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Abstract--Alkylammonium ion exchange on mixed-layer minerals gives detailed information about the variation of cation 
density in succeeding interlayer spaces. Three mixed layer samples from Japan (supplied by Dr. H. Kodama) were in- 
vestigated. Their nearly 1:1 interstratification is based on regularly alternating high- and low-charged interlayer spaces, 
which are caused by a regular sequence of polar layers. The cation density in the high-charged interlayer spaces is >0.8 
eq/(Si, Al)4Oto. The low-charged interlayer spaces have an average cation density of 0.4 eq/(Si, Al)4Oio and heterogeneous 
charge distribution. The kind of heterogeneity of the Goto Mine sample differs from that of the Yonago Mine and the 
Honami Mine samples. 

The Goto Mine specimen has a rather regular sequence of the low- and high-charged interlayers in proportions close 
to 0.50:0.50. The other two samples contain interlayer spaces with pronounced unsymmetrical charge distribution. The 
Yonago Mine sample probably has in random distribution with the polar layers about 10% mica-like layers segregated to 
packets of three and more layers; the ratio of high-charged interlayers to the low-charged ones is increased to about 
0.55:0.45. The Honami Mine sample probably contains isolated mica-like layers or pairs of them. The proportion of the 
high-charged interlayers is estimated to be about 0.53:0.47 and is lower than determined by Kodama from the glycerolated 
sample. 

The samples investigated may be considered as end-members of a series of interstratified specimens which begins with 
smectites with mixed-layer like charge distribution. 
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INTRODUCTION 

Almost all natural smectitic clay minerals have a het- 
erogeneous charge distribution: the cationic charge 
density in the interlayer spaces varies within the inter- 
layer spaces and from interlayer to interlayer. Indica- 
tions of charge heterogeneity were reported by Jonas 
and Roberson (1966), Byrne (1954), McAtee (1958a, b), 
Sudo et al. (1962), Tettenhorst and Johns (1966), and 
Clementz and Mortland (1974). A more quantitative 
picture could be obtained from the X-ray investigation 
of organic derivatives, especially the alkylammonium 
derivatives (Stul and Mortier, 1974; Lagaly and Weiss, 
1976; Lagaly et al., 1976; Rengasamy et al., 1976). 

The interlayer cation density of smectites varies 
mostly between 0.28 and 0.42 eq/(Si,A1)4010 (Lagaly 
and Weiss, 1976). Only about 10% of 300 smectites in- 
vestigated in our laboratory present a uniform distri- 
bution of the interlayer cation density (Figure la). 
About 50% are characterized by the type of heteroge- 
neity illustrated in Figure lb. The crystals are com- 
posed of differently charged layers so that most of the 
interlayer spaces, for example, have either 0.24-0.26 
or 0.28-0.31 cations per unit: the smectites are mixed- 
layer minerals of relatively similar layers which differ 
little by the charge density or charge distribution. The 
charge distribution of an ideal mixed-layer mineral is 
shown in Figure lc. In real cases, the charge density of 
the interlayers should vary around two values as a con- 
sequence of the usual charge heterogeneity in smec- 
tites. Figure 2 illustrates different cases of smectitic in- 
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terstratification with more or less overlapping 
distribution curves; Figure 2e shows an extreme case 
with interlayer spaces of about 0.9-1.0 eq/(Si,A1)4010 
alternating with low-charged smectitic interlayers with 
heterogeneous charge distribution. 

Alkylammonium ion exchange provides a simple 
method for analysis of charge heterogeneity in smec- 
tires and vermiculites (Lagaly and Weiss, 1976). Ran- 
dom interstratification of smectitic interlayer spaces 
with cation densities varying between two limits and of 
mica-like interlayers probably also with varying cation 
densities makes the interpretation of the X-ray pattern 
of the alkylammonium derivatives difficult, but regular 
interstratification allows an extensive interpretation of 
the X-ray diagrams. We thank Dr. H. Kodama (Soil 
Research Institute, Ottawa, Ontario, Canada), who 
supplied us with three samples of regular interstratified 
hydrous micas from Japan for investigation. 

EXPERIMENTAL 

Description of the samples 

The hydrous micas from Japan supplied by Dr. H. 
Kodama are hydrothermal alteration products, which 
were collected at the Goto Mine in the Nagasaki Pre- 
fecture, Yonago Mine, and Honami Mine in the Nagano 
Prefecture. They were described in detail by Kodama 
et al. (1969). 

