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Abstract-The proposed method is a modification of one by Alexiades and Jackson (1965), Calcium 
exchange capacity (CaEC) and potassium exchange capacity (KEC) are determined, after removal of 
organic matter and free iron oxides, by saturating the exchange complex with centrifuge washings of pH 7 
acetate solutions of Ca or K, respectively, Excess salt in solutions remaining in contact with the soil after 
saturation is determined by measuring the weight and concentration of the excess solution, The exchange­
able cations and excess salt are then replaced by centrifuge washings with 1 N acetate solutions of Mg 
(for CaEC) or-NH4 (for KEC), after overnight 110°C oven-drying to enhance K fixation for KEC. The 
replaced cations are determined and CaEC and KEC values are calculated, Per cent 'vermiculite' is based 
on the difference between CaEC and KEC (expressed in m-equiv/lOO g) and an assumed 'vermiculite' in­
terlayerexchange capacity of 154 m-equiv/l00 g; percentage Vr = (CaEC-KEC/154) x 100, The 'vermicu­
lite' interlayer fraction (VIF) of the CaEC may also be calculated; VIF = CaEC-KECjCaEC. The mea­
sured 'vermiculite' is shown in quotation marks since the method is open to criticism regarding exactly 
what is being measured, the assumptions made, etc, and to emphasize that the determination procedure 
is an operational one for the characterization of cation exchange complexes, 

Removal of free iron oxides increased both CaEC and KEC values of several soils but percentage Vr 
was little affected, The amount of K fixation was affected by the drying treatment employed after K satu­
ration (none vs air-drying vs oven-drying), Thoroughly crushing Montana and African vermiculites dra­
matically increased their CEC and measured 'vermiculite' values, but had little effect with two samples 
of saprolite from chloritic metabasalt. 

INTRODUCTION 

Procedures that determine the content of minerals on 
a whole soil basis are useful. Carbonate minerals (as 
CaC03 equivalent) and free iron oxides have com­
monly been determined in such a manner, but clay 
minerals have not. Whole soil analyses may give a 
more meaningful characterization in practical terms 
than a particle-size fractionation approach, especially 
if there are considerable amounts of the minerals of in­
terest in coarse fractions and if the alternative 
approach would be to study only the mineralogy of the 
< 211m clay, Whole soil methods may also, in some in­
stances at least, eliminate the need to do particle-size 
fractionation and thus save much time. 

The Alexiades and Jackson (1965) method for vermi­
culite determination by cation exchange capacity 
methods has no inherent assumptions that prevent its 
application to whole soils. The method is based on the 
assumption that all the interIayer cation exchange sites 
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of vermiculite (but not of any other minerals) are 
blocked by potassium fixation. Thus by measuring the 
CaEC (calcium exchange capacity; i.e. Ca saturation 
and Mg replacement) and the KEC (K saturation and 
NH4 replacement), and by assuming an interlayer 
exchange capacity for vermiculite (154 m-equiv 
100 mg), the vermiculite content may be calculated. 

The objectives of this study were to develop, by 
modification of the Alexiades and Jackson (1965) pro­
cedure, a rapid method for the quantitative determina­
tion of 'vermiculite' on a whole soil basis and to illus­
trate the value of this method in characterizing soils 
and geologic materials. The mineral (minerals) mea­
sured by these procedures is (are) identified here as 
'vermiculite', This usage recognizes that what is mea­
sured may not coincide with ideal vermiculite (defined, 
for example, on the basis of layer type, inter layer 
material and layer charge in the AIPEA nomenclature 
committee report of AIPEA Newsletter No.7). 

MATERIALS AND METHODS 

Of primary interest in this work were some vermicu­
litic soils developed in),~prolite from chloritic metaba­
salt in the Middletown Valley of Maryland. A larger 
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study (Coffman, 1972; Coffman and Fanning, 1974) to 
characterize the nature and the genesis of these soils, 
was being made and the 'vermiculite' method was de­
veloped especially for use in this characterization. The 
group included here belong to the Fauquier and 
Myersville soil series. The method was further tested 
with other materials (see Tables 1, 4 and 6). 

In the standard method, approximately 0·5 g sam­
ples of air-dried soil, crushed to pass a 2 mm sieve, are 
quantitatively weighed into 15 ml centrifuge tubes. 
Four tubes of each soil are weighed in order to dupli­
cate Ca and K saturation. The exchange complex is 
saturated with Na by adding approximately 10 ml of 
pH 5, 1 N NaOAc (sodium acetate) buffer (Jackson, 
1956) to each tube. The tubes are placed in a water 
bath at 80°C for 30-60 min, then removed, centrifuged, 
and the supernatant discarded. The soils are centrifuge 
washed once more with NaOAc prior to organic mat­
ter removal. The NaOAc treatments assure a Na-satu­
rated exchange complex and the somewhat acidic 
medium that is desirable prior to organic matter remo­
val (Jackson, 1956). 

Organic matter is removed from the soils by over­
night heating (on a steam hot plate with the tubes in 
a water bath with 'Handiwrap' draped over the bath 
and secured with a rubber band to reduce evaporation) 
with 0·5 ml of 30 per cent H 20 2 and 2-3 ml of the pH 5 
1 N NaOAc. The soil is mixed with the HzOz and 
NaOAc solution (e.g. with a Vortex mixer) prior to the 
overnight heating and is centrifuged down,and the 

out) and dividing by the density of the solution. Cor­
rections to the volume of excess solution are normally 
not made for the quantity of organic matter or free 
iron oxides removed, but in cases of removal of large 
quantities of these substances (or carbonates. which 
could be removed by cooking in pH 5, 1 N NaOAc, 
Jackson, 1956) this should be done. 

