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PEDOLOGY DEPARTMENT
A. MuIn

Dr. Ya. Rusko, an exchange student from the U.S.S.R. (Kiev),
spent nine months between the Pedology,- and Plant Pathology De-
partments. Dr. S. P. Mitra (Allahabad) has nox' gone to the
United States. Instruction in X-ray techniques was given to Mr.
J. W. Vail (Tanganyika) and Dr. A. K. Helmy (Egypt), and Dr.
J. S. P. Yadav (Dehra Dun) spent some time studying spectrogaphy-
Mr. C. B- Wells (C.S.I.R.O.) will work with C. Bloomfield on car-
bonate movement in soils.

MINER{LoGY

E x! anding latlice miner als

(l) In the course of characterising the weathering products of
picrite from Shropshire (Ref . Rothamst. erl. Sla.Ior 1957 , pp. 65-66),
two unusual type.s of expanding-lattice minerals were studied. A
variety pseudomorphous after and derived by weathering from fibrous
chlorite occurs in {airly large amounts in the (B)/C horizon of a
brorfln earth at Woodgate, I mile south of Corndon Hill. The
fibrous character and swelling properties of minerals classified as
saponite, bowlingite and diabantite by other workers were demon-
strated, and fibre photographs of bowlingite (Cathkin Hills) taken
here show a general resemblance to those of the lVoodgate soil
mineral, but with difierences in detail. A lamellar mineral occurring
at the base of the soil seems very similar to the layerlattice silicate
found to be a constituent of iddingsite (Brown and Stephen, Amer.
Min- 1959, 44, 251 S), giving a disordered stacking of layers, the
only regularity, in addition to the parallel and equidistant stacking
of ihe silicate layers, being the parallel alignment of the hexagonal
a-axes of the halfJayers of the mineral. A distinction from the
iddingsite material is that the soil mineral expands with glycerol.
Various crystallographic considerations suggest that both the
fibrous and the lamellar minerals owe their crystallographic order to
the inheritance of undisplaced structural units from their parent
minerals. The study of such pseudomorphs should give structura.l
information about clay minerals that could not otherwise be easily
obtained (see abstract 3.4). (Browrr and Stephen.)

(2) An expanding layerJattice mineral from Baluchistan,
Pakistan, was identified as an allevardite. Chemical analysis con-
firmed that it was a sodium aluminium silicate and contained only
traces of other metal atoms. X-raydifiraction patterns were
identical with those of the type mineral from Allevard, indicating a
mineral with a structure composed of silicate sheets wjth a thickness
of 19.4A., separated by layers of intercalated water or organic
molecules. The structure was described by Brindley (A*er. Mit-
1956, 41, 9l). Both the Baluchistan and type allevardites were
Iormed as skin-like aggregates of flakes, and specimens of natural
minerals gave hkl reflections on X-ray-diffraction PhotograPhs.
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The appearance of these reflexions depended on the previous dis-
persion state of the specimen, and discrete reflexions were replaced
by diffraction bands in patterns from specimens made from suspen-
sions of fully dispersed flakes.

Measurements of the efiect of charge density on lattice expansion
of allevardite, beideltte and vermiculite showed that the volume
occupied by inter-layer water or organic molecules decreased as the
charge density of the expanding layers increased. With interJayer
ethylene glycol the contraction of the lattice was accompanied by
reorientation of the glycol molecules. The beidellite had a charge
density of 0.46i SinO,o, intermediate between those of the other two,
and showed a complex arrangement of ethylene glycol.

The electron microscope showed that the t1,pe mineral was com-
posed oI large flakes with folded edges and nirrow folded ribbons.
The electron micrographs showed that the ribbons rvere flattened
helical spirals, and thus had been present as helices in suspension.
B-allevardite was composed of flakes oI equally large area, l0-4O pr

were characteristic dimensions, but had no ribbons, and the flakes
rvere not folded.

