant in Upper Odordian
(p licarilis aad cdat isnigrae mo6\.

13. 
"Bairdia 

sp. A. V.lhatlet MS. Reported from tb plicatilis zf,rle of Upper Oxfordiao in Dorset,
Berkshire and Oxfordshire (Whatley, 1964).

I 4. Procytheroptercr sp.

HoIodrEoftIea
1. Achistrum (Corcelhum) bichotddd Fletcher 1962. Describ€d from the Ampthill Clay, E€st

Y orkshire (caatisniy@ zoue) (Fletcher, 1962).
2. Achistrum (Cowlllwi monocordata Hodson, Harris and Lawson 1956. Range Orfordian

(corddtum lo cqutisnigrae zooes).
3. )cdstrum (Achistum) cf. us/eri (Ctoneis) 1932. A. (A.) rss/eri has been reported from the

Lower OxfordiaD (cordatum zoDe) in Dorset and the Ampthill C,.ay (cattisngruc mae) iD'
East Yorkshire @etchcr, 1962).

4. Theelia sp.
5. Rhobdodites sp.
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