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BROADBALK SOILS: MINERALOGY

is evidently a grey-brown podzolic soil, whereas the dominant Batcombe
variants (A and B) could be classed as red-yellow podzolic soils.

In the new U.S.D.A. classification (Soil Survey Staff, 1960; 1967), soils
of humid regions with an argillic (Bt) horizon are divided between the
Alfisol and Ultisol orders. Using current (1967) criteria, profiles 2 and 3,
and presumably also profile 4, are Alfisols because the base saturation at
50 in. below the top of the argillic horizon exceeds 359,. Their morpho-
logy, and temperature and moisture regimes, place them in the sub-order
of Udalfs. At the great group level, profile 2 (variant A) conforms to the
provisional definition of Paleudalfs, comprising Udalfs that have thick
argillic horizons with stronger chromas and redder hues than in Haplu-
dalfs (typical grey-brown podzolic soils). The prefix Pale associates them
with old ground surfaces, and implies that the B horizons may be relict
formations. Profiles 3 and 4 are difficult to classify satisfactorily at this
level because no allowance is made for the occurrence of lithological dis-
continuities in distinguishing Paleudalfs from Hapludalfs, and because the
lower boundaries of the argillic horizons are ill-defined. On current defini-
tions profile 3 could be a Hapludalf and profile 4 a Paleudalf, but these
identifications are not consistent with the apparent genetic relationships
of the soils.

An essential difference between the Batcombe profiles and profile 4
appears to lie in the fabric of the B horizons, which are bracketed as ‘argil-
lic’ in the U.S.D.A. system. The brightly coloured Clay-with-flints B
horizons in the former profiles have a predominantly sepic plasmic fabric
with much moderately to strongly oriented clay, but with only a small
proportion of identifiable argillans. In contrast, the brown B-horizon fabric
in profile 4 has a predominantly asepic fabric with much less strongly
oriented clay, most of which occurs as well defined argillans.

The Mineralogy of Broadbalk Soils
By A. H. WEIR, J. A. CatT and E. C. ORMEROD

Introduction and analytical methods. The mineralogy of Chiltern soils
similar to those of Rothamsted Farm was first studied by Brown et al.
(1956, 1957), Loveday (1958) and Avery et al. (1959). Stephen (1961)
analysed the sand fractions from a profile in Broadbalk Wilderness, and
Greene-Kelly (1954, 1956) studied clays from profiles in the Wilderness and
surface soils of the arable plots. Weir & Ormerod (1968) described the clay
mineralogy of surface soils from plots 3, 10 and 13 of Broadbalk sections
IA, II, III and 1V. However, the mineralogical composition of all the
important size fractions from the various horizons of Broadbalk soils has
never been published, and it is therefore necessary to fill in many of these
details.

Samples from profiles 2, 3, 4 and 5 (see pp. 71-74), and surface soils
(0-8 in.) from plots 3, 10, 13 and 15 of section II (sampled by the Chemistry
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Department, 1966) were separated into coarse sand (>250u), fine sand
(50-250 ), coarse silt (20-50 w), fine silt (2-20 1) and clay (<2 ) fractions.
Calcium carbonate was first removed from the samples by treatment with
acetic acid buffered at pH 5 with sodium acetate, and organic matter was
destroyed with hydrogen peroxide. The remaining mineral soil was then
dispersed in a weak (019 w/v) solution of sodium hexametaphosphate
by shaking for 16 hours followed by ultrasonic agitation for 5 minutes.
The sand fractions were separated from the finer soil by sieving, and the
clay and silt fractions were separated by repeated settling under gravity.
The clay fractions were flocculated and Mg-saturated with magnesium
chloride solution, then washed twice with water, twice with acetone, and
finally dried from benzene. Clays from the four surface soils, and from
selected horizons of profiles 2, 3 and 4 were further divided by centrifuga-
tion into coarse (0°1-2 p) and fine (<01 p) fractions after redispersion in
dilute sodium hexametaphosphate solution.