The thickness of the thinnest flakes of allevardite and beidellite,
freed from finely dispersed material, were measured directly from
shadowed electron micrographs. The thinnest flakes of allevardite,
calculated fro-m shadow lengths, were 18 A. thick, and those of
beidellite, 14A., which is direct evidence that flakes consisting of
double 2: I units for allevardite and single 2: I units for beidetlite
w€re present in suspension. Other experiments demonstrated that
all:vardite flakes were easily dispersed completely, but with beidel-
lite, in common with other smectites, this was rarely achieved.
Increase in the thickness of the metal shadowing in the micrographs
increased the apparent flake thickness, and ttds in part explaGed
the discrepancy between the thickness of beidellite flakes miasured
from micrographs, 14A., and from X-ray-diffraction pattems,
9'7 A. The existence of the double-laver simcture in alievardite
'rvas demonstrated directly in one eleciron micrograph where the
shadows of two g-A. edgis merged at either end tb form single
shadorvs of an l8-A. edge. Double edges were common in the
folded allevardite, and resulted from cleivage along the mica-like
interface_relieving the stresses developed during the fllttening oI the
helical ribbons. (\\'eir.)

Cr.ly Mrxrnerocy
Several visitors sere given instmctional courses in X-rav

diffraction and its application to clay-mineral studies. To lessen
the work involved in future, a series of instruction sheets is beine
prepared. Eventuallv it will cover the basic concepts and applical
tions of X-ray diffraction to clay mineralogy, aiid it wili 

-both

save time now and provide a permanent record of the course.
(Brown.)

G. frown is editing the new edition o! X+a1, Ide if.cation atd
Clyslal Sttuc.tur?s of Clay Minerals published by the Mineratogical
Society and is contributing the chapter on " Other Minerats ". -
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Soils and sediments

ltanv clav fractions from soils and sedimentary rocks were
analysed. They include samples from Tanganyika (10), Kenya (2),
Bonieo (15), Basutoland (7), Sudan (6), Jugoslavia (7), Uganda (a).
Malaya (4), Swaziland (19) and Britain (84). Of these, 38 were
examine<i inder the Colonial Office scheme for analltical assistance
to overseas territories. Clay fractions from soils and clay minerals
being studied by members of Rothamsted staff and others were also
examined.

At the suggestion oI P. H. T. Beckett (Oxford) some samples of
Cretaceous rocts taia down under desert conditions were examined
for palygorskite, but none was found.

aftei the interesting results on the Downtonian from the \Yest
ltidlands reported last year (Rep. Rolharnst. er|. Sta. for 1958, p. 63)
many specimens of Old Red sediments were collected from that area.
The 

'vahability of the clay mineralogy, both laterally and vertic-
altv, is being siudied in the hope of relating it to sedimentation con-
ditions. The study witl also provide useful information on the parent
materials of a group of very fertile soils. The speci?ens- so.far
examined show- thJt the clays are fair\ welt crystallised. (Du
Feu.)

Further investigation of the Ukiriguru catena (Rrr. Rolhamsl-
erb. Sta. f.ot 1958, p. 63) showed that all the soils of the sequence had
er'.nite "r 

their uliimate parent rock. The soiJ clays in the uPPer
i"rt of the catena are relativelv rich in mica, which does not occur
in a specimen of weathered granite lrom the tor. Kaolin is the on.ly
clav mineral identified in the rock material. The leaching condi-
tiois on the tor are probably such that potash set free from leldspars
is immediatelv removed, ihus preventing the Iormation of mica,
which can, however, accumulate in the soils belou'. (Muir, Du Feu
and Stephen.)

Affaruh+s
Preliminary work showed that the X-ra]' difiractometer- can be

adapted for use as a spectrometer for X-ray fluorescence analysis.by
alterine the collislalion svstem. In vieu' of the undoubted im-
oortanie of this method 6f analvsis, advantage rvas taken oI the
;daDtabilitv of the instrument to gain some experience of the method.

An attempt was made to build a suitable camera Ior determining
the iron conient o{ materials by non-dispersirrc X-ray fluorescent
analvsis. The apparatus would be simpler and less expensil'e than
that" normallv ui6a. tle fluorescent radiation was measured by
photometering the X-rav film exposed in the beam. Unwanted
icattered radi-ation interfires seriously, but by using suitable filters
and Geiger counters it should be possible to surmount the dim-
culties.

In modifying the old electron microscope for pedological studies'
the 6rst requirement rA as to obtain aI electron beam as narow as

oossible. Il{oderate success was achieved in converting the machine
into a two-lens X-ray proiection microscope, and a fairly good
definition obtained. ihi piesent electron biam is in the region of
10 p, and further work will be done to bring this to I p or less,
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ocused as far outside the lower lens as possible. This will then
nable the X-ray microscope to be used as an electron probe.

