SEM-EDXRA AND/OR IMMA ANAL YSIS OF CUTANS,AN
INDURATED HORIZON AND CLAVYIFIED ROOTS IN THIN
SECTIONS OF SOME DUTCH SOILS

by
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{.- Introduction, -

During the past years a series of experiments have
been carried out to complement in situ microchemical ana-
lysis of thin sections made possible with the iEMA, elec -
tron microprobe analyzer (Bisdom et al., 1.975, 1.976,
1.977). Chemical elements of atomic number¥ 5 can be ana
lysed by EMA with a magnification up to about x500, Our
work was concentrated on SEM-EDXRA (Scanning electron
microscope~-Energy dispersive X-ray analysis) and IMMA.
{ion microprobe mass analyzer).

SEM-EDXRA, -

The scanning electron microscope (SEM) produces
seemingly three-dimensional images using secondary elec_
trons emitted from the surface of a sample after bombard-~
ment with a primary electron beam, SEM alone is not able
to measure chemical elements but this can be done by com
bination of SEM with either an energy dispersive X-ray
analyzer ( ZDXRA) or crystal spectrometers, Initial re -
sults of this work were presented at the "First EDAX Euro
pean Users Meeting!! at |_iege, Belgium (Henstra et al. 1.973),
and a description of the methods of analysis with different
applications was treated in a [ater publication (Bisdom et
al, 1.975}.

Only heavier elements (Z ) 11) can be analyzed using
SEM~-EDXRA. However, unlike EMA, analyses can be ma_

(1) Soil Survey Institute, Wageningen, Netheriands,
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de on both polished surfaces and loose soil material at
magnifications from x20 to %10 000, with simultaneous mea
surement of all elements.

EMA and SEM-EDXRA. -~

Tests were carried out with EMA and SEM-EDXRA,

to compare -the performance of both instruments on the sa-
.me material {Bisdom et al,.1.976), One of the samples tes
ted consisted of erganic matter, excremants, mineral grains
and clay sized material,. it appeared that heavy elements
- goutd be bester analyzed with SEM-EDXRA In this type of
material, whereas jight element.detection with EMA was
oniy possible for exygen in this case, C cpuld not be mea
sured with EMA because the surface of the. insulating soil
material was covered previously with C for analysis with
SEM-EDXRA, and N couid not be detected, In a tested
iron-manganese nodule, however, EMA measurements ol
heavy eiements were better than those obtained with SEM-
EDXRA (Bisdom et al., 1.976).

IMMA | -

The ion microprobe mass anatyzer accomplishes the
analysis of a microvolume in a thin section of a soil by
bombarding the surface with a high energy beam of ions
which causes the atoms at the surface of the sample to be
sputtered away; A fraction of the sputtered particies is
ejectrostatically charged and these sputtered ions {secon=
dary ions) are collected and analyzed according to their
mass to charge ratio in a mass specfrometer, This general
idea was introduced by Castaing and Slodzian (1.962), re-
sulting in the development of a direct imaging secondary
ion microscope with a non-focussed stationary ion beam
as described by Rouberol et al. (1.968) and Socha(1.971).

IMMA was introduced in soil micromorphology (Bis -~
dom et al., 1.977) because it can offer six features (Liebel,
1.975) which to a large extent can not be performed by
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either EMA or SEM-EDXRA, viz,: .
- elemental analysis (all elements of the periodic system
can be measured).
- trace concentrations {ppm and frequently even ppb con
céntrations can be detected in the thin section).

- trace amounts (as little as ?O”sg‘of sample material can
yield a measurable mass peak).

- depth concentration profiting {determination of concen
trations as a function of depth with a resolution of
50 ;E’ while the sample is continuously eroded under-
ion bombardment, giving three dimensional informa -
tion on the sample). :

isotopic analysis {isotopic abundance ratios can be mea
sured with high accuracy without infiuence of any ma_
trix effect).
- compound analysis { a number of compounds have been

measured so far with this technique).