The fine sands and coarse silts were separated into light and heavy frac-
tions with bromoform (specific gravity 2-9) and analysed mineralogically
with a petrographic microscope. The fine silts and clays were analysed by
X-ray diffractometry of lightly compressed powders and oriented aggre-
gates that were air-dried, treated with ethylene glycol vapour at 60° C for
4 hours or heated at 335 or 525° C. Quartz and felspar in the clays and
both coarse and fine silt fractions were determined by the bisulphate fusion
technique of Kiely & Jackson (1965). Amounts of amorphous silica and
alumina, kaolinite and soluble iron oxides in the clay fractions were
measured by the selective dissolution technique of Hashimoto & Jackson
(1960). The quantities of potassium, sodium and calcium in hydrofluoric/
sulphuric acid digests of the clays and in the quartz/felspar residues from
the bisulphate fusions were determined by flame photometry. Cation-
exchange capacities of the clay fractions were measured by a modification
of Bascomb’s method (1964).

Mineralogy of the fractions

Fine sand mineralogy. Table 5-3 shows the composition of fine sand frac-
tions from the four profiles studied; sands from the four surface soils are
mineralogically similar to that of the Ap horizon (0-7 in.) of profile 3. All
the samples have somewhat similar assemblages of sand minerals, but there
are a few small, yet significant, differences within profiles 2 and 3. The
sands from higher horizons of these two profiles contain a little more fel-
spar but rather less quartz than those from the deeper horizons, and in
profile 3 the decrease of felspar content with depth is matched by a de-
crease in amounts of chlorite, garnet and epidote. Similar changes in the
composition of sand fractions were noted in the Broadbalk Wilderness
profile studied by Stephen, and also occur in the Batcombe series on other
parts of the Chilterns (Avery et al. 1959).

The small amounts of chalcedony in many of the fine sands are, like the
flint fragments, ultimately derived from the Chalk. Larger pieces of
chalcedony are the main constituent of coarser fractions (=250 ) from
some of the deeper soil horizons (e.g. profile 2, 38-68 in.), and tabular
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TABLE 53
Mineralogical composition of fine sand (50-250 ) fractions from
Broadbalk soils
Profile 2 Profile 3 Profile 4 Profile 5
TBI1t Bt B2t IIB INBt Eb/Bt Bl IIB
(g) (g)_./ﬁC‘i Ap Bilt () 3tg g/C (=) t(g) 3ig Bl 1IIB'lg
8-20 38 0-7

7-19 19-28 28-40 40-60 9-16 16-26 37-46 10-16 21-28
Minerals in. in. in. in. in. in. in. in. in. in. in. in.

N

t minerals
(as %4 of fine sand)
uartz

Q 91 94 92 922 93 95 95 20 90 90 92 90
Flint z 2 2 2 = 3 2 1 1 > 2 2
Chalcedony <1 1 <l — — - — <1 <1 <1 <1 <l
Alkali felspar 5 2 4 5 4 1 2 6 6 6 5 6
Muscovite 1 <1 <1 <1 <1 <l — 2 2 1 <1 1
Collophane <l — —_ _ — —_ — — <1 <l — <1
Calcite — — 1 — — - - — — — — — —
Heavy minerals

(as parts per thou-

sand of heavy frac-

tion)
°% heavy minerals in

fine sand 06 06 06 06 05 08 08 04 04 06 06 06

Limonite 518 396 345 498 430 160 116 303 543 516 272 336
Haematite 145 127 215 74 122 88 43 120 103 108 106 170
Magnetite 110 134 135 152 138 200 264 180 128 120 198 157
Ilmenite/Leucoxene 52 47 42 52 77 66 45 88 72 45 61 93
Zircon 118 194 143 158 138 384 425 207 103 128 264 169
Tourmaline 14 27 12 22 17 20 34 9 18 10 16
Yellow Rutile 17 30 27 20 20 37 34 22 10 25 30 19
Red Rutile 5 11 11 3 12 14 19 12 6 8 14 6
Staurolite 14 9 T 11 12 12 8 9 10 18 10
Kyanite 4 6 6 5 6 8 2 | 4 8 6 7
Epidote 3 7 8 6 4 4 4 4 6 8 T 6
Garnet 1 1 4 2 2 1 — — 2 1 4 5
Hornblende — — 2 — 1 — — — - — 1
Chlorite 2 — 27 11 8 — — 7 4 2 2 2
Biotite — S— - — 1 1 — 4 — —_ —_ —
Andalusite 2 3 1 2 3 6 4 4 1 | 5 3
Anatase 1 3 — 2 4 2 4 — — 1 2 —
Brookite — — — —_ —_ _ 1 — — — 1 —
Sillimanite —_ _ — — — — 1 — — - — -
Monazite —_ —_ 1 — 1 — 1 — - — - —
Bone fragments —_ —_ 12 — —_— — — — _— — — —