Prrnocnaptrv AND MrcRopEDoLoGy

Latosolic red sofu and an associated yellow soil {rom Mount
Zomba, Nyasaland, are derived mainly fiom syenite. The soils,
however, have somewhat different mineralogical'compositions and,
in particular, the yellow soil conta.ins more ulweathered primarv
minerals, e.g., feldspars and homblende, than the re<i. fhis
sugg-ests that the soils differ in their weathering regime, or that the
red have been weathering for longer. The former-possibility seems
the more likely, as the soils appeir to have a cateriarv relaiionshio
with the red soils occuplng the higher topographic sites and thi
yellow soils occurring in depressions. Thi h-unius forms also in-
dicate a.difference in weathering regime, mull humus being asso-
ciated with the red soils, whereas the yeUow has a mu[-like-moder
humus cover. Thin-section studies show the breakdowa of orimarv
minerals to clay-sized materials, but give no evidence of anir trani-
location of clay within the profiIes. - This contrasts with "red-soil
formations Irom Kongwa and Nachingwea in Tanganyika, derived
from material of Basement Complex origin, in whlich-there is evi-
dence of clay migration and its atcumulitions on the walh of pore
spaces (cf. Rep. Rolhamst. etf. Sla- lor 1958. p. 62). The red ioils
from Zomba appear to correspond closelv to ihe (tateritic) roterdes
as defined by Kubiena (Soits of Eutope, l95B). (steihen and
Osmond.)

Pxysrcer Cgrurstny oF SorL MTNER.{LS

Oplical plo?e ies of clays
The rvork described last year was continued. In lhe studv of

methods to deterrnine the birefringence of clay aggregates, an-irn-
proved microtome technique enabled uniform clay ie'ctilon. of k roo,
thickness to be cut. The birefringence of seitions can thus be
estimated directly from their optical retardation. With simplifica-
tion the method is suitable {or routine use. Optical studies'of the
highly disordered hydrous micas showed that ihese minerals form
mixed layer comple-res l'ith aromatic molecules and up to half the
layers expand. Evidence is accumulating that thes'e exoandine
layers resemble those of montmorillonites "more 

than those'of veri
miculites; i.e., if the expanding part of the hydrous mica cnstals
were retular, they would gir.e X-ray spacings bf lg A. rathei than
14 A. with glycerol.

Surjace studies on cl,ays

. Work on several_ topics mentioned in previous reports wa.s com_
pletld, and the.results hre being prepared for publicition.

The increasing use of the B.E.T. apparatis to measure surface
gea,s m. de it- desirable to modify the somewhat tedious procedure.
A simple and compact apparatirs was desigaed and bJilt and is
provrng 

-most satisfactory. Forty to sixty samples can now be
measured using one container of liquid nitrogen over a period of a
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week, and its accuracy is not sitnificantly less than the more complex
unit. The apparatus is being used to study the fnest inorganic
fractionsof soils. (Greene-Kelly.)

Cl.ay mineul gnthesis
The apparatus for high-pressure slmthesis was much more

reliable this year and a series of experiments at 250' and 35O" C.
yielded products in which crystalline phases could be identified by
X-ray analysis, including kaolinite, montmorillonite, analcite, para-
gonite, boehmite, chlorite and amesite. The products were also
examined by difierential thermal analysis and by electron micro-
scopy and one by electron difiraction-a method it is hoped to use
more often in the future. The products and any particle size frac-
tion thought likely to be a nearly pure mineral, such as the coarse
and fine fraction of one preparation which were almost pure para-
gonite and analcite respectively, were analysed chemically.

The paragonite formed difiered from the 2M natural material
and was later shou,l to resemble s,.nthetic lM material prepared by
Yoder and Eugster (Eugster private communication). 

-Orie 
of thi

minerals formed Irom silica-alumina gel and magnesium hydroxide
had an X-rayd.iffraction pattern simi-tar to kaolinite, but with a
basal spacing of 7.O4 A., suggesting the presence of a-mesite (Brindley,
Oughton and Youell, ./ cla Cryst.4,552_, glve 7.00 A.; Steinfink and
Brrnton, AclaC/ts1.9,487, give 7'02 A.). (Rayner.)

SPEcrRocIlEMtsrRy

Determinations are being made on the general levels of minor
elements occurring in selected sedimentary deposits and in soils
derived from them, with attention to the distribution of the elements
in the difierent particle-size fractions. Analysis of the liquids used
during mechanical fractionation, and of the Iractions themselves,
showed that losses to solution are usually small. In the soils studied,
losses of Ba, Cr, Ga, V ard Zr were negligible; this was also so rrith
Sr in non-calcareous soils. Rather greater losses may occur with
Co, Cu, Mn, Ni, Pb and Zn.