" Some examples of SEM-EDXRA and IMMA measure
ments on soil _material are presented in this paper. The
examples are treated separately and at the end of each sub
ject conclusions are given, For obvious reasons only a ve
ry small nomber of figures and data can be included,

2. - Homogeneity of fine grained soil materials in cutans
and intergranular braces, ~

Introduction .

Light microscope studies of fine grained materials
in cutans and intergranular braces frequently show certain
uniformity. To investigate whether this homogeneity really
exists examples of such soil materials were investigated
submicroscopicaily, i.e. with SEM-EDXRA. The samples
are taken from B horizons of three soils which are respec
tively {Soil Survey S taff, 1.975) a Haplohumod near
L_ochem, a Humaquept near Horst, and a Haplaquod near
Groenlo. in the Dutch soil classification (de Bakker and
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Scheliing, 1.966) the first soil is termed Uaar!t podzol
and the latter two "Weld! podzol.

SEM-EDXRA analvsis,
a. Haplohumod

The B horizon of this soil is characterized by light
brownish fine grained and homegeneous cutans and infillings
between coarser mineral grains. In this material Si, Al
and Fe were dominant, whereas K and Ti occurred in small
guantities. Point analyses along traverses were made
which revealed true homogeneity of the material because
of a constancy in the measured element-specira. it is po
ssibfe, however, that humus ‘is not homogeneousiy distriby
ted throughoui ihe cutanic maierial, but this cannot be
checked with SEM-EDXRA as lighter elements cannot be
measured. '

b. Humaquept.

In this soil material most guartz grains are covered
with oriented brownish-red fine clay-sized cutans, whereas
intergranuiar braces of similar colour consist of clay=-si -
zed material and some siit-sized grains. Cutans of the sa
me composition as the latter occur on a part of the quaritz
grains. In Fig. 1A an example is given in which a cutan is
seen on the jeft quariz grain.

Si and Fe were found in cutans consisting of clay-si
zed material, together with some Al and K and sometimes
Ti {fig. 18}. The clay~sized material of the intergranular
brace had a simifar composition, except that the gquantity
of Fe was somewhat higher and in some point analyses Ca
was found., Similar results were obtained atong other tra-
verses,

c. Haplaquod.

A number of dark brown cutans exhibit homogeneity
with the light microscope. In reality however, organic ma
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tter may veil the occurrence of clayey materials and often
mineral compounds. The result is that light microscopic
studies of these types of cutans are subject to conjecture.

SEM-EDXRA point analyses were made on a number
of traverses. Al, Si and Fe were the principle elements
with smaller quantities of K, Ca and Ti. Considerabie di -
fferences in the height of the peaks representing elements
in the spectra were found throughout the cutans,

Conclusions.

Three examples of cutans from B horizons of a Haplo
humod, a Humaquept and a Haplaquod, showing a homoge -~
neous appearence in the light microscope have been inves_

" tigated with SEM-EDXRA. The cutan in the Haplohumod

was homogeneous, exhibiting identical spectra of chemical
eslements (Al, Si, K, Ti and Fe) at all analyzed points.

The clay-sized cutans in the Humaquept appeared al
so to be homogeneous as did the intergranular braces al
though the latter have a slightly different composition (so-
mewhat higher Fe and in some parts Ca). »

The third example was an § examination of a cutan
which under the light microscope gave the impression of
consisting of humic material, SEM-EDX{RA measurements
indicated, however, with relative certainty, that clayey
material and iron compounds were also present in various
ratios throughout the cutan.

3. - High Ai-concentrations in a Haplaquod -

introduction

Conventional chemical analysis of loose soil material
demonstrated high Al concentrations in a Haplaquod (veidn
podzol) near Groenlo, Netheriands. The B-horizon of this
soil is strongly indurated a feature assumed to be caused
by the excess of Al in the soil, If Al was responsible for
the induration, high concentrations of it would be expected
in the intergranuilar braces.
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SEM-ZDXRA measurements on thin sections of this
soil material demonstrated that Al, Si, K and Fe were pre
sent in the intergranular braces, but the quantities were
not very high. However, preliminary analyses pointed to
a dominant role of organic matter in the concentration of
high Al contents in the Haplaquod, )

Knowing this, the following types of materials occu-
rring in the profile, were analyzed:

~ The organic matter in the O, horizon.