Before replacement of K, the tubes containing the K 
saturated samples are placed in a 110°C oven over­
night. Calcium (potassium for K saturated samples) is 
replaced from each Ca (K) saturated soil using five cen­
trifuge washings of approximately 10 ml each of 1·0 N 
MgOAc (NH40Ac). The wash solutions are collected 
in a 100 ml volumetric flask, brought to volume with 
distilled water, and Ca (K) is determined. In the pres­
ent study the elements were determined by flame pho­
tometry with a Technicon AutoAnalyzer. Standard 
solutions covering a concentration range of 0-60 /1g/ml 
are normally sufficient for the determinations. These 
are prepared in acetate solutions like the unknowns 
from concentration (500 /1g/ml) standard solutions of 
Ca or K. The concentrated standard solutions are pre­
pared in water from oven-dried CaC0 3, put into solu­
tion with a minimum of HCl, or from oven-dried KCl, 
respectively. From the data, CaEC and KEC values 
are calculated taking into consideration the exact 
weight of the soil and the amount of salts in the excess 
saturating solution. 

Per cent 'vermiculite' may then be calculated, equa­
tion (I). 

% Vr= [CaEC(m-equiv/l00g) - KEC(m-equiv/l00g)] 100 
154 (m-equiv/l00 g) 

(1) 

solution discarded the following day. Free iron oxides 
are then removed following the procedure of Fanning 
et ai. (1970) except that proportionately smaller quan­
tities of solution and dithionite are employed to con­
form with the smaller sample size. 

The tubes are then separated into two groups, one 
for Ca and the other for K saturation. CaOAc and 
KOAc solutions, adjusted to pH 7 with acetic acid, are 
used. The soils are centrifuge washed once with 10 ml 
of 0·5 N CaOAc or 0·5 N KOAc, then 5 times with 
10 ml of 0·1 N CaOAc or 0·1 N KOAc. The concentra­
tion of these latter solutions may not be exactly 0·1 N, 
but the exact concentration is measured at the time 
the exchanged cations are measured. The supernatant 
solu tions are discarded. After the last 0'1 N wash, the 
volume of excess solution remaining in the tubes is 
determined, before any evaporation takes place, by 
weighing the tubes and subtracting the weight of the 
tube and soil (recorded when the samples are weighed 

Calculations may also be made, equation (2) for the 
fraction of the total CaEC attributable to 'vermiculite' 
interlayers (potassium fixing exchange sites). This frac­
tion may be referred to as the 'vermiculite' interlayer 
fraction, abbreviated as VIF. 

. I " . fC EC CaEC-KEC Vr mter ayer traction 0 a = V IF = --::c--=-~-
CaEC 

l~2) 

The standard exchange capacity 'vermiculite' 
method was also applied to particle-size fractions 
(Table~ 2 and 3) obtained by fractionation essentially 
by the method of Kittrick and Hope (1963). The frac­
tions of fine silt and finer were Ca saturated using 
CaCl2 and dried from benzene for dry storage. How­
ever, all fractions were resuspended and satured with 
Ca, using Ca acetate, for CaEC determination, or with 
K. using K acetate, for KEC. 
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A study was made with certain samples (Table 4) to 
determine the effect on the exchange properties of 
removing as opposed to not removing the free iron 
oxides. The procedures were standard in each case 
except that the free iron oxide removal treatment was 
not given to one series of samples. 

Studies were also made with samples of a Fauquier 
soil to compare wet and air-dried K fixation with the 
standard oven-drying procedure. For the wet K fixa­
tion treatment, 1·0 N NH40Ac was used to replace ex­
changeable K immediately after K saturation of the 
soil and weighing for determination of salts in the 
excess saturating solution. For t4e air-dried K fixation, 
the soils were K saturated, excess saturating solution 
was determined, and then the samples were placed in 
a desiccator. When the surface of the samples appeared 
dry, K was replaced. 

The effect of agate mortar crushing on measured 
'vermiculite' contents was studied with certain vermi­
culite-rich samples derived from chloritic metabasalt 
and from biotite (Montana and African vermiculite 
obtained from Ward's Scientific Establishment) (Table 
6). One sample of each material tested was given a 
standard cfHshing treatment (so as to pass a 2 mm 
sieve), and another sample was more finely crushed 
using an agate mortar and pestle on a motor driven 

Fauquier C 

29%"Vr" 

K. 55e! __ _ 

I 

K.300! _ _ _ 

3.35 405 5.0 7.2 10 14 

A 

Fig. l. X-ray diffraction pattern for a vermiculite-rich soil 
horizon (a Fauquier C horizon, whole-soil crushed for 
15 min in an agate mortar on a motor driven turntable prior 
to Mg or K saturation) which contained 29 per cent 'vermi­
culite' by the cation-exchange capacity method. Diffraction 
specimens at 25°C were glycerol solvated. The patterns indi­
cate the presence of vermiculite, feldspars and a trace of 
kaolinite. A higher estimate of the vermiculite content 
would probably have been made based on X-ray diffraction 

pa tlerns alone. 

