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Abstract-The effects of NaOAc removal of carbonates, H20 2 removal of organic materials, and sodium 
citrate-bicarbonate-dithionite (SCBD) removal of iron oxides upon the X-ray powder diffraction (XRD) 
characteristics of clay minerals present within weathered volcanic ash deposits were examined. All pre
treatments of samples derived from the Ae and Bhf horizons containing volcanic ash resulted in dramatic 
increases in XRD peak intensities, while the treatment of IIC-horizon samples resulted in subdued XRD 
peak intensities. Also, the chemical treatments produced an apparent increase in the amount of expandable 
clay minerals within the Ae horizon, due probably to the hydrolysis and removal of interlayer AP+ when 
H20 2 and SCBD were used. Hence, poorly ordered and pedogenically modified vermiculite or vermiculitel 
montmorillonite interstratifications became "weathered" by H+ attack and Api- removal in a manner sim
ilar to the natural processes which take place in the acid and eluvial A horizon. In addition, possible XRD 
peak modification due to the dilution of crystalline clay concentrations 'by amorphous clay-size material 
appeared to be subordinate to the laboratory-induced chemical alteration of the weathered clay mi~erals. 

Key Words-Amorphous, Chemical treatment, Soil clay, Vermiculite, Volcanic ash, Weathering, X-ray 
powder diffraction. 

INTRODUCTION 

Procedures commonly used for X-ray powder dif
fraction (XRD) identification of clay minerals include 
some form of chemical pretreatment of clays or clay 
slurries. The rationale for chemically treating soil clay 
minerals is to obtain "clean-sharp" XRD peaks which 
are unobscured by extraneous organic, carbonate, or 
iron compounds (Jackson, 1973). In addition, chemical 
treatment of clay minerals is used to enhance the dis
persion and separation of clay-size materials from sand
and silt-size materials (Brown, 1961). Perhaps the most 
widespread and accepted procedures are those outlined 
by Jackson (1973) for the removal of organic, carbon
ate, and iron oxide materials. 

The use of chemical treatments to remove non-clay 
materials is desirable because their presence may pro
hibit the parallel orientation of the mounted clay and, 
therefore, reduce XRD peak intensity . In addition, 
coatings of carbonate or iron oxide may act asce
menting agents, possibly holding dissimilar clay mate
rials together (Gibbs, 1967). Townsend and Reed 
(1971), for example, found that the removal of iron ox
ides exposed previously "masked" peaks and in
creased XRD peak intensity, as well as the number of 
clay-size particles in the sample. The identification of 
crystalline clay minerals in samples containing large 
amounts of amorphous material is also difficult. 
McKyes et al. (1974) conclUded that the removal of 
amorphous materials not only produced a soil of "dis
crete and clean" mineral particles, but that the XRD 
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peaks of treated clays did not change in intensity, al
though they were much sharper than the XRD peaks of 
untreated clays. 

However, such treatments prior to XRD analysis are 
not without question. Harward et al. (1962), for ex
ample, concluded that treatments for iron removal and 
dispersion affected the characterization of chlorite, 
montmorillonite-type minerals, vermiculite, and inter
grade components. In addition, they found that in
creases in the degree of expansion upon solvation and 
in the degree of collapse upon K -saturation and heating 
were related to the severity of the treatment. Douglas 
and Fiessinger (1971) established that the use of H20 2 

to oxidize organic matter causes a degradation of the 
XRD peaks of some standard soil clays. Harward and 
Theisen (1962) found that SCBD and NazC03 treat
ments to remove iron and disperse clays not only in
creased the number of clay species that could be iden
tified , but also increased the likelihood of identifying 
montmorillonite. Furthermore, these authors arrived 
at the disconcerting conclusion that clay minerals iden
tified by XRD techniques may be arbitrary and empir
ical, for they found identification to be dependent upon 
the particular combination of specimen carrier, satu
rating cation, particle-size, method of iron removal, 
dispersion reagents, and even the chance peeling of 
specimens. 