-~ Organic matter in root mats,

-~ dark brown free grain cutans and infiflings of inter

granuljar spaces,

- reddish free grain cutans, predominantly conslisting of

- amorphous humus.
9, horizen

Some humified plant remains, fungal fruiting bodies.
and faecal peliets were analyzed with SEM-EDXRA. Al
and Si were the main elements, Ca was found in small
amounts, whereas Fe occurred sporadically in very small
guantities. Hailf of the points analyzed showed a higher
than normal Al concentration.

Organic matter in root mats,

Several of such predominantiy strongly humified root
mats are present in the B horizon of the investigated profi
ie. SEM-EDXRA anaiysis performed o several mats bet-
ween 15 and 50 cm depth revealed that the Al concentration
was high, with peaks over three times the height of those
of Si (Fig. 2A), whereas Al normally has a peak height
twice that of Si {Fig. 2B) in this material. The fowest Al

_ concentrations found were those in which peak heights for
Al and Si were the same (Fig. 2C).

It should be noted that high Al concentrations were
not found {except in one point analysis) in the strongly hu-
mified root remnants occurring in the A, horizon.
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Dark brown free grain cutans and infitlings of intergranu-
lar spaces, -

e s s o o i a5 G > G

This is the type of material described in section 2c
where the homogeneity of dark brown cutans was discussed,
Al concentrations are again much higher than normal, i.e.
usually at least equal peak heights for Al and Si (Fig. 2C),
and in occasional points Al peaks double the height of tho-
se of Si.

Réddish free-grain cutans, predominantly consisting of
amorphous humus, —

SEM~EDXRA aﬁaryses of the fine soil material exhi_
bit normal peak heights for Al, viz. half those of Si (Fig.
2D), varying quantities of Fe, some K and sometimes Ca
or Ti in very small amounts,

Conclusions.

The analyses show that Al is concentrated mainly in
the strongly humified root mats, Significant amounts of Al
are also found in the dark brown cutans and infillings bt
these occur only locally. By contrast, the Al content is
normal in the thin reddish free grain cutans which envelop
nearly all skeleton grains., From these facts it may be con
ciuded that/.l is not the indurating agent in the B horizon
of the Haplaqued.

4, - Clayified roots, -

Introduction,

The concept of clayified root was introduced in soil
micromorphology by Parfenova et at,@ (1.964). According
to these authors the phenomenon was rare and probably
caused by a more complex process than a simple infilling
of the root with material moved from other parts of the pro
file. They envisaged reactions between colloidal solutions
-introduced into the root tissue without disturbing its ana

747



SEM-EDXRA AND/OR IMMA ANAL YSIS OF CUTANS

tomical structure — and decomposition products of the deca
ved root itself, leading to the formation of secondary clay
minerals inside the root.

The mechanism enabling the formation of this "bioge
nic! or Yorganic clay' was suggested by Polynov {1.956},
and Kononova (1.961). In this model adsorptive compounds
were formed by combination of organo-mineral (A1, Fe,Si)
complexes and clay minerals. The adsqutive compounds
were named Yargyllite" by Kononova (1.961) and considered
to be of biogenic origin by Parfenova et al,. {1.964).

Description of clayified roots in a Dutch humaqguept

Cilayified alder roots were found in a Humaquept near
Bathmen, Netherlands. The roots consist of humified rem-
nants of the original tissue and yellow to brown rather ho
mogeneous fine grained material (Fig. 3A). In the latter
oriented clayey substance could be discerned at several
places (Fig. 3B).