Fouquier A p 

2%"Vr" 

A 

Fig. 2. X-ray diffraction patterns for a soil horizon that con­
tained 2 per cent 'vermiculite' by the cation exchange capa­
city method (Fauquier Ap horizon, whole soil crushed for 
15 min in an agate mortar on a motor driven turntable prior 
to Mg or K saturation). Diffraction specimens at 25°C were 
glycerol solvated. The patterns indicate the presence of ver­
miculite-with some interlayer material preventing com­
plete collapse to lOA with K saturation and heat, quartz, 
feldspars, a trace of kaolinite, and amphibole (peaks at 
about 8·6 and 3· 12A). The vermiculite content would prob­
ably have been overestimated based on X-ray diffraction 
patterns alone and may be underestimated by the exchange 
capacity method if hydroxy interlayers are preventing K fix­
ation by zones of vermiculite between hydroxy-interlayer 

'islands'. 

turntable with rotation for 30 min. The standard 
crushing, to reduce the particle size to < 2 mm, was 
done with a machine with rubber rollers in the U niver­
sity of Maryland Soil Testing Laboratory. In the 
crushing study, 0·3 g samples were employed for 
exchange capacity determinations, and with the Mon­
tana and African vermiculites only three drops rather 
than the standard 0'5 ml of H 20 2 was employed. 

X-ray diffraction patterns of agate mortar-crushed 
whole soil samples of the 'vermiculite' rich soils devel­
oped from metabasalt were prepared to verify their 
vermiculite content (Coffman, 1972 and Figs. 1 and 2). 

RESULTS AND DISCUSSION 

'Vermiculite' content of a variety of soil and geologic 
materials 

For comparison purposes and to test the whole-soil 
'vermiculite' method, analyses were done on a variety 
of soil and geologic materials (Table I). The results 
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obtained were reasonable in terms of what was known 
about the samples. 

Subsoil samples from the Middletown Valley of Mary -
land, that from X-ray diffraction patterns were rich in 
vermiculite (e.g. Fig. 1), gave the highest values for 'ver­
miculite' of any of the materials tested (Table I). Values 
for the vermiculite interlayer fraction (VIF) of the 
CaEC were also high for these samples, Table I. 

X-ray diffraction patterns (Figs. 1 and 2) gave a qual­
itative indication that some samples might contain 
even more vermiculite than indicated by the exchange 
capacity method. This interpretation is based on the 
seemingly low content of minerals other than vermicu­
lite shown by X-ray diffraction patterns with only 29 
per cent (Fig. 1) or 2 per cent (Fig. 2) 'vermiculite' pres­
ent in the samples by the exchange capacity method. 
In addition to vermiculite, the X-ray diffraction pat­
terns indicated the presence of feldspars and kaolinite 
(Fig. I), and quartz, feldspars, amphiboles and kao­
linite (Fig. 2). It is difficult, however, to interpret these 
other minerals as representing as much as 60 per cent 
(Fig. 1) or 98 per cent (Fig. 2) of the samples. This dis­
crepancy may mean that the CEC assumed for the 'ver­
miculite' interlayers (154 m-equiv/ IOO g) is too high for 
these materials, thus giving low values for 'vermiculite'. 
Another possible way that low values could develop 
would be if CaEC values were lower than theoretical 
because of inability of saturating cations to penetrate 
large particles. On the other hand, the 'vermiculite' 
values determined for a given material by the exchange 
capacity method were more reproducible than vermi­
culite peak intensities in X-ray diffraction patterns 
from two separately made diffraction specimens. 

'Vermiculite' contents of samples taken from near 
soil surfaces (Ap horizons) were less than the values for 
corresponding subsoils (Table I and Fig. 2 vs Fig. I), 
in line with the higher content of reactive minerals 
usually found in subsoil horizons. V I F values were 
also less in the A horizons, perhaps indicative of 
greater blocking of interlayers by hydroxy aluminum 
compounds. Rich (1968) has noted that hydroxy inter­
layers are usually best developed in A horizons, par­
ticularly if the A horizons are low in organic matter, 
as were the Ap horizons given in Table 1 and Fig. 2. 
The X-ray diffraction pattern of the Ap horizon of the 
Fauquier soil (Fig. 2) tended to confirm this reasoning 
by showing poorer collapse to lOA with K saturation 
and heat than was observed with the C horizon of the 
same soil (Fig. 1). 

The other soils of Table I that were not considered 
to be vermiculitic gave lower 'vermiculite' values. 
From previous studies employing X-ray diffraction, it 
was known for most of these soils that their clay.frac­
tions did contain some vermiculite--either discrete or 

inter stratified with other minerals. It is interesting to 
note that even though these soils had quite low 'vermi­
culite' contents, most of them still had relatively high 
VIF values. The montmorillonitic Sharkey B horizon 
(Table 1) was an exception. It contains about 30 per 
cent montmorillonite if its KEC value is attributed en­
tirely to montmorillonite with a CEC of about 100 m­
equiv/ IOO g. The montmorillonitic character is also re­
flected in the relatively low VIF value (0'29) even 
though this soil contained more Vr than many of the 
soils with higher VIF values. 

Wyoming bentonite showed a very low 'vermiculite' 
content and by far the lowest V IF value (0,01) obtained 
for any of the materials examined (Table I). Kaolin, 
which was nearly pure kaolinite by X-ray diffraction, 
appeared to contain a trace of 'vermiculite'. The V I F 
value for the kaolin indicated that this trace may 
account for 60 per cent of the entire CaEC of this 
material. 

The chloritic rock, or greenstone, which is consi­
dered to be representative ofthe parent rock of the ver­
miculitic Myersville and Fauquier soils and associated 
saprolite, showed a low 'vermiculite' content (Table I). 
This sample was crushed in an agate mortar prior to 
analysis and probably developed CEC during grind­
ing. 

The method was tested on standard Montana and 
African vermiculites only after the other studies 
reported in this paper had been completed. The results 
(Table 6) indicated that for these biotite derived vermi­
culites to show a significant 'vermiculite' content, it 
was necessary to crush them more than is recom­
mended in the standard procedure. This effect of crush­
ing is discussed further in a later section. 