Although chemical treatments of standard clay min
erals have the capability of "manufacturing" clay as
semblages which are not representative of soil-clay sys-
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tems, a detailed examination of the effect of chemical 
treatments on soil clay minerals derived from the 
weathering of surface mixtures of volcanic ash and till 
materials has not been reported. Also, in view of the 
possibility that the striking similarity of clay mineral 
distributions identified within the volcanic ash-derived 
surface materials of the Western Cordillera may be 
more artificial than real (Brewster, 1979), it becomes 
increasingly important to determine possible labora
tory-induced alterations of existing clay mineral assem
blages. Even though some form of treatment may be 
necessary for clay dispersion and separation (Jackson, 
1973), it is desirable to identify and characterize clay 
minerals as they exist in situ. In view of the possibility 
of clay mineral alteration resulting from treatments 
used to obtain "clean-sharp" XRD peaks, an experi
ment was devised to examine the effects of specific 
chemical treatments used individually and in combi
nation upon the XRD characteristics of clay minerals 
present within mixtures of volcanic ash and till. 

MATERIALS AND METHOD 

For this experiment, the <2 /-tm clay-size fractions 
were extracted by centrifugation from the mineral ho
rizons of Pedon 6, located in the Mount Edith Cavell 
meadows of Jasper National Park, Alberta, Canada 
(52°42'N, 118°02'W). The horizons consist of varying 
proportions of volcanic ash, till, and colluvial materials 
(Brewster, 1979). Chemical and physical characteris
tics of this pedon resulted in an Orthic Ferro-Humic 
Podzol (Typic Cryorthods) classification according to 
the strict application of the Canadian system of soil 
classification (Canadian Soil Survey Committee, 1978). 
Clay samples obtained from each of the four mineral 
horizons comprising this pedon were subjected to the 
following pretreatment or series of pretreatments, re
sulting in eight subsamples from each original clay sam
ple: 

1. Untreated. 
2. Hydrogen peroxide removal of organic material 

(Jackson, 1973). 
3. Sodium acetate removal of carbonates (Jackson, 

1973). 
4. Sodium citrate-bicarbonate-dithionite (SCBD) re

moval of iron oxides (Jackson, 1973; Mehra and 
Jackson, 1960). 

5. Sodium acetate removal of carbonates followed by 
hydrogen peroxide removal of organic material. 

6. Sodium acetate removal of carbonates followed by 
hydrogen peroxide removal of organic material fol
lowed by SCBD removal of iron oxide. 

7. Hydrogen peroxide removal of organic material fol
lowed by SCBD removal of iron oxide. 

8. Sodium acetate removal of carbonates followed by 
SCBD removal of iron oxide. 

For each of these eight subsamples, XRD patterns 
were obtained for the following conditions: Mg-satu
rated and then air dried (Mg-ADPO); Mg-saturated and 
then saturated with ethylene glycol (Mg-GPO); K-sat
urated and then air dried (K-ADPO); K-saturated and 
then heated to 350°C for 0.5 hr (K-350°C); and K-sat
urated and then heated to 550°C for 0.5 hr (K-550°C). 
This series of pretreatments and the XRD procedures 
resulted in 40 XRD patterns for each mineral horizon. 

All samples were mounted according to the suction 
method of Kinter and Diamond (1956) using the modi
fication proposed by Rich (1969). The amount of clay
size material on each porous plate was uniform (186 
mg), while the thickness and density of the mounted 
clay were controlled as much as possible in order to 
obtain a uniform distribution across the porous plate. 
The calculated density of the clay layer examined was 
approximately 14 mg/cm2, producing the optimum 
thickness corresponding to a starting angle of 35°2(J 
(Rich, 1975). It is importantto note that for each mount
ed sample, the amount of clay used and the clay density 
were controlled as much as possible. By controlling the 
amount of material mounted on each porous plate and 
its distribution across the plate, both intra- and inter
sample examination of clay mineral XRD characteris
tics as revealed by peak size, shape, and location was 
possible. The samples were examined using Ni-filtered 
CuKa radiation and a General Electric XRD-5 diffrac
tometer with a scanning speed of 2°/min. Figures 1 
through 4 depict the XRD traces obtained for the Ae, 
Bhf, lIBf, and IIC horizons of Pedon 6. 