Number of grains coun-
ted in light fraction 1322 1531 1514 1158 887 1314 1323 1143 1259 1328 1272 1415
Number of grains coun=
ted in heavy fraction 1587 1421 1955 1416 1397 1403 1124 835 1426 1595 1261 1185

fragments of optically similar chalcedony as large as 4 cm across are
common in subsoil horizons of the Batcombe series in many parts of the
Chilterns (Loveday, 1958, p. 128). These larger pieces often superficially
resemble fragments of the shells of Inoceramus spp., which are common
fossils in the Chalk. Further, thin sections of Inoceramus fragments from
the Upper Chalk exposed near Redbourn (TL 124103) and elsewhere
clearly show the partial replacement of the columnar calcite layer by chal-
cedony, and acid treatment of other fragments leaves a siliceous residue
that is both macroscopically and microscopically similar to the chalcedony
found in the Batcombe subsoil.

Pieces of microcrystalline calcite and partly mineralised bone fragments
occur in all the surface soils examined, but are absent at greater depths.
The calcite is the remains of chalk spread on the field at various times past.
The bone fragments are probably also the remains of a crude fertiliser,
but one used mainly before the beginning of the wheat experiment, because
the fragments are as abundant in soil from plot 10 (no phosphate
treatment since 1843) as in soil from the treated plots 13 and 15. They
are composed of extremely thin fibrous weakly birefringent crystals. Some
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of the fragments are colourless, but others are partly impregnated with
yellowish or reddish brown iron compounds. Their mean refractive index
is variable, but commonly near 1-62, suggesting that most of the non-
phosphatic organic compounds (collagen, etc.) of the bones have been
removed.

The collophane present in some of the sub-surface horizons of the soils
differs from the bone fragments in being composed of much smaller inter-
locking crystallites, in having a smaller refractive index ( 1-59) and being
much darker brown. This form of collophane resembles that described by
Hodgson et al. (1967) from the Reading Beds of Sussex and from soils
shown to be developed in a thin cover of Reading Beds Clay overlying
Chalk.

Coarse silt mineralogy. The coarse silt fractions contain similar mineral
assemblages to the fine sands, but the amounts of some minerals vary much
more than in the sand fractions. In particular, the decrease in amounts of
felspar, chlorite, garnet and epidote and concomitant increase of quartz
with increasing depth in profiles 2 and 3 are more evident in the coarse silt
fractions (Table 5'4) than in the fine sands. The coarse silts from the higher
horizons of these two profiles also contain more hornblende, but rather
less zircon and tourmaline, than those from lower horizons. The minera-
logical differences between horizons in these two Batcombe profiles again

TABLE 54
Mineralogical composition of coarse silt (20-50 ) fractions from
Broadbalk soils
Profile 2 Profile 3 Profile 4 Profile 5
f‘—r-&“ﬁ o A A *—-l
1BIt IIBt 1Bt Eb/Bt Bit IIB

IIB2t
(8 @/C Ap BIt (g) IB3tg g/C (g) () 3tg Bl IBIg
£ P 0-7 7-19 19-28 28-40 40-60 9-16 16-26 37-46 10-16 21-28
mn. N m.

Minerals in. in. in. in. in. in. in, in, in, in.