According to the X-ray patterns of the air-dried sam- 
ples and their glycerol complexes they are rectorite-like 
minerals with mica-like and smectitic or vermiculitic 
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Fig. 1. Types of charge distribution in smectites, a. Uniform distribution (montmorillonite from Groschlattengr(in D 3/1, Bavaria); and b."mixed- 
layer" like charge distribution (montmorillonite from Italy, type Cinicola N, S. Cinicola, Mailand). 

interlayers in a 1:1 ratio. From chemical analyses re- 
ported by Kodama the average of the layer charge is 
0.65-0.70 eq/(Si,Al),O10. Assuming a mixing ratio of 
about h 1 and a cation density of ~1 eq/(Si,Al)4Ox0 for 
the mica-like interlayer spaces one estimates the smec- 
titic charge density ~: for the Goto sample from (1 + ~)/ 
2 = 0.70 to be ~: = 0.4 eq/(Si,A1)4Oi0 and for Yonago 
and Honami ~ = 0.36 and 0.4 eq/(Si,AI)4010. 

Data obtainable by the alkylammonium method 

Smectites exchange quantitatively their interlayer 
cations for alkylammonium ions (nc = 10-181) within 
some hours. Micas with layer charges >0.8 eq/ 
(Si,Al)4010 react very slowly; within some days one 
cannot observe any change of the basal spacing due to 
K+/alkylammonium ion exchange. A mixed-layer min- 
eral with mica-like and smectitic interlayer spaces ex- 
changes only the cations of the low-charged interlayer 
spaces if treated for a short period with alkylammonium 
chloride solutions. This allows exact determination of 
the cation density and charge heterogeneity of the 
smectitic interlayer spaces of regular or nearly regular 
mixed-layer minerals. The charge heterogeneity of the 
mica-like interlayers cannot be detected. 

Preparation and investigation of 
alkylammonium derivatives 

Small amounts (about 50 mg) of the three minerals 
were treated with alkylammonium chloride solutions 

1 nc: number of carbon atoms in the alkyl chain of the alkylam- 

m o n i u m  ions CncH~nc+lNHa +. 

for 2, 4, 30, and 100 days at 65~ From the powder 
patterns (Debye-Scherrer cameras, 114.3 mm) of the 
washed and vacuum-dried alkylammonium derivatives 
the d-values of the (001)-reflections were determined. 
In a similar way the (001)-reflections of the alkylam- 
monium derivatives swollen under alkanol were re- 
corded and analyzed (for details see Lagaly and Weiss, 
1976; Lagaly et al. 1976). 
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c. Ideal mixed-layer mineral with smectitic and mica-like in- 

terlayer spaces. 
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lnterstratification in smectitic mixed-layer minerals: a series of smectites with more or less overlapping charge distribution curves (a- 
c) ending in typical mixed-layer minerals (d, e). a. Beidellite B 13, Unterrupsroth/Rhfn, Germany; b. Ponza bentonite, SC 34, Italy; and c. 

Bentonite, La Petatera, SC 43, Mexico. 

RESULTS 

Exchange of alkylammonium ions increases the basal 
spacing to 2.5-3.2 nm. There are no pronounced dif- 
ferences of the spacings if the reaction times are pro- 
longed up to 4 weeks (Figure 3). The way in which the 
spacing increases with chain length is similar to that of 
a typical smectite (Figure 4). Since the spacings of the 
mixed-layer minerals are about 1 nm higher, it can be 
immediately concluded (Weiss et al., 1970) that smec- 

titic interlayers alternate regularly with mica-like 
interlayers. 

By subtracting 0.97 nm from the basal spacings of the 
Goto mineral one obtains a curve typical for a smectite 
with a monolayer plateau at 1.33 nm and a bilayer pla- 
teau at 1.77 nm. The rearrangement of the monolayers 
into bilayers starts at nc > 6 and is completed at nc = 
12. From these points one calculates that the charge 
density of the smectitic interlayers varies between 0.31 
(from nc = 12) and 0.51 eq/(Si,A1)40~0 (from nc = 6). 
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Fig. 2. d. Bentonite, Sardinia, SC 24, Italy; and e. Rectorite, Little Rock, Arkansas, USA. 
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At nc > 15 the bilayer rearranges into the pseudo-tri- 
molecular structure. This transition indicates an upper 
charge limit of 0.52 eq/(Si,A1)401o in good agreement 
with the monolayer/bilayer transition. 

The charge distribution (Figure 5a) is calculated from 
the variation of d001 with nc between nc = 6 and nc = 
12 (Stul and Mortier, 1974; Lagaly and Weiss, 1976). 
There are two types of smectitic interlayers. About 76% 
of the smectitic interlayers have cation densities around 
0.37 and 24% densities of 0.46-0.51 eq/(Si,Al)40~0. 2 
The average cation density of 0.40 eq/(Si,A1)4010 cal- 
culated from the distribution is in agreement with the 
value of 0.40 estimated from Kodama's analytical data. 