RESULTS 

Material composition 

Detailed particle-size and petrographic analyses of 
Pedon 6 revealed that volcanic glass shards comprised 
approximately 53% of the material examined between 
150 and 31.2 /-tm in size. The glass shard morphology 
andconcentrations(clearglass = 5%;stretchedglass = 
4%; stretched-vesicular glass = 4%; fine-vesicular 
glass = 19%; and coarse-vesicular glass = 21%) are 
comparable to that of the St. Helens Y volcanic ash 
(Brewster, 1979). This ash originated from an eruption 
at Mount S1. Helens in southwestern Washington ap
proximately 3350 years BP (Crandell et ai., 1962). Oth
er volcanic ash materials identified in the Mount Edith 
Cavell meadows of Jasper National Park, but not within 
Pedon 6, include Mazama ash and Bridge River ash, 
originating from eruptions dated at 6600 years BP and 
2450 years BP, respectively (Fryxell, 1960; Nasmith et 
ai., 1967). The non-volcanic ash soil materials are com
posed of locally derived till or colluvial deposits. De
glaciation of this area of the Canadian Rocky Moun
tains is commonly considered to have occurred 
approximately 10,000 years BP (Rutter, 1972). If the 
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Figure 1. The effect of (a) individual treatment and (b) com
bined treatment upon clay mineral XRD characteristics ofthe 
Ae horizon, Pedon 6. 

subsoil materials are colluvium, these materials are of 
variable age, having been deposited between the time 
of deglaciation (lO,OOO years BP) and the time of the 
oldest ashfall identified at the site (St. Helens Y, 3350 
years BP). 

Ae horizon 

The volcanic ash-derived Ae horizon was estimated 
to contain only about 33% volcanic glass within the to
tal soil material, although approximately 55% of the 
particles examined between 150 and 31.2 JLm in size 
were identified as volcanic glass shards (Brewster, 
1979) . The XRD traces of the untreated clay sample 
obtained from this horizon (Figure la) showed the pres
ence of illite (10.15 A) and a variable expandable and 
collapsable 14-A clay mineral. Following Mg-satura
tion and glycolation, this mineral expanded from 14.24 
to 16.66 A (Figure la, Mg-GPO); following K-satura
tion it partially collapsed to a variable I3.38-1O.15-A 
spacing (Figure la, K-ADPO). The spacing collapsed 
to 10.15 A on heating the sample 350°C for 0.5 hr (Figure 
la, K-350°C). The behavior of this 14-A mineral is 
thought to represent a mixture of montmorillonite, ver
miculite,and Al-interlayered vermiculite. Thus, the 
XRD characteristics of the untreated sample indicate 
that the clay mineral suite of this horizon is dominated 
by Al-interlayered vermiculite. 

Individual chemical treatment . Removal of organic 
material (4.7% organic carbon) by HzOz treatment pro
duced a significant expansion of the 14.24-A peak to 
16.66 A following Mg-saturation and glycolation (Fig
ure la, Mg-GPO). Asymmetry of the 16.66-A peak to 
the high angle side suggests that expansion was not 
complete. The XRD patterns of the K-saturated and 
heated samples (Figure la, K-ADPO and K-350°C) sug
gest that although a montmorillonite-type clay mineral 
dominates the mineral suite, both vermiculite and Al- , 
interlayered vermiculite are also present. The apparent 
dominance of the clay assemblage by the montmoril
lonite-like, expandable mineral in the H20 2-treated 
sample contrasts with the subordinate role of this min
eral in the untreated sample . 