Light minerals )
(as %, of coarse silt)

Quartz 86 94 86 84 89 95 96 85 85 87 90 88
Flint 2 2 2 3 3 - 2 1 2 3 2 2
Alkali felspar 9 3 11 11 6 1 1 10 10 8 6 8
Muscovite 2 =<1 =1 1 <1 <1 <1 3 1 1 1
Heavy minerals

(as parts per thou-

sand of heavy frac-

tion)
% heavy fraction in

silt 12 0-9 0-8 0-7 1-6 1-2 1-0 1-1 1-0 1-0 08 1-0
Limonite 250 313 364 265 370 272 428 141 200 298 177 266
Haematite 65 50 69 47 104 56 37 63 80 38 59 24
Magnetite 176 154 89 128 101 136 101 130 148 123 127 158
Ilmenite/Leucoxene 160 193 123 116 138 158 83 137 160 168 138 132
Zircon 9% 186 68 94 112 244 218 110 94 S0 122 100
Tourmaline 36 44 14 18 35 35 58 31 34 32 33 23
Yellow Rutile 14 29 27 15 19 37 35 25 12 13 28 22
Red Rutile 4 5 6 4 5 8 3 7 e 3 - 3
Staurolite 3 5 5 4 5 7 9 8 S 5 13 7
Kyanite - 4 4 5 4 5 4 4 4 8 2
Epidote 131 10 160 189 72 20 9 177 145 138 187 204
Garnet 15 1 8 4 3 1 2 27 15 5 13 7
Hornblende 17 — 14 17 10 2 — 47 18 16 33 14
Chlorite 25 — 34 78 14 3 — 68 66 57 3as 26
Biotite _ — 1 —_ — — — —_ 2 1 — —_
Apatite 4 — 2 3 1 — - 14 7 5 3 5
Anatase 6 5 9 10 6 13 9 6 5 5 17 6
Brookite - 4 1 3 3 1 3 4 1 1 1 2 1
Number of grains coun-

ted in light fraction 1753 1480 2047 1764 1712 1710 1849 1612 1598 1946 1450 1684

Number of grains coun-
ted in heavy fraction 1390 1564 1543 1547 2033 1750 1391 1067 1223 1465 1106 1189
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suggests that most of the soil of Broadbalk developed in a stratified suc-
cession of at least two superficial deposits. The lower deposit (Clay-with-
flints) is characterised by fine sand and coarse silt fractions containing at
least 94 % quartz, small amounts of flint and felspar, and heavy fractions
dominated by iron oxides, zircon, tourmaline, rutile, staurolite and kyanite.
The higher deposit generally contains more silt than the lower (Fig. 5-3),
and mineralogically is distinguished best by its coarse silt fractions, which
contain 84-89 % angular quartz, 6-11 % felspar, and heavy fractions yield-
ing chlorite, epidote, garnet and hornblende in addition to the assemblage
typical of the lower deposit. This suggests that the upper superficial deposit
is composed partly of material derived from the Clay-with-flints and partly
of a silt-rich and somewhat felspathic sediment resembling loess.

The coarse silts from all horizons of profiles 4 and 5 are mineralogically
similar to those from higher horizons of the Batcombe profiles. In profile
4 this merely indicates that the upper superficial deposit is so thick that the
Clay-with-flints was not encountered even at the maximum sampling depth.
However, the coarse silt from the B1 horizon (10-16 in.) of profile 5 contains
slightly more quartz, zircon and tourmaline, and a little less felspar and
epidote than the same size fraction from the IIB’lg horizon (21-28 in.).
This apparent reversal of the usual mineralogical change with depth in
Broadbalk soils suggests that the colluvial material, in which the higher
horizons of this profile are probably developed (see p. 70), was derived
partly from the upper superficial deposit and partly from the lower.

Fine silt mineralogy. X-ray diffractometry of the fine silt fractions showed
that they consist mainly of quartz, with variable amounts of felspar, small
quantities of layer silicate minerals and traces of lepidocrocite or goethite.
Quartz and felspar were determined chemically in fine silts from profiles 2
(IIB1t(g) and IIBt(g)/C horizons), 3 (IIIBtg/C horizon) and 4 (Eb/Bt(g),
B1t(g) and II1B3tg horizons); the amounts range from 66 9; quartzand 13 7]
felspar in profile 4, Eb/Bt(g) horizon (9-16 in.) to 917, quartz and 17
felspar in profile 3, IIIBtg/C horizon (40-60 in.). The fine silt from pro-
file 2, IIBt(g)/C horizon (38-68 in.) contains similar amounts of felspar to
profile 3, 40-60 in., but the other fine silts analysed from profiles 2 and 4
are mineralogically similar to profile 4 (9-16 in.). The layer silicates,
which mainly occur in silt-sized aggregates of clay minerals, are mica,
kaolinite, chlorite, vermiculite and an interstratified mica-vermiculite in the
more felspathic samples, but only mica and kaolinite in profile 3, 40-60 in.