SEM-EDXRA and IMMA analyses,

Initial analyses of clayified roots were made with
SEM-EDXRA. All point analyses showed Al, Si, K, Ca,
Ti and Fe, whereas about haif gave S and Cli in addition.
Al and Si were the main components and Si the principal
one. Fe was present in small or moderate amounts, whe
reas S, Cil, K, Ca and Ti were found in small or very
smal! amounts. These data thus provided information on
the nature and distribution of heavier elements in the cla-
yified root, but no light elements specific for organic ma -
tter could be measured with this instrumentation. After
comparison of SEM-EDXRA and EMA measurements {8is -
dom et al,. 1.976), IMMA was used for analysis of orga -
nic material in thin sections (Bisdom et al., 1.977). For
technical information the reader is referred to the papers
quoted in the introduction.
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Analogue ion spectra and ion images,

IMMA analogue ion spectra were made from points
and ion images from areas in the clayified root. Positive
ion spectra demonstrated H, Li, B, C, N (with some CHZ),
O, Nay Mg, Al, Si, P, S {(with some O,), K, Ca, Ti, V,
Cr, Fe, Mn and Ni whereas the negative secondary ion
spectra exhibited H,C, O, F, Cl, as well as molecular
fons of OH, CH, CgH, CN (with some CyHy) and CO (Bis
dom et al,. 1.977).

2

Positive ion images were made of 1HM (Fig. 4), ! c,
T4y, 180, 23Na, 24Mg, 27A1, 28si, 2''p, 3%, 40ca, 487,
52Cr‘, S5\ and 56Fe, and negative ion images from 7H,
12c, 24¢c, 3¢, 160, 19F and 35C). The digits refer to

mass numbers.

Conclusions,

The following conclusions can be drawn from these .-
IMMA,, SEM-EDXRA and light microscipic data.

Light microscopic observations showed in situ forma
tion of clayey material at some sites in the alder root. So
far no X-ray diffraction studies could be made of the mate
rial in the root. Anaiyses with IMMA indicated a rather ho
mogeneous distribution of elements throughout the clayified
reot, independent of measurements done in areas with new
ly formed clayey material or sites with rather high percen
tages of decayed root tissue. This possibly indicates that
organic compounds, apart from the few pieces of visible
organic matter, are also present in areas with newly for
med clay. This agrees with the hypothesis of Parfenova et
al., (1.964) which suggests that organic matter may play
a role during the formation of secondary clay minerals. it
remains an open question, however, whether this {s an ac_
tive role leading to the formation of biogenic clay (Parfeno
va et al, 1.964), or a passive one whereby the organic
components only represent one of the factoros in an environ

#) -ydrogen is measurable with IMMa but not with SEM - EDXRA
and EMA
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ment favourable for the formation of secondary clay mine -
rals.

SUMMARY

Cutanic material often has a homogeneous appearan
ce when examined with the light microscope. SEM-EXDRA
measurements reveal, however, that if organic matter is
present it may conceal heterogeneous distribution of other
compounds.

SEM-EXDRA showed also that induration of the B
horizon of a Haplaquod is not causes by the high Al con-
tent present in this soil. This Al appeared to be mainly
concentrated in the strongly humified root mats occurring
in this soil.

L_ight microscope investigations of clayified roots
showed evidence of newformation of cilayey material. IMMA
and SEM~EXDRA analyses of the fine grained brownish
substances occurring in these roots revealed that organic
compounds are present together with a large number of
heavier elements. This suggests that organic compounds
can play a rele during newformation of clayey material.

Figures

Fig, 1 SEM-EDXRA techniques applied to a thin section of
a Humaquept, near Horst, Netherlands, {A}. Cutan
on quartz grain with adjoining intergranular braces,
(B), Al, Si, K, Ti and Fe measured in the cutan,

Fig. 2 SEM-EDXRA analysis of a Haplaquod, near Groenlo,
Netheriands, This soil exhibits various degres of Al
concentrations {A-D), {A), Al-peak over three times
as high as that of Si_ {B), Al-peak about twice as
high as Si, {C). Al and Si peaks are equally high,
(D). Al-peak height half of that of Si {compare text],
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Fig, 3 Clayified root in Hymaquept, near Bathmen, Nether-
tands, (A), Fine grained material in normal transmi-
tted light, {B), The same image under crossed nicols,
exhibiting booklets of newly formed clayey material,

Fig, 4 IMMA ion image of H{' in the clayified alder root,
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