The XRD traces of samples treated with NaOAc to 
remove carbonates are characterized by a clay mineral 
which produced a sharp and intense 14.24-A peak upon 
Mg-saturation (Figure la, Mg-ADPO). Saturation of 
this sample with ethylene glycol resulted in a variable 
expansion of the 14-A peak to a 16.66-A spacing and 
the creation ofa broad plateau between 14.47 and 16.66 
A (Figure la, Mg-GPO). Partial collapse to 13.38 A and 
asymmetry to the high angle side of the XRD peak pro
duced by the K -saturated sample suggest the presence 
of Al-interlayered vermiculite (Figure la, K-ADPO). 
The NaOAc-treated sample did not exhibit as drastic 
a modification of the untreated-sample XRD traces as 
did the H20 2-treated sample; however, the montmoril-
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lonite-like expandable mineral appeared to be more 
abundant in the NaOAc-treated sample than in the un
treated sample. Also, the characteristics of the XRD 
peaks of the NaOAc-treated sample contrast sharply 
with those of the untreated sample (Figure la). 

Removal of iron oxides (0.55% dithionite-extractable 
Fe) by SCBD treatment changed the 14-A peak in a 
manner which is contrary to the behavior of this peak 
with H20 2 treatment. Mter saturation with ethylene 
glycol, the 14.24-A peak became asymmetrical to the 
low angle side, and a definite 16.66-A spacing was not 
produced (Figure la, GPO). K-saturation produced an 
intense 13.38-A peak which was asymmetrical on the 
high angle side and an increase in the intensity of the 
1O.27-A spacing. Heating the sample to 350°C for 0.5 
hr completely collapsed the spacing to 10.15 A. The 
behavior of the Ae horizon samples subjected to SCBD 
treatment indicates that the samples are totally domi
nated by Al-interlayered vermiculite with minor 
amounts of vermiculite, illite, and vermiculite/mont
morillonite interstratifications. 

It can be seen from the examination of the Ae horizon 
clay minerals that individual treatments can change in
terpretations of the nature of the clay mineral assem
blage. Although the preceding discussion primarily in
volved 14-A clay mineral characteristics, it should be 
noted that illite (10.15 A) is also present and that the 
XRD characteristics of illite are not changed by any of 
these treatments. The 7.18-A spacings shown in Figure 
1 were identified as kaolinite by prior analysis (Brews
ter, 1979). 

interlayered vermiculite with subordinate amounts of 
vermiculite, illite, and kaolinite. The XRD traces of 
treated samples suggest that the clay mineral suite is 
dominated by montmorillonite-like, expandable clays. 
The nature of the clay species present in the Ae horizon 
did not change as a result of the treatments , but the rel
ative abundance of some individual species increased 
as the severity of the treatment increased. 

Bhf horizon 

The Bhf horizon was estimated to contain approxi
mately 29% volcanic glass within the total soil material. 
Volcanic glass shards accounted for approximately 
53% of the particles between 150 and 31.2 ILm in size 
(Brewster, 1979). The mineral assemblage of the un
treated sample is dominated by a poorly ordered, AI
interlayered vermiculite (Figure 2a) with lesser 
amounts of illite and vermiculite. The XRD peaks of the 
untreated sample are irregular and weak, characteris
tics commonly associated with either poorly crystalline 
clay minerals or an abundance of amorphous materials. 
Unlike the alteration of Ae horizon clays, treatment of 
the Bhf horizon clays did not change the estimates of 
clay mineral species concentration, although XRD 
peak characteristics of these minerals were changed. 
The clay-size materials in the untreated sample (Figure 
2a) are poorly ordered and probably contain consider
able amorphous material, whereas the materials in the 
SCBD-treated sample have intense and symmetrical 
XRD peaks, characteristics which suggest well-crys
tallized and/or abundant clay minerals . 