The Yonago sample gives similar spacings (Figure 3) 
but a completely different charge distribution (Figure 
5b). The frequency of the differently charged interlay- 
ers does not vary around a distinct value, but decreases 
with decreasing charge density. The upper limit of the 
cation density calculated from the transition: bilayer/ 
pseudo-trimolecular layer is higher (0.55 eq/(Si,A1)40 lo 
from nc = 14) than that from the monolayer/bilayer 
transition (0.46 eq/(Si,Al)4010 from nc = 7). This indi- 
cates interlayer spaces with unsymmetrical charge dis- 
tribution (Lagaly et al., 1976). The average charge den- 
sity calculated from the distribution curve is 0.40 eq/ 

This proport ion suggests some regularities of  the charge  density 
distribution in the smectit ic inter layer  spaces.  

(Si,A1)4010 in agreement with the value of 0.36 eq/ 
(Si,A1)4010 estimated from analytical data. 

The sample from Honami has a similar charge dis- 
tribution to that of the Yonago sample with interlayer 
charge densities between 0.33 and 0.46 eq/(Si,A1)4Oao. 
The difference between the highest value calculated 
from the transition bilayer/pseudo-trimolecular layer 
(0.62 eq/(Si,A1)4Olo from nc = 12) and that from the 
monolayer/bi layer  transition at nc ~ 7 (0.46 eq/ 
(Si,Al)4Olo) reveals pronounced unsymmetrical charge 
distributions in some interlayer spaces. The mean 
charge density of 0.40 is markedly higher than the value 
of about 0.30 estimated from the analytical data. 

DISCUSSION 

The term "layer charge" has been avoided in the 
preceding chapters. The alkylammonium method mea- 
sures the density of the interlayer cations and.not the 
layercharge; the layer charge has to be deduced from 
the interlayer cation densitv. Another reason is that i_n- 
terstrat~'fication can be detected only if the interlayer s 
have dillerent cation densities. An example is illustrat- 
ed in Figure 6a. For a regular interstratification of high- 
and low-charged layers in ratios of about 1:1 all inter- 
layer spaces have the same cation density. Since all 
tests for interstratification are based on differences of 
the interlayer cation density, the sample appears as a 
homogeneous mineral and the mixed-layer character 
cannot be detected. An indication o f  this type of inter- 
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layers in the sequence of polar layers (units A as in Figure 6h); model for the Yonago Mine sample. 

stratification might be obtained by the alkylammonium 
exchange. As discussed above, differences between the 
upper limit of the cation density calculated from the 
transition bilayer/pseudo-trimolecular layer and that 
from the monolayer/bilayer transition reveal unsym- 
metrically charged interlayer spaces (Figure 6a). This 
implies that the " faces"  of the layers forming the in- 
terlayer space are differently charged (Lagaly et al., 
1976). If the proportion of the high- and low-charged 
layers differs from 1:1, two or three kinds of interlayer 
spaces occur and the interstratification can be recog- 
nized. 

Experimental results which indicate a regular alter- 
nation of high- and low-charged interlayer spaces, can 
be interpreted best by the model in Figure 6b: the sili- 
cate layers are polar and their polar axes alternate reg- 
ularly (Lippmann and Johns, 1969; Veniale, 1970; 
Weiss et al. 1970). 

The same type of structure has to be postulated for 
the three samples investigated. The alkylammonium 
method gives an average charge density of the smectitic 
interlayers of 0.4 eq/(Si,A1)4010; the charge density of 
the mica-like interlayers cannot be determined as ex- 
plained above. 

Th e proportions of the differently charged interlayer 
spaces cannot be directly obtained by the alkylammo- 
nium ion exchange. The procedure described above is 
based on the assumption that the proportion of high- 
and low-charged interlayer spaces is about 1:1. This 

seems to be especially true for the Goto sample. The 
conclusion is drawn from the fact that the difference 
between the bilayer plateau of the mixed-layer mineral 
(2.74 nm, Figures 3, 4) and the bilayer layer plateau of 
a typical smectite (1.77 nm) corresponds to the identity 
period in micas. In contrast, the Yonago sample has its 
bilayer plateau at 2.80 nm and, therefore, 1.03 nm 
above the bilayer plateau of smectites. 

At first glance one might assume that in the Yonago 
sample the mica-like interlayers have reacted with al- 
kylammonium ions to some extent or that the propor- 
tion of the smectitic interlayers is higher than 50%. The 
first assumption can be rejected since after exchange 
of alkylammonium ions the spacing of the mica-like in- 
terlayers would increase with chain length and prevent 
the formation of a bilayer plateau. The second assump- 
tion contradicts another experimental result. Swelling 
of the decylammonium derivative, for example, with 
decanol gives a spacing of 4.71 nm, which is 0.04 nm 
smaller than expected (4.75 n m =  3.78 nm for the 
smectitic + 0.97 nm for the mica-like interlayers). For  
the corresponding dodecylammonium derivative the 
spacing is again too low (0.04 nm). When the proportion 
of smectitic interlayers was increased, the swollen sam- 
ples should have higher spacings! There are only cer- 
tain models consistent with these experimental results. 
A simple model explains the experimental facts: Some 
of the units A (Figure 6c) including a high- and a low- 
charged interlayer space are randomly replaced by ag- 
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layers which contribute to the enhanced unsymmetrical charge distribution in the smectitic interlayer spaces. 