'Vermiculite' rich sand and Sill fractions 

The high 'vermiculite' content of sand and silt frac­
tions of saprolite and of soil developed from chloritic 
metabasalt (Tables 2 and 3) illustrates the need for and 
value of methods that measure vermiculite on a whole 
soil basis. 

In the saprolite (Table 2) the sand and silt fractions 
were richer in 'W than were the clay fractions. Sand 
(weight percentage of 53 per cent) and silt (39 per cent) 
also composed more of this material than did the clay 
(8 per cent). Thus. when both the reactivity and the 
weight percentage of the fractions composing the 
saprolite are considered (Table 2, section on fractional 
contribution to whole soil properties), it is seen that 69 
per cent of the Vr in the saprolite is sand-size, 32 per 
cent is silt-size, and only 3 per cent is clay-size. Some 
of the finer particles may have been produced by size 
reduction during particle-size fractionation so there is 
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probably a bias toward overestimating the contribu­
tion of the finer particles in this analysis compared to 
the actual situation in the field. 

The V I F values were also greater for the sand and 
silt fractions than for the clay. This situation may indi­
cate some true differences in the mineralogy and 
exchange properties of the clay as opposed to the sand 
and silt. If so, this information could not have been 
determined by the whole soil 'vermiculite' method. 
The lower VIF values of the clay are reflected in the 
higher contribution of the clay to the KEC of the 
whole material (38 per cent) than to the CaEC (5 per 
cent) or to the 'Vr' content (3 per cent) (Table 2) .. 

CaEC and 'Vr' content values for the sand and silt 
fractions for theAp horizon of a Myersville soil (Table 
3) sampled a few meters from the site of the underlying 
saprolite (Table 2), were considerably lower than for 
the corresponding fractions of the saprolite. In the Ap 
horizon, the coarse fractions still were reactive enough, 
however, to contribute significantly to the cation 
exchange characteristics and 'vermiculite' content of 
the soil. The silt contributed more to the 'vermiculite' 
content of the Ap material (48 per cent) than did the 
clay (42 per cent) although the reverse was true with 
respect to the CaEC and KEC values. As with the 
saprolite, the clay contributed most to the KEC (61 per 
cent) and least to the 'Vr' content (42 per cent) with 
an intermediate contribution to the CaEC (48·5 per 
cent). 

Although VI F values for the Ap fractions (Table 3) 
generally tended to decrease with decreasing particle 
size, as in the saprolite (Table 2), the values were more 
erratic. Since CaEC is the denominator in the VIF 
equation (CaEC-KECjCaEC), VIF values change 
more for a given change in CaEC or KEC with small 
CaEC values. CaEC values were generally much less 
for a given fraction in the Ap than in the saprolite 
(Tables 2 and 3), except for the clay fractions. 

Fractions of the B2 and C horizons of the Myersville 
soil were also studied (Coffman, 1972; Coffman and 
Fanning, 1972). Fraction properties and contributions 
to whole soil behavior were generally between those of 
the saprolite and Ap horizons reported here. 

Values for CaEC, KEC, and Vr content obtained for 
the whole soil by summation of the values for the 
various fractions, weighted for the amount of each 
fraction in the soil, were generally similar to the values 
obtained by separate whole-soil measurements (Tables 
2 and 3). Although the CaEC and percentage Vr were 
somewhat less by direct measurement, the differences 
appear within what might be expected from exper­
imental error. There is a higher probability of exper­
imental error with the fractionation approach because 
of the larger number of measurements involved. Also, 

fractionation may tend to produce more fine particles, 
and reduction in particle size may increase exchange 
capacity values and Vr contents of some materials 
(Table 6). 

In connection with these particle-size studies it should 
be noted that we have also found (unpublished data) 
exchange capacity, Vr content and VIF relationships 
between particle-size fractions of Montana and African 
vermiculites similar to those found with the saprolite 
from metabasalt. Similar relationships have also been 
observed by Alexiades et al. (1973) with particle-size 
fractions of a soil from Greece developed from granite 
and containing vermiculite apparently derived from 
mica. Most notably, in all of these studies VIF values 
decreased with decreasing particle size. Part of this 
change may be related to true differences in the miner­
alogy of the different particle-size fractions. For 
example, Alexiades et al. (1973) report kaolinite and 
considerable pedogenic chlorite in the clay fraction of 
their soil and no kaolinite and less chlorite in coarser 
fractions. On the other hand, different particle sizes of 
a given vermiculite may differ in their cation exchange 
behavior (Ross and Rich, 1973). 

Effect of removing free iron oxides 

The effect of removing free iron oxides was studied 
with 3 B horizon samples of Fauquier soil that varied 
in free iron oxide content and with B horizon samples 
of some acid Coastal Plain soils (Beltsville, Matapeake, 
and Elkton). With all the soils studied (Table 4), remov­
al of the free iron oxides increased both CaEC and 
KEC values. However, the measured 'vermiculite' con­
tent was relatively unaffected or increased only 
slightly. VIF values generally decreased slightly. Thus 
it appears that free iron removal by the citrate-dith­
ionite method tends to preferentially open up exchange 
sites that do not fix potassium-presumably edge sites 
rather than 'vermiculite' interlayer sites. 

The B horizons of the Fauquier soils are considered 
to have vermiculite that is trioctahedral and relatively 
free of aluminum interlayers. However, no additional 
opening of 'vermiculite' interlayer sites by the free iron 
removal treatment was observed with the other soils of 
Table 4, which are considered to contain dioctahedral 
vermiculite with hydroxy aluminum interlayers. 