Clay mineralogy. Table 5-5 shows the mineralogical composition of
coarse and fine clay fractions from selected horizons of profiles 2, 3 and 4.
As soil variant A, represented by profile 2, occupies approximately 557
of Broadbalk (Fig. 5:2), clay similar to that from profile 2 (8-20 in.) is
probably quite common in horizons of Broadbalk soils immediately be-
neath the plough layer. The clay fractions from profile 4 (9-16 in.) and
profile 3 (40-60 in.) are the most dissimilar of all the clays from the
profiles studied, and are from horizons which, on the basis of sand and
silt mineralogy, contain the largest and smallest amounts of the upper,
silt-rich superficial deposit. The IIBt(g)/C horizon (38-68 in.) of profile 2
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also contains little or none of this silt, and comparison of the clay from
this horizon with clay from profile 3 (40-60 in.) provides an indication of
the range in clay mineral composition of the Clay-with-flints beneath

Broadbalk.
TABLE 55
Mineralogical composition of coarse and fine clay fractions from
Broadbalk soils
Profile 2, Profile 2, Profile 3, Profile 4,
1IB1t(g), 1IBt(g)/C, 1IIBtg/C, Eb/Bt(g),
8-20 1n. 38-68 in. 40-60 in. 9-16 in.
r(z'oarse Fine ’Coarsc Fine anrse Fine | anrse Fine
clay, clay, clay, clay, clay, clay, clay, clay,
0-12p <0lp 01-2p <O0lp O1-2p <Olpu O01-2pu <O1p
% Expanding minerals, inter- 50 32 44 53 34 41 33 47
stratified expanding minerals
and chlorite
%laMia & interstratified mica 15 10 16 8 12 11 23 12
yers
%% Kaolinite 16 22 17 24 27 32 18 24
% Quartz 7 — 10 —_ 12 — 12 -
% Felspar <1 — <1 —_ <1 —_ 4 _—
¥ mo;'phous Si0, (NaOH 1-8 49 1-9 4-5 21 4-1 16 4-1
soluble
b A ﬂfn;phous Al,0; (NaOH 1-7 43 1-8 4-0 22 3.7 1-0 39
soluble
% Crystalline and amorphous 79 7-2 8-8 6-5 10-1 7-6 68 8-4
Fe,0, )(soluble in dithionite- (G,L) (G) (G) G) G) G) G,L) (G,L)
citrate
Calt‘l)%; exchange capacity, m-eq./ 37 58 36 58 24 48 29 64

G = Goethite present. L = Lepidocrocite present.

The coarse clay fractions from both horizons of profile 2 are composed
mainly of expanding minerals, which are best described as randomly inter-
stratified montmorillonite-vermiculite, because glycollation of Mg-satur-
ated specimens expands the interlayer spacings from 14 A to 16 A (in
the IIBI1tg horizon, 8-20 in.) or to 162 A (in the IIBt(g)/C horizon, 38—
68 in.). Heating specimens to 525° C collapses most of the 14 A layers
to 10 A; however, the 10 A reflection tails to slightly larger spacings,
indicating the presence of a little randomly interstratified mica-chlorite,
and in the clay from the higher horizon (8-20 in.) a very small residual
14 A reflection indicates a small chlorite component. K-saturation of
air-dried specimens also causes partial collapse to 10 A, but subsequent
glycollation re-expands many of these collapsed layers to 14 A. The
fine clay fractions from profile 2 are also composed mainly of expanding
minerals; they contain more kaolinite and amorphous silica and alumina
than the coarse clays, but less mica and no quartz or felspar. The expanding
minerals have similar swelling properties to those in the coarse clay frac-
tions, but give broader diffraction peaks because the crystals are smaller.