In a London clay soil the concentrations of Co, Cr, Cu, Fe, Ga,
Mn, Ni and V tend to increase down the profile. The bulk of these
elements resides in the clay fractions, and their concentrations in
this remain fairly constant; but in the sand and silt fractions they
increase considerably with depth. The movement of these elementi
in this soil seems independent of clay movement, and their accumula-
tion at lower levels takes the form of a deposit on the coarser
particles and not on the clay. This is confirmed by a strong Fe
staining oI the sand grains (y' Soil Chemistry, below).

A comparison of levels of organic carbon in specimens of London
clay and Lower Lias shales suggests why grey London clay weathers
brown and Lias shales do not. Measurements on many specimens of
Lias shale showed that in most organic C was well above I o/o and
in many above 5o/.. No specimens of grey London clay, however,
contained more than 0.5o/o organic C; furthermore, in a London
clay soil, brown clay at ll feet contained 0.1%. This suggests that
where clay or shale contain enough fossil organic matter, reducing

E
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conditions are mainta.ined, as in the Lias; but the London clay
seems to contain too little to keep all the iron in the ferrous form.

Some spectrographic measurements were made on suspected
heary metal coutamination in sewage sludge. Several had
abnormally high ler,els ol Zn, Cr and Ni, and it seems the trouble
these elements caused was ag8ravated by the exceptionally dry
summer increasing their concentration in the residual soil moisture.
(I-e Riche and Burnett.)

SorL CHEMTSTRY

Tlu efect of soil ualerlogging

The ratio of soil to water in a flooded soil profoundly afiects the
extent to which iron compounds are converted to water-soluble
forms. After 2-3 weeks incubation with a large excess of water, the
solution may contain amounts of iron in excess of lo/o of the weight
of the original soil; incubation of the soil at about water-holding
capacity converts only a fraction of this amount of iron into a water-
extractable form, At capacity, however, extraction with molar
ammonium acetate solution at pH 7 removes a further quantity of
iron, and yet more is removed at pH 3. The amount removd at
pH 3 is commonly the greater part of the total amount rendered
soluble, and with some soils the total extractable iron is com-
parable with the amount dissolved by incubation with a large excess
of water. Nickel and cobalt behaved similarly in experiments on
soils containing abnormally high concentrations of these elements.

All the iron rendered soluble might be removed from a soil in-
cubated at low water content by prolonged leaching with water,
because extraction of field samples of sulphide-free gley soils at pH 3
yields very little ton, but experience with laboratory preparations
indicates that, if this is so, the leaching would take a considerable
time.

Considerable difficulty was experienced in obtaining field
samples of gley soils free from ferrous sulphide, or excessive amounts
of reprecipitated ferric oxide, and no completely suitable material
has so far been found. Results obtained with the least unsuitable
soils indicate that ]/ery little of the residual iron is present in the
ferrous form.

The mobilisation of minor elements in flooded soils was lurther
studied. The avai.tability of soils containing appreciable amounts
of particular minor elements has dictated the choice of elements
studied. Mn, Zn, Pb, Ni, Co, Cu, Cr and Mo are mobilised to various
extents and, as with iron, whereas some of the solubilised material
can be extracted with water, additional amounts can be leached from
the incubated soil by a solution of ammonium acetate. Mo behaves
difierently from the other elements studied, and less is extracted at
the lower pH value.

Copper oxide is readily dissolved by aqueous grass extracts, aod
the process appears to be non-biological; in fact, the presence of
appreciable amounts of Cu appears to inhibit microbiological action,
and thus largely prevents the solution of other elements. Increasing
the amount of fermentable plant material in the reaction mixture
greatly decreases the amount of copper mobilised. This anomalous
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efiect appears to result from the sorption of dissolved Cu on the
insoluble fraction oI the plant material.

Only little Cr dissolved when soil containing appreciable quan-
tities of chromite were flooded, perhaps because of the refractory
nature of chromite rather than of an intrinsic property of chromium.

Reoxidation and drying precipitates the bulk of the mobilised
iron, and the minor elements are co-precipitated \irith the ferric
oxide thus formed; however, appreciable quantities of the minor
elements may still be extracted by neutral ammonium acetate-in
general, more tharr can be extracted from the origind soil. (Bloom-
field, Greet and Ng Siew Kee.)
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