There was some tendency (Table 4) for increase in 
the CaEC and KEC values to be associated with the 
amount of free iron removed; however, the relation­
ship was not consistent. The differences caused by tak­
ing the amount of free iron extracted into consider­
ation in making the CaEC and KEC calculations 
were small (Table 4, compared values not in paren­
theses with those in parentheses in the 'Free Fe re­
moved' column). 
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Table 4_ The effect of free Fe removal on the CaEC, KEC, per cent 'vermiculite' and V I F (,vermiculite' interlayer fraction 
of CaEC) values of the B horizons of three Fauquier soils (developed from chloritic metabasalt) and of three acid Coastal 

Plain soils_ All values are based on duplicate CaEC and KEC determinations 

CaEC (m-equiv/IOO g) 
KEC (m-equiv/lOOg) 
~~ VI' 
VIF 

CaEC (m-equiv/IOO g) 
KEC (m-equiv/l00 g) 
~~ Vr 
VIF 

CaEC (m-equiv/100 g) 
KEC (m-equiv/100 g) 
% Vr 
VIF 

CaEC (m-equiv/l00 g) 
KEC (m-equiv/100 g) 
% Vr 
VIF 

CaEC (m-equiv/IOO g) 
KEC (m-equiv/100 g) 
/~ Vr 
VIF 

CaEC (m-equiv/l00 g) 
KEC (m-equiv/l00 g) 
/~ Vr 
VIF 

Free Fe removed* Free Fe not removed* 

Fauquier 10-4 B2 (2-02% free Fe) 
42-0 (42-2) 
10-8 (11-1) 
20-3 (20-0) 

0-74 (0-74) 
Fauquier 10-1 B2t (2-96% free Fe) 

36-1 (36-6) 
6-4 (7-0) 

19-3 (19-2) 
0-82 (0-79) 

Fauquier 10-6 B22t (5-73% free Fe) 

40-2 
8-4 

20-1 
0-79 

33-2 
5-2 

18-2 
0-84 

34-8 (35-7) 28-2 
16-3 (17-3) 12-2 
12-0 (11-9) 10-4 
0-53 (0-49) 0-57 

Beltsville B22tx (1-32% free Fe) 
10-9 (11-1) 
5-5 (5-S) 
3-5 (3-4) 
0-49 (0-48) 

Matapeake B2t(1-31% free Fe) 
10-9 (11-1) 

9-1 (9-3) 
1-2 (l-2) 
0-17 (0-16) 

Elkton B2tg (0-55% free Fe) 
13-7 (13-8) 
7-9 (7-9) 
3-9 (3-8) 
0-43 (0-43) 

8-1 
3-6 
2-9 
0-56 

8-9 
5-2 
2-4 
0-41 

10-8 
6-1 
3-1 
0-44 

* All values are based on the original sample weight (air-dried soil, free Fe unremoved)_ Values not in parentheses under 
the Free Fe removed column were corrected for the extra excess salts that should have been present because of the removal 
of free iron (all free iron assumed to have been present as goethite, FeOOH) whereas values in parentheses were not cor­
rected_ 

The standard Vr determination method includes the 
removal of free iron oxides_ Such a procedure does 
allow for measurement of free iron oxides on the same 
samples_ The data given in this section indicate, how­
ever, that similar values of Vr content may be obtained 
without such removal. Omission of this step from the 
'Vr' determination would speed up the procedure, and 
should give exchange capacity data that would be 
more representative of field conditions_ Perhaps the 
HzO z removal of organic matter could also be left out 
of the Vr procedure_ This possibility was not tested 
since it was thought that the CEC data would be diffi­
cult to interpret when organic matter was present. 

Effect of different drying treatments for K fixation with 
a Fauquier soil 

The effect of different drying treatments for potas­
sium fixation were studied with samples from the Ap, 
B2t and underlying saprolite of a Fauquier soil (Table 

5)_ In this table the values for the individual determina­
tions of CaEC and KEC are given, in addition to the 
average of the duplicates, to indicate the precision 
obtained in the exchange capacity determinations_ 

The data show very little wet fixation of K in the Ap 

horizon, whereas air-drying and oven-drying gave 
about equal amounts of fixation, about four times that 
of wet fixation_ In the B2t horizon, on the other hand, 
there was about as much fixation when the soil was wet 
as when it was air-dried_ However, oven-drying gave 
an additional increment of K fixation_ In the saprolite, 
there were about equal amounts of fixation under all 
three treatments_ It is speculated that the vermiculite 
of A and B horizons may contain hydroxy-aluminum 
or other interlayer materials from pedogenesis that 
block the interlayers to some extent and cause the dry­
ing treatments to give increased fixation_ 

Although these data (Table 5) do not represent a 
complete study of the effect of different drying treat-
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Table 5. Effect of different drying treatments for K fixation on KEC and 'vermiculite' values for samples from a Fauquier 
soil and underlying saprolite sampled near Middletown, Md. 

KEC KEC KEC 
CaEC (wet) (air dry) (oven dry) Vr Vr Vr 

(m-equiv/ (m-equiv/ (m-equiv/ (m-equiv/ (wet) (air dry) (oven dry) 
100g) IOOg) 100g) 

Fauquier Ap 1 16·4 14·8 8·6 
(0-22 cm) 2 15·6 14·4 10·2 

avo 16·0 14·6 9·4 
Fauquier B21 1 31·0 17·9 17-4 
(35- 56 cm) 2 31·4 17·6 16·5 

avo 31·2 17-8 17·0 
Fauquier 1 15·3 5·6 4·3 
Saprolite 2 12·8 5·9 4·9 
(235--245 cm) avo 14·1 5·8 4·6 

ments upon K fixation, they do indicate that different 
quantities of 'vermiculite' will be reported depend­
ing upon how 'vermiculite' is defined. A definition 
based on K fixation (exchange capacity reduction) dur­
ing overnight oven-drying at 110°C was suggested by 
Alexiades and Jackson (1965) and has been followed in 
our standard method. However, a definition based on 
fixation under wet or air-dried conditions would prob­
ably be more meaningful in terms of predicting the 
field behavior of soils. 