The coarse clay fraction of profile 4, Eb/Bt(g) horizon (9-16 in.) differs
from those of profile 2 in containing smaller amounts of expanding minerals
but more mica and felspar. The 14 A reflection of the expanding minerals
in air-dried Mg-saturated specimens is not changed by glycollation.
However, heating to 525° C causes partial collapse to 10 A ; there is a small
residual 14 A chlorite reflection, and tailing of the 10 A peak to larger
spacings indicates the presence of interstratified mica-chlorite. K-
saturation of air-dried specimens also collapses many of the layers to 10 A,
but subsequent glycollation causes little or no re-expansion. The expand-
ing mineral thus resembles vermiculite. The fine clay of profile 4 (9-16
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in.) contains more kaolinite than the coarse clay, but less mica and no
quartz or felspar. The expanding mineral of this fraction expands to 16-2 A,
and thus resembles the expanding minerals of the fine clays from profile
2 rather than the vermiculite-like expanding mineral of the coarse clay.

Both clay fractions from the loess-free Clay-with-flints horizon (I1IBtg/C,
40-60 in.) of profile 3 differ from the same size fractions of the Clay-with-
flints in profile 2 (38-68 in.) in containing smaller amounts of expanding
minerals but more kaolinite. As in profile 2 (38-68 in.), the expanding
mineral in the coarse clay of profile 3 (40-60 in.) is a randomly inter-
stratified montmorillonite-vermiculite; however, glycollation of Mg-satur-
ated specimens cause expansion to nearly 17 A, which suggests that the
proportion of montmorillonite-like layers is greater than in the expanding
mineral of profile 2 (38-68 in.).

The clay fractions of soil horizons containing appreciable quantities of
loess-like silt (e.g. profile 4, 9-16 in.) therefore differ from those of the
loess-free Clay-with-flints horizons (e.g. profile 2, 38-68 in.; profile 3,
40-60 in.) in containing vermiculite, chlorite and felspar. These clay
minerals were probably introduced as part of the loess. A further difference
between these two clay mineral assemblages was found by examining the
d(06) reflections of the coarse clays by X-ray diffractometry by transmission
through oriented aggregates. This gave reflections from kaolinite (1-488 A)
and dioctahedral 2:1 layer silicate minerals (1-498 A). Coarse clay from
profile 4 (9-16 in.) also gave a weak reflection at d = 1-533 A, which repre-
sents not more than 109 of a trioctahedral 2:1 mineral. This may be the
chlorite deposited as part of the loess, because a trioctahedral ferromagne-
sian chlorite occurs in silt and fine sand fractions of the same sample.

The clay fractions of surface soils (0-8 in.) from plots 3, 10, 13 and 15
of section II are mixtures of minerals typical of both the Clay-with-flints
and of horizons containing loess. In particular, the expanding minerals in
the coarse clays are partly vermiculite and partly interstratified montmoril-
lonite—vermiculite. The coarse clays also contain small amounts of chlorite
and felspar.

The subsoil horizons of profile 4 contain coarse clay minerals derived
from loess, but the amounts of these decrease with depth. The only two
horizons of profile 5 that were analysed mineralogically (Bl and IIB'1g)
also contain coarse clay minerals derived from loess.

Distribution of potassium between size fractions of Broadbalk soils

Table 5-6 shows the amounts of potassium in Mg-saturated size fractions
of four surface and six sub-surface samples of Broadbalk soils. The separa-
tion of total K into mica K and felspar K in the sub-surface soils is based
on chemical analyses of the residues from bisulphate fusions and minera-
logical analyses with the petrographic microscope. All the non-exchange-
able, non-felspar K is given as ‘mica K’. Part of this occurs in micas that
give a sharp 10 A basal reflection in diffraction traces, and part is in mica
layers interstratified with expanding or non-expanding 2:1 silicate layers.
With present techniques we cannot measure the amounts of potassium
occurring in these two forms. Differences between the percentage weights
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of size fractions given in Table 5'6 and the particle size distributions of
the same samples (p. 77) result mainly from the different methods of
particle size analysis used; in particular, the ultrasonic dispersion after
shaking for 16 hours consistently increases the amount of clay at the ex-
pense of fine silt.
TABLE 5-6
Distribution of potassium between size fractions of Broadbalk soils
Coarse Fine Coarse Fine Coarse Fine Total
sand sand silt silt clay clay Kin
(>250 (G0- 0~ (20 @1 (<01 whole