Combined treatment. Chemical treatments used in Individual treatment. NaOAc-treated samples have 
combination markedly influenced the interpretation of XRD characteristics which are similar to the XRD char
the clay mineral assemblage in the Ae horizon of this acteristics of the untreated samples. However, SCBD 
pedon. The XRD traces ofthe untreated sample and the treatment (1.6Q%, dithionite-extractable Fe) caused the 
maximum-treated sample (NaOAc + H20 2 + SCBD) greatest variation in the XRD peak characteristics be
may be interpreted quite differently. The XRD traces tween the treated and untreated samples (Figure 2a). 
of the Mg-saturated and glycolated samples (Figure lb, The XRD traces of the H20 2- and SCBD-treated sam
Mg-GPO) show a progressive increase of expandable pies revealed a 14-A clay component having a sharp and 
minerals with the increasing severity of treatment. intense diffraction peak which did not collapse with 
K-saturation of these samples resulted in a variable col- K-saturation (Figure 2a, K-ADPO). The peak collapses 
lapse of the 14-A spacing from 14.24 to 10.15 A (Figure to 10.04 A on heating to 350°C (Figure 2a, 350°C). The 
lb, K-ADPO). With increasing severity of treatment SCBD-treated sample contained a minor 14.24-A com
the XRD peak intensity of the K-saturated samples de- ponent which waS stable after heating to 350° and 
creased. This reduction may be partially due to clay 550°C, a characteristic of chloritic clay minerals. The 
mineral degradation, as evidenced by a broad plateau presence of chlorite within the Bhf horizon was only 
between 14 and 10 A (Figure lb, K-ADPO). Heating the indicated in samples which had been treated with 
K-saturated sample to 350°C collapsed the 14-A spacing SCBD (Figure 2a). 
to 10.15 A (Figure 1b, K-350°C). 

Summary of effects upon Ae horizon samples. Within 
the Ae horizon of this pedon, pretreatments, both in
dividually and in combination, created a variable inter
pretation of the clay mineral assemblage. If the untreat
ed sample represents the clay mineral suite as it exists 
in situ , the assemblage appears to be dominated by AI-

Combined treatment. Subjecting samples to a com
bination of treatments gave mixed results (Figure 2b). 
The clays in these samples include AI-interlayered ver
miculite , vermiculite, illite, and traces of kaolinite. 
Samples which underwent NaOAc + H20 2 treatment 
produced sharper and more intense peaks than those 
of the untreated sample, although the peak spacings are 
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not produce the greatest alteration (Figure 2b). Samples 
treated with NaOAc + H20 2 contain more crystalline 
clays (or less amorphous material) than those samples 
which were treated with NaOAc + H20 2 + SCBD 
(Figure 2b). Unlike the Ae horizon samples, the com
position and concentration of Bhf horizon clay mineral 
species does not change in accordance with increasing 
pretreatment severity. The treatment of the volcanic 
ash-derived B horizon clay minerals does, indeed, re
sult in "clean-sharp" XRD peaks; however, these 
peaks may not be representative ofthe in situ character 
of the clay-size material. 

\4 .• 71. to.o. A lIBf horizon 

1.llA 

dC'gr(C"~ 28 

(b) Combined treatment 

I>\g-ADPO Mg - GPO 

t4 0tA 
K-ADPO 

! ' 16k If; j} ,. 
d('gr('('~ 26 

Figure 2. The effect of (a) individual treatment and (b) com
bined treatment upon clay mineral XRD characteristics ofthe 
Bhf horizon, Pedon 6. 

the same (Figure 2b, Mg-ADPO). The sharp, intense 
XRD peaks of the NaOAc + H20 2-treated samples 
were unchanged by Mg-saturation and glycolation (Fig
ure 2b, Mg-GPO), K-saturation (Figure 2b, K-ADPO), 
and heating of the K-saturated sample (Figure 2b, 
K-350°C). 