Effect of coarse vs fine crushing of chlorite and mica 
derived vermiculites 

Finely crushing the saprolites from chloritic metaba­
salt had little or no effect upon their CaEC, KEC, per­
centage Vr and V I F values (Table 6). On the other 
hand, with the biotite-derived African and Montana 
vermiculites, CaEC, KEC, and percentage Vr values 

100 g) (%) (%) (%) 

9·7 1·0 5·0 4-4 
10·0 0·8 3·5 3-6 
9·9 0·9 4·3 4·0 

12' 1 85 8·8 12·3 
12·8 9·0 9·7 12·1 
12·5 87 9·3 12·2 
4·1 6·3 7·1 7·3 
3·5 4·5 5·1 6·0 
J8 5-4 6·1 6·7 

increased dramatically upon fine crushing and V I F 
values decreased (Table 6). These results cast doubt on 
the ability of whole-soil cation exchange capacity 
methods to adequately measure mineralogical vermi­
culite when it occurs in large mica derived flakes-prob­
ably with mica cores. On the other hand, exchange 
capacity data from crushed micaceous samples may 
not be applicable to the material as it occurs in the 
field if it occurs as large flakes. 

The small effect of finely crushing the chlorite-de­
rived saprolites (Table 5) implies that the CaEC and 
KEC values of uncrushed chlorite-derived materials 
may more adequately measure their mineralogical ver­
miculite content than in the case of the mica-derived 
samples and shows that vermiculites derived from 
chlorite (see Ross et aI., 1974 and Fanning and Coff­
man, in manuscript, for recent evidence of this trans­
formation) may sometimes behave differently than 

Table 6. Effect of crushing treatments (standard. so as to pass 2 mm sieve. vs fine, that is crushed in agate mortar on motor 
driven turntable for 30 min) on CaEe. KEC, per cent 'vermiculite' and VIF (,vermiculite' interlayer fraction of CaEC) 
values for saprolites from chloritic metabasalt from the Middletown Valley of Maryland and for mica derived Montana 

and African (Transvaal) vermiculites 

Crushing treatment 
Saprolites from chloritic 

metabasalt Vermiculites 
2 African Montana 

<2mm fine <2mm fine <2mm fine <2mm fine 

CaEC 
(m-equiv/ IOO g)* 43·7 44·1 37·3 38-4 19·5 87·1 18-4 95-4 

KEC 
(m-equiv/IOO g)* 8·3 8·8 7-7 8·6 0 8-4 0 13·1 

( -0·2)t ( -2·2)t 
Vr(%) 23-0 22·9 19·2 19-4 12·7 51·1 11·9 53-4 
VIF 0·81 080 0·79 0·78 1·00 0·90 1·00 0·86 

* Values for the chloritic metabasalt samples are averages of quadruplicate determinations, values for the vermiculites 
are averages of duplicate determinations. 

t Negative values were found. These were taken to be zero for the calculation of percentage Vr and VIF. The negative 
values may be the result of trapping (against replacement) of saturating solution salts in large particles. 
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those derived from mica. Thus, one should know 
whether vermiculites to be studied were derived from 
micas or chlorities. 

The full effects of the finer crushing are not known. 
All the materials were visually much finer after the 
agate mortar crushing, but particle-size distribution 
was not determined for either the coarse or the finely 
crushed samples. Some of the differences between the 
mica-derived and chlorite-derived materials may have 
been caused by the smaller amount of H 20] used with 
the former samples (see Methods section). Unpub­
lished data indicate that increasing the amount of 
H20 ] may increase the CEC values of the African and 
Montana vermiculites. This result is being further 
tested. In this study less H 20] was used with the Afri­
can and Montana vermiculites because, when the stan­
dard 0·5 ml of H 20] was used, the large mica-derived 
particles tended to pop open and trap gases to the 
extent that the samples 'boiled' out of their tubes dur­
ing H20] treatment. The chlorite-derived samples did 
not behave in this way upon H 20 2 treatment. These 
samples seemed finer with only standard crushing than 
did the mica-derived vermiculites. On the other hand, 
it seems remarkable that the finer crushing had such 
a small effect with the chlorite-derived saprolites, since 
the different naturally-occurring particle-size fractions 
of similar material obviously had different CEC 
properties (Table 2). 

Further criticisms of the method 

The main faults of the method proposed in the pres­
ent paper appear associated with the underlying 
assumptions. The main assumptions are (1) that vermi­
culite has an interlayer exchange capacity of 154 m­
equiv/ I 00 g, (2) that this capacity is entirely blocked by 
K fixation, (3) that vermiculite is the only potassium­
fixing component of the material being analyzed, and 
(4) that the interlayer cation exchange sites of vermicu­
lite are accessible to saturation by Ca and that such Ca 
is entirely replaced by Mg. All of these assumptions 
may be criticized. 

The 154 m-equiv/lOO g value was chosen by Alex­
iades and Jackson (1965) as an average, workable, 
value for the vermiculites that they examined. Vermi­
culites in soils, however, .presumably range in inter­
layer exchange capacity from values less than this 
(which may be the case for the vermiculitic soils 
reported here in Tables 1-3) to values that approach 
the layer charge of true micas (Scott and Reed, 1965). 
Also, it may be that the potassium fixation in vermicu­
lites is not associated with the total interlayer charge, 
but more with that part of the charge originating in the 
tetrahedral sheet (Mering and Pedro, 1969; Harward 
et al. , 1969). However, this wouldn't matter if all the 

CCM : VoL 22. No. ) --F 

vermiculite interlayer exchange sites were blocked by 
K fixation by some of them. 