®)  250p) S0u) w) 2 p) )
Surface soils

Se;llion 11
ot 3:
(a) / weight of size fractions 37 120 363 260 10-4 11-7
(5) %, K in size fractions 2-23 1-21 1-16
(c) K in fractions as %{ of K in whole soil 20 12
Plot 10:
(a) %, weight of size fractions 4-1 14-0 349 242 9-3 13-5
(b) 7% K in size fractions 0-27 1-02 1-47 1-83 0-95 1-06
(c) K in fractions as %, of K in whole soil < 34 34 16 12
Plot 13
f s we1ght of size fractions 49 148 351 23-8 9-2 12:2
K in size fractions 2-15 1-23  1-10
(c) Cin fractions as % of K in whole soil 18 15
Plot 15:
(a) % weight of size fractions 4-3 14-8 340 24-1 99 12-9
(5) %, K in size fractions 1-98 1-06 1-09
(c) K in fractions as %{ of K in whole soil 18 13
Sub-surface soil horizons
Profile 2, horizon IIB1t(g), 8-20 in.
(a) °; weight of size fractions 1-1 59 17-4 12-5 16-4 46-7
(b) %, K in size fractions 0-42 1-06 1-42 1-56 098 1-20
(c) % felspar K in size fractions 0-36 0-88 0-58 0-07 0
(d) %, mica K in size fractions 0-06 0-18 0-84 1-49 0-98
(e) K in fractions as %{ of K in whole soil 2 15 15 21 38
Profile 2, horizon I1Bt(g)/C, 38-68 in.
(a) /, weight of size fractions 1-6 8-5 8-7 73 18-2 55-5
(b) % K in size fractions 0-20 0-49 0-85 1-60 1-19 1-16
(c) /{, felspar K in size fractions 0-15 0-39 0-22 0-03 0
» mica K in size fractions 0-05 0-10 0-63 1-57 1-19
in fractions as % of K in whole soil 1 4 5 25 57
Profile 3, horizon IITBtg/C 40-60 in.
(a) %4 weight of size fractions 58 27-3 19-1 9-6 10-2 28-0
(b) %% K in size fractions 0-07 0-13 0-21 1-24 1-12 049
(c) %, felspar K in size fractions 0-07 0-08 012 0-02 0
(d) °; mica K in size fractions 0-00 0-05 0-09 1-22 1-12
(e) K in fractions as % of K in whole soil - 5 - 26 53
Profile 4, horizon Eb/Bt(g), 9-16 in.
(a) o welght of size fractions 1-6 56 362 27-0 13-0 16-6
) 2% K in size fractions 060 120 173 278 124 1-47
(c) %o felspar K in size fractions 0-50 1-00 1-38 0-49 0
(d) % mica K in size fractlons 0-10 0-20 0-35 2-29 1-24
(e) K in fractions as % of K in whole soil 2 29 32 25 14
Profile 4, horizon Blt(g), 16-26 in.
(a) 9, weight of size fractions 0-2 2-2 30-0 25-7 14-4 27-4
b) %, K in size fractions 0-72 1-14 1-77 2-48 1-21 =35
(c) ¥, felspar K in size fractions 0-54 0-80 0-73 0-14 0
(d) /, mica K in size fractions 0-18 0-34 1-04 2-34 1-21
(e) K in fractions as %{ of K in whole soil 1 22 29 23 21
Profile 4, horizon IIB3tg, 37-46 in.
(a) %% weight of size fractions 3-4 6-2 29-7 21-9 11-8 272
(b) % K in size fractions 0-42 1-06 1-57 2-20 1-17 1-35
(c) % felspar K in size fractions 0-37 0-84 075 011 (V]
(d) %4 mica K in size fractions 0-05 0-22 0-82 2-09 117
(e) K in fractions as % of K in whole soil 2 23 25 19 24