Bhf horizon samples which were subjected to the 
most severe treatment (NaOAc + H20 2 + SCBD) did 

Individual treatment. Untreated samples from the till 
or colluvial materials of the IIBf horizon of this pedon 
produced XRD peaks characteristic of illite and iron
rich chlorite (Figure 3a). These XRD peaks are sym
metrical, but rather subdued. H20 2 treatment (1% or
ganic carbon) did not alter the 14-A chlorite peak or the 
lO-A illite peak, except for an increase in the peak in
tensity of Mg-saturated samples (Figure 3a). NaOAc
treated samples produced XRD peaks which were sim-
ilar to those of the untreated sample. The greatest 
change in the XRD characteristics of these samples was 
produced by the SCBD treatment (2.07% dithionite-ex
tractable Fe). The XRD peaks of these products are 
considerably more intense than those of the untreated 
samples (Figure 3a). Although the XRD peaks of the 
SCBD-treated sample are "cleaner" and "sharper" 
than those of the untreated sample, the interpretation 
of the illite-chlorite ratio or the evaluation of the 
concentration of these two minerals was not altered 
by individual treatment. The clay minerals in the 
SCBD-treated sample appear to be more crystalline, or 
conversely, less altered than those of the untreated 
sample. Alternatively, crystalline clay-size material is 
more abundant in the latter (Figure 3a). 

Combined treatment. A combination of chemical 
treatments on samples of the IIBfhorizon yielded more 
intense XRD peaks with increasing severity of treat
ment (Figure 3b). The detection of individual clay min
erals was not changed by such treatments; however, 
the patterns of the most severely treated samples were 
similar to those of unaltered crystalline clays which 
were uncontaminated by amorphous materials. 

lIC horizon 

Individual and combined treatment. Illite and iron
rich chlorite comprise the clay mineral suite of the IIC 
horizon (Figure 4a). The XRD peaks of the untreated 
sample are extremely sharp and intense. H20 2 treat
ment of these samples produced broader and weaker 
XRD peaks (Figure 4a). The intensity and symmetry of 
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Figure 3. The effect of (a) individual treatment and (b) com
bined treatment upon clay mineral XRD characteristics of the 
UBf horizon, Pedon6. 
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Figure 4. The effect of (a) individual treatment and (b) com
bined treatment upon clay mineral XRD characteristics ofthe 
lIe horizon, Pedon 6. 
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the XRD peaks of the NaOAc- and SCBD-treated sam
ples are comparable in intensity and symmetry to those 
of the untreated sample. Samples which were subjected 
to combinations of treatments produced weaker and 
broader XRD peaks compared to those of the untreated 
sample (Figure 4b). 

DISCUSSION AND CONCLUSIONS 
The results of this experiment demonstrate the need 

for caution when interpreting clay mineral assem
blages, species concentration, or crystallinity when 
treatments are used to produce "clean-sharp" XRD 
peaks. Treatment of the weathered Ae, Bhf, and IIBf 
horizon samples resulted in rather dramatic improve
ments in the XRD peak intensity, while treatment of 
IIC horizon samples resulted in subdued peak intensi
ties. The contrasting effect which these treatments had 
on the XRD peak intensities of weathered and unaltered 
clay samples suggest that some form of mineral modi
fication occurs following treatment; however, the mod
ification is masked by marked improvements in XRD 
peak intensities. 

A problem arises when attempting to determine the 
XRD characteristics ofthe natural (in situ) clay system. 
In this study, chemically untreated samples were as
sumed to be representative of the natural clay system. 
The XRD peak characteristics of these untreated sam
ples were then compared to the XRD characteristics of 
the treated samples in an attempt to establish treatment 
effect. In view of the possibility of non-parallel orien
tation of clay minerals, carbonate and iron oxide bond
ing, and masking by amorphous materials, the XRD 
patterns ofthe untreated samples may not represent the 
so-called "natural clay system." The problem of XRD 
characterization of the in situ clay is difficult to over
come when using naturally occurring, weathered clay 
samples; however, evaluations of treatment effect are 
best made using an untreated sample as a reference. 