With regard to the second assumption it seems likely 
that vermiculite in some intergradient chlorite":vermi­
culites may not fix potassium if the layers are propped 
open by hydroxy islands (Jackson, 1964). 

The third assumption would be wrong if other 
minerals in the mixture also fix potassium. A likely 
candidate here would be beidellite or beidellitic mont­
morillonite. Such minerals, also referred to as illite-de­
rived montmorillonite, have been indicated to be 
potassium fixers under natural conditions by some 
workers (Niederbudde et al., 1969). Thus, 'vermiculite' 
as it is defined in this paper probably includes most 
true vermiculite along with some beidellite, and per­
haps also some high charge or tetrahedral charge 
zones of montimorilionites, saponites, etc. At the same 
time, some 2: I layers with vermiculite charge charac­
teristics may not be measured ifK fixation is prevented 
(e.g. by hydroxy interlayer islands) or if the exchange 
sites are not accessible to Ca saturation and Mg re­
placement [assumption (4) violated]. The experiment 
on effect of crushing (Table 6) indicates that assump­
tion (4) may not hold for large flakes of mica-derived 
vermiculites. 

In spite of these shortcomings, the 'vermiculite'and 
VI F concepts do allow at least a crude measure of the 
amounts, the kinds, and the contributions of certain 
reactive minerals in a material, at the same time that 
information about the cation exchange complex itself 
is being obtained. It is also pointed out that this can 
be done without particle-size fractionation and that 
the data so obtained may give a more meaningful char­
acterization of the cation exchange complex of a soil 
material, particularly as it exists under field conditions, 
than data for its particle-size fractions. 
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Resume-La methode proposee est une modification de celle d'Alexiades et Jackson (1965). La capacite 
d'echange pour Ie calcium (CaEC) et la capacite d'echange pour Ie potassium (KEC) sont determinees, 
apres elimination de la matiere organique et des oxydes de fer libres, en saturant Ie complexe d'echange 
par des lavages ala centrifugeuse avec des solutions a pH 7 d'acetate de Ca ou de K selon Ie cas. Le sel 
en exces dans les solutions restant en contact avec Ie sol apres la saturation est dose en mesurant Ie po ids 
et la concentration de la solution en exces. Les cations echangeables et Ie sel en exces sont alors remplaces 
par des lavages ala centrifugeuse avec des solutions 1 N d'acetate de Mg (pour CaEC) ou de NH4 (pour 
KEC), apres un sechage a l'etuve a 110eC pendant une nuit pour augmenter la fixation de K pour KEC. 
Les cations remplaces sont doses et CaEC et KEC sont calculees. Le pourcentage de 'vermiculite' est tire 
de ladifference entreCaEC et KEC (exprimee en m-equiv/IOO g) et d'une capacite d'echange interfeuillet 'ver­
miculite'de 154 m-equiv/l00 g; Vr = (CaEC - KEC/154) x 100. La fraction interfeuillet 'vermiculite' (VI F) 
de la CaEC peut egalement etre calculee; VIF = CaEC - KEC/CaEC. La 'vermiculite' ainsi determmee 
apparait entre guillemets, car la methode souleve certaines critiques concernant ce qui est exactement 
mesure, les hypotheses faites, etc; on souligne aussi de la sorte que Ie protocole de determination a, dans 
Ie cas de la caracterisation des complexes d'echange de cations, un caractere conventionnel. 

L'elimination des oxydes de fer libres augmente a la fois les valeurs de CaEC et KEC, rna is Ie pourcen­
tage de 'Vr' est peu modifie. L'intensite de la fixation de K est affectee par Ie traitement de sechage utilise 
apres la saturation par K (pas de modification lors d'un sechage a I'air compare a un sechage a l'etuve). 
Un broyage pousse de vermiculites du Montana et d'Afrique augmente considerablement leurs CEC et 
les valeurs mesurees pour la 'vermiculite', mais a peu d'effet avec deux echantillons de saprolite provenant 
d'un metabasaite chloritique. 

Kurzreferat-Die vorgeschlagene Methode stellt eine Abwandlung des von Alexiades und Jackson 
(1965) eingeflihrten Verfahrens dar. Die Calciumaustauschkapazitiit (CaEC) und die Kaliumaustausch­
kapazitiit (KEC) werden bestimmt, indem nach Entfernung der organischen Substanz und der freien 
Eisenoxide der Austauschkomplex durch Auswaschen mit Acetatiosungen von Ca bzw. K bei pH 7 in 
der Zentrifuge abgesattigt wird. Der UberschuB an gelostem Salz, der nach der Siittigung in Kontakt 
mit dem Boden verbleibt, wird durch Messung des Gewichtes und der Konzentration der iiberschiissigen 
Losung bestimmt. Die austauschbaren Kationen und der SalziiberschuB werden dann durch 
Auswaschen in der Zentrifuge mit 1 N Acetatiosungen von Mg (flir CaEC) oder NH4 (flir KEC) 
verdriingt, nachdem zur Forderung der K-Fixierung flir KEC iiber Nacht Ofentrocknung bei 110°C 
erfolgte. Die verdriingten Kationen werden bestimmt und CaEC und KEC berechnet. Der Prozentgehait 
an 'Vermiculit' ergibt sich aus der Differenz zwischen CaEC und KEC (ausgedriickt in m-equiv/100 g) 
und einer angenommenen Zwischenschichtaustauschkapazitiit flir Vermiculit von 154 m-equiv/IOO g; 
% 'Vr' = (CaEC-KEC/154) x 100. Der 'Vermiculit'-Zwischenschichtanteil (VIF) der CaEC kann 
ebenfalls berechnet werden; VIF = CaEC-KEC/CaEC. Der gemessene Vermiculit wird in 
Anflihrungszeichen widergegeben, da die Methode beziiglich der Frage der Kritik ausgesetzt ist, was 
eigentiich gemessen wird, weJche Annahmen zugrunde liegen, usw., sowie urn zu betonen, daB das 
Bestimmungsverfahren den Charakter einer Arbeitsmethode zur Kennzeichnung des Kationenaus­
tauschkomplexes hat. 
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Die Entfernung der freien Eisenoxide erhOht sowohl die CaEC- als auch die KEC-Werte mehrerer 
Boden, jedoch wurde % 'Vr' wenig beeinfluBt. Die Hohe der K-Fixierung wurde durch das nach der 
K-Siittigung vorgenommene Trocknungsverfahren (ohne Trocknung verglichen mit Lufttrocknung 
verglichen mit Ofentrocknung) beeinfluBt. Grlindliches Vermahlen von Vermiculiten aus Montana 
und Afrika flihrte zu einer drastischen Erhohung ihrer Austauschkapazitaten und der gemessenen 
'Vermiculit'-Werte, hatte jedoch nur geringen EinfluB bei zwei Proben von Saprolit aus chloritischem 
Metabasalt. 