Most of the potassium in the surface soil from plot 10, section II occurs
in the silt fractions, and this is probably true of the three other surface
soils from section 11, because all four have similar particle size distributions
and similar percentages of their total potassium in fractions coarser than
2 p. The distribution of potassium between size fractions of soil from
profile 4 (9-16 in., 16-26 in. and 37-46 in.), is also similar to that of the
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surface soil from Plot 10, except that the amounts of fine clay, and conse-
quently of fine clay potassium, increase with depth. In contrast, most of
the potassium in the IIBt(g)/C horizon (38-68 in.) of profile 2 and the
I1IBtg/C horizon (40-60 in.) of profile 3 occurs in the clay fractions, mainly
because the silt and fine sand fractions contain very little felspar. These
differences in potassium distribution are essentially inherited from the two
main parent materials in which the soils of Broadbalk have developed.
Potassium-bearing sand and silt minerals are comparatively rare in the
lower superficial deposit (Clay-with-flints), which forms the subsoil hori-
zons of the Batcombe series; most of the potassium reserves in these hori-
zons are therefore in the clay micas. In contrast, the large amounts of potas-
sium in the silt fractions of the surface soils and of the sub-surface horizons
of profile 4 are attributable mainly to the alkali felspar deposited as part
of the overlying superficial cover of loess.

The felspar and mica in the coarser fractions of Broadbalk soils weather
too slowly to provide an effective supply of potassium to plants, and the
main natural source of potassium is probably the fine clay mica. However,
we cannot confirm this by comparing the potassium distribution in soil
from plots receiving no potassium fertiliser (3 and 10) with that of soil from
the treated plots (13 and 15), because the lateral variation of the soils is too
great and the exact depth of soil from which the wheat extracted potassium
is not known. For example, the figures given in Table 5-19 show that
approximately 0-6 tons K/acre have been removed in crops from plot 3 in
120 years; this is equivalent to 129/ of the non-exchangeable potassium in
the total clay fraction of the highest 9 in. of soil, yet the amounts remaining
in the clay are as large as those in the clay from the surface soil of plot 13,
which has received more potassium in fertiliser over the same period than
has been removed in crops. Similarly, plot 10 has yielded 0-8 tons K/acre,
which is equivalent to 16 % of the non-exchangeable potassium in the clay
of the highest 9 in., but the amount still in this clay is only 7% less than in
that of plot 13. The potassium extracted by plants from the soil of plots
3 and 10 was therefore derived either from the clay micas from a much
greater depth of soil than 9 in., or from micas and felspars in coarser
fractions of the soil.

The Origin and Development of the Soils
By J. A. CATT*

The origin of Broadbalk soil parent materials and the changes they under-
went during soil formation can be inferred partly from the morphological
and petrographic characters described in the two previous sections, and
partly from analogous studies of soils in similar geomorphological situa-
tions elsewhere in S.E. England. Comparison with similar soils in other
areas is necessary because the complex history of soil development

* Written in consultation with the authors of the two previous articles and G. Brown.
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Soil phosphorus. There have been studies by:

1. Dean (1938) who used the Broadbalk soils for his pioneering work
on the fractionation of soil phosphorus.

2. Aslyng (1954) illustrated his ideas on phosphate potentials in soils
by analyses of the Broadbalk soils.

3. Nagelschmidt and Nixon (1944) used an X-ray diffraction technique
to show that superphosphate applied as fertiliser reverted to apatite in
soil.

Soil potassium. K studies on Broadbalk soils are more recent. They in-
clude work by Talibudeen & Dey (1968) on activity ratios. by Addiscott (in
press) on quantity/intensity curves and the relationship of buffer capacity
to K saturation of the cation exchange complex, and by Arnold (1962) on
potassium potentials.

Other elements. Rickson’s unpublished work done in 1948 on the fluorine
content of the Broadbalk soils showed that, though plots treated with
superphosphate contained slightly more F (mean 00229, F) than the un-
treated plots (mean 0017 %, F), the individual figures fluctuated consider-
ably. However, much of the added F had been lost from the 0-9-in.
layers. Though there was no relation between F content and pH of the soil,
there was an indication that F content was related to CaCO; content.

Little (1953) used some of the soils in his study on readily soluble sul-
phates in soils.
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