A more pronounced effect of such treatment is the 
apparent production of expandable clay minerals with
in the Ae horizon. Increasing the severity of treatment 
increases the concentration and crystallinity of mont
morillonite-like expandable minerals. This finding is 
not new; Harward et al. (1962) observed that the like
lihood of identifying montmorillonite increases and the 
degree of dispersion increases as the severity of the 
treatment for iron removal increases. This phenome
non is probably due to the hydrolysis and removal of 
interlayer aluminum ions during H20 2 and SCBD treat
ments, causing the degradation of the clay minerals. 
Consequently, the poorly ordered vermiculite or ver
miculite/montmorillonite interstratifications become 
"weathered" by hydrogen attack and aluminum re
moval, in a manner similar to the weathering processes 
in the acid and eluvial A horizon. The fact that this re
action takes place only with Ae horizon samples sup
ports this general conclusion, because these samples 

contain weathered vermiculite and vermiculite/mont
morillonite interstratifications which would serve as 
substrata for further laboratory modification. 

The possible dilution of untreated samples by amor
phous clay-size materials may also be significant. With
in other pedons examined from Jasper National Park, 
volcanic ash-derived B horizons were found to contain 
approximately 50% more amorphous clay-size material 
than the overlying A horizons (Brewster, 1979). How
ever, the volcanic ash-derived B horizons examined in 
this study did not exhibit the degree of variation in 
species composition, concentration, and crystallinity 
as did the samples obtained from the A horizon. This 
suggests that the effect of dilution by amorphous ma
terials is subordinate to the chemical modification of 
pre-existing weathered clay minerals. 
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Pe3IOMe--lbY'l.aJlHCb B03AeHCTBHJI YAaJleHHJI KapooHaToB c nOMO~blO NaOAc, YAaJleHHJI OpraHH'l.eCKHX 
MaTepHaJlOB c nOMO~blO H 20 2 H YAaJleHHJI oKHceH JKeJle3a c nOMO~blO HaTpHeBoro ~HTpaT-oHKap6oHaTa
AHTHOHHTa (HUE)]) Ha peHTreHoBcKo-AHq,paK~HoHHble (P)]) XapaKTepHCTeKH rJIHHHCTbIX MHHepaJIOB, 
npHcYTcTBYlOiWlX B BbIBeTpeHHbIX OTJlOJKeHIDIX BYJlKaHH'l.eCKOrO nellJla. Bce npeABapHTeJlbHble 
o6pa6oTKH 06pa3~oB, oTo6paHHhIx H3 ropH30HTOB Ae H Bhf, COAepJKa~HX BYJlKaHH'l.eCKHH neneJl, 
BbI3bIBaJlH pe3Koe nOBblIIIeHHe HHTeHcHBHocTeH P)] nHKoB, B TO BpeMJI KaK 06pa6oTKa o6pa3~oB 
H3 rOpH30HTOB IIC BbI3BaJlO CrJIaJKHBaHHe P)] nHKOB. KpoMe TOro, XHMH'l.eCKHe 06pa60TKH BbI3bIBaJlH 
JlBHOe YBeJlH'l.eHHe KOJlH'l.eCTBa paCIIIHPJlIO~HXCJI rJlHHHCTbIX MHHepaJIOB B ropH30HTe Ae, BepOJITHO 
H3-3a rHAPOJlH3a H YAaJleHHJI MeJKCJlOHHOrO AP+ KorAa HCnOJlb30BaJlHCb H 20 2 H HUE)]. CJleAOBaTeJlbHO, 
llJIOXO ynOPJlAO'l.eHHble H H3MeHeHHble B nO'l.BeHHblX YCJlOBHJlX BepMHKYJlHTHble HJlH BepMHKYJlHTO/ 
MOHTMOPHJlOHHTHble nepeMeJKalO~HeCji npOnJiaCKH CTaJlH "BbIBeTpeHbIMH" nOA B03AeHCTBHeM H+ H 
YAaJleHH5I AP+, T.e. nYTeM, nOAo6HbIM eCTeCTBeHHblM npo~eCCaM, KOTopble npOHCXOMT B KHCJlOTHOM 
H 3J1IOBHaJlbHOM ropH30HTe A. K TOMY JKe, B03MOJKHble H3MeHeHIDI P)] nHKOB H3-3a pa3y60JKHBaHIDI 
KPHCTaJIJlH'l.eCKHX rJlHHHCTbIX KOH~eHTpa~HH aMopq,HbIM MaTepHaJlOM C pa3MepaMH, COOTBeTCTBYIO~HMH 
rJlHHaM, OKa3aJ1HCb BTopOCTeneHHbIMH no cpaBHeHHIO C HHAYKTHpOBaHHbIM B Jla60paTopHH XHMH'l.eCKHM 
H3MeHeHHeM BbIBeTpeHHbIX rJlHHHCTbIX MHHepaJIOB. [N .R.] 