PeJIOMe - IIpe,n;naraeMbliI: MeTO,n; HBnlleTCH H3MeHeHHbIM MeTo.o;OM, npHMeHlIBllIHMCJI AneKcHa­
,n;eCOM H ,LJ;lKaKcoHoM (1965 r.). 06MeHHall cnoco6HoCTb Kanbl(HJI (CaEC) H o6MeHHa1I cnoco6HoCTb 
KanHJI (KEC) onpe,n;eMlOTCJI nocne y.o;aneHHJI OpraHH'feCKHX Bell(eCTB H cBo6o.o;HbIX oKHceil: lKene3a, 
HaCbUl(eHHeM o6MeHHoro KOMnneKca Ca HnH K npH nOMOll(H l(eHTpo6elKHoil: npOMbIBKH paCTBopaMH 
al(eTaTa C pH 7, COOTBeTCTBeHHO. 1136bITOlfHa1I conb B paCTBopax, OCTalOll(HMHCJI B KOHTaKTe C 
3eMneil: nocne HaCbIll(eHHJI, onpe.o;eMeTClI nyTeM H3MepeHHlI Beca H KOHl(eHTpal(HH H36bITolfHoro 
paCTBopa. 3aTeM o6MeHHble KaTHOHbI H H36bITOlfHa1I conb 3aMeHJllOTCJI l(eHTpo6elKHoil: npoMbIBKoil: 
BIN al(eTaTHOM pacTBope C .o;o6aBneHHeM Mg (.o;M CaEC) HnH NH4 (.o;M KEC). IIocne BbICYllIH­
BaHHJI B nelfH npH TeMIIepaType 110°C B npo.o;onlKeHHe O.o;HOil: H01fH C l(enblO YCHneHHJI IPHKCal(HH K 
.o;nll KEC, onpe.o;enJilOTCH 3aMeHeHHble KaTHOHbI H BbIClfHTbIBaIOTCJI CaEC H KEC. IIpol(eHT 
«BepMHKynHTa» OCHOBaH Ha pa3HHl(e MelK)ly CaEC H KEC (BblpalKeHHoil: B M3KB/loo r) H Ha 
npe.o;nonaraeMoil: npocnoelfHoil: o6MeHHoil: cnoco6HoCTH «BepMHKynHTa» 154 M3KB/ 1 00 r; % 'Vr' = 

CaEC-KEC 
154 x 100. TaKlKe MOlKHO BbIC1fHTaTb npocnoelfHYlO IPpaKl(HIO (VIF) «BepMHKYnHTa» 

CaEC-KEC 
CaEC: VI F = CaEC . 113MepJleMbliI: «BepMHKynHT» npHBo.o;HTCJI B noil: pa60Te B KOBbl1fKaX, 

TaK KaK npH 3TOM MeTo.o;e B03HHKalOT BonpOCbI: qTO lKe B caMOM .o;ene H3MepJleTCJI? qTO 3a npe.o;­
IIonOlKeHHJI? H T . .0;. TaKlKe MOlKHO B03pa3HTb, lfTO 3TO onpe.o;eneHHe Onepal(HOHHa1I npol(e,n;ypa .o;nH 
XapaKTepH3al(HH KaTHoHoo6MeHHbix KOMnneKCOB. 

Y,n;aneHHe cB06o.o;HbIX omceil: lKene3a nOBblCHno 3HalfeHHH CaEC H KEC Pa3HbIX n01fB, HO 
HHKaKoro BnHJlHHH nOlfTH He OKa3ano Ha npOl(eHT 'Vr'. Ha KonHlfeCTBO CBJl3aHHOro K nOBnHJlna 
TeMIIeparypa BblCYllIHBaHHJI nocne Hacblll(eHHH K (BH3aBH B03.o;YllIHO:il: CyllIKH HnH BbICYllIHBaHHH B 
nelfH). TruaTenbHoe .o;po6neHHe MOHTaHCKOrO H aIPpHKaHcKoro BepMHKYnHTOB 3HalfHTenbHO nOBbl­
CHno HX CEC H H3MepeHHbie BenHlfHHbI «BepMHKynHTa», HO 01feHb Mano IIOBnHJlnO Ha ,n;Ba 06pa3l(a 
canpOnHTa H3 xnopHCToro MeTa6a3anbTa. 
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