Resiimee--Es wurden die Auswirkungen auf die Rontgendiffraktometer-Charakteristika von-in Vorkom
men verwitterter vulkanischer Aschen auftretenden-Tonmineralen untersucht, die entstehen, wenn man 
Karbonate mit NaOAc, organisches Material mit H 20 2 , und Eisenoxide mit Natriumcitrat-Bicarbonat
Dithionit (SCBD) entfernt. Aile Vorbehandlungen fiihren bei den Proben, die aus den vulkanische Asche 
fiihrenden Ae und Bhf Horizonten stammen, zu einem ungeheuren Anwachsen der XRD-Peakintensitaten. 
Die Behandlung der Proben aus dem IIC Horizont fiihrt dagegen zu einer Verminderung der XRD-Peak
intensitaten. AuBerdem bewirken die chemischen Behandlungen, daB der Gehalt an quellfahigen Tonmi
neralen in Proben des Ae Horizontes sichtbar zunimmt, was wahrscheinlich auf die Hydrolyse und das 
Entfernen von Zwischenschicht-Aluminium zUrUckzufiihren ist, wenn H 20 2 und SCBD verwendet wurden. 
Daher werden schlecht kristallisierte und durch Bodenbildung beeinftuBte Vermiculite und Vermiculit! 
Montmorillonit-Wechsellagerung durch den H+-Angriffund das Entfernen von AP+ in einer Art verwittert, 
die den natiirlichen Prozessen ahnlich ist, wie sie in sauren und eluvialen A-Horizonten stattfinden. Auch 
schien eine mogliche Beeinftussung der XRD-Peaks durch die Verdiinnung der Konzentration des Kris
tallisierten Tons durch amorphes Material von TongroBe der durch die Behandlung bedingten chemischen 
Veranderung der verwitterten Tonminerale untergeordnet zu sein. [U.W.] 

Resume--Les effets sur les caracteristiques XRD des mineraux argileux presents dans des depots de 
cendres volcaniques alterees de I'enlevement par NaOAc de carbonates, par H 20 2 de matieres organiques, 
et par dithionite-bicarbonate-citrate de sodium (SCBD) des oxides de fer, ont ete examines. Tous les pre
traitements d'echantillons derives des horizons-Ae et -Bhf contenant de la cendre volcanique ont resulte 
en un accroissement dramatique des intensites de sommet XRD, tandis que Ie traitement des echantillons 
d'horizons-I1C ont resulte en des intensites de sommet XRD amoindries. II a aussi ete remarque que les 
traitements chimiques produisaient un accroissement apparent de la quantite de mineraux argileux expan
sibles dans I'horizon-Ae, sans doute di't ld'hydrolyse eUd'enlevement de I'inter-couche AP+ lorsque H 20 2 

et SCBD etaient employes. Ainsi, la vermiculite ou les interstratifications vermiculite/montmorillonite 
pauvrement ordonnees ou pMogenicalement modifiees sont devenues "alterees" parl'attaque d'H+ et par 
I'enlevement d'AP+ d'une maniere semblable aux procedes naturels qui se pas sent dans l'horizon-A acide 
et eluvial. De plus, la modification possible de sommet XRD due a la dilution de concentrations d'argile 
cristalline par une matiere amorphe de taille argileuse semblait etre subordonee a l'alteration chimique 
induite dans Ie laboratoire des mineraux alteres. [D.J.] 
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