gregates of three or more mica layers (units B). In the 
unswollen alkylammonium derivatives units B (with 
three mica-like interlayers about 3.0.97 = 2.91 nm or 
with four mica-like interlayers 4.0.97 = 3.88 nm thick) 
are larger than the units A (2.74 nm thick at the bilayer 
plateau); random interstratification of units A with units 
B, therefore, increases the spacing at the bilayer pla- 
teau. In the swollen samples units A become thicker 
(3.78 + 0.97 = 4.75 nm) than the units B (again 3.88 
nm) and random interstratification decreases the spac- 
ing. 

In a rough approximation the proportion x of units 
B is estimated from the observed spacing of 2.80 nm at 
the bilayer plateau by the relation: 

(1 - x).2.74 + 3.88x = 2.80; x = 0.05 

(2.74 nm: thickness of units A at bilayer plateau; 3.88 
nm: thickness of units B with four mica layers). For the 
monolayer plateau at 2.42 nm (units A: 1.36 + 0.97 = 
2.33 nm thick) one obtains: 

(1 - x)'2.33 + 3.88x = 2.42; x = 0.06. 

For the decylammonium derivative swollen under dec- 
anol (units A: 3.78 + 0.97 = 4.75 nm thick; observed 
spacing: 4.71 nm): 

(1 - x).4.75 + 3.88x = 4.71; x = 0.05 

(if the units B are considered to contain only three mi- 
ca-like interlayers, the proportions of B become too 

Interstratification of units A with 5% of units B (with 
four mica-like interlayers) shifts the proportion of mi- 
ca-like interlayers to smectitic ones from 0.50:0.50 to 
0.55:0.45 in agreement with Kodama's values (0.55:0.45) 
obtained from Fourier transforms of the glycerolated 
samples. The conclusions are also consistent with the 
probabilities reported: PAA and Paa high, PAB lower and 
PBB lOW. ("A"  referring to mica-like interlayers, " B"  
to smectitic interlayers.) 

The bilayer plateau of the Honami sample lies slightly 
(0.02 nm) below the bilayer plateau of the Goto Mine 
sample which might be considered as rather "ideal" 
regular 1:1 interstratification. The decreased spacing is 
produced by interstratification with isolated mica lay- 
ers or pairs of them (Figure 6d) and not with larger ag- 
gregates as in the Yonago sample. An estimation 
shows that 3-5% of the layers are pairs of mica 
layers. 

The Honami sample is characterized by a pro- 
nounced unsymmetrical charge distribution in the in- 
terlayers. The highest average cation density is about 
0.46 eq/(Si,Al)4010 (from transition: monolayer/bilay- 
er) but the highest charge density of one of the two 
silicate surfaces forming an interlayer space is at least 
0.6 eq/(Si,A1)40,0 (from transition: bilayer/pseudo-tri- 
molecular layer). 

Possibly the crystals contain, in addition to the usual 
charge heterogeneity, special defects such as contacts 
of the "smectitic face" of the polar layers with the 
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The total number  of  mica layers may be, therefore,  
higher than 5% but there is no chance to determine the 
exact  value.  

According to the calculations of  Kodama,  60% of the 
interlayer spaces behave as mica-like interlayer spaces 
by application of  the glycerol  test.  Since the alkylam- 
monium ion exchange reveals  that there really are no 
more than 55% of  true mica-like interlayers,  some of  
the highly charged " smec t i t i c "  interlayer spaces do not 
complete ly  expand with glycerol  and behave  as mica- 
like interlayers.  In the presence  of  divalent  cations 
the lattice expansion is restr icted to 1.4-1.5 nm for 
charge dens i t ies />0.6  eq/(Si,A1)4010. 

C O N C L U S I O N  

The terms " in ters t ra t i f ica t ion"  and "mixed- layer -  
ing"  are in general  used for minerals which contain two 
(or more) kinds of  layers in regular or  random distri- 
bution. The presence  of  two (or more) kinds of  layers 
can be obse rved  only when the interstrat i f icat ion 
creates inter layer  spaces with different cation density.  
Alternating inter layer  spaces with high and low cation 
density do not imply different types of  layers but are 
caused by polar  layers (Figure 6b). Typical  examples  
are the Goto,  Yonago,  and Honami  minerals.  These  
samples contain mica-like interlayers (cation density > 
0.8 eq/(Si,Al)4010) and smecti t ic interlayers (cation 
density about  0.4 eq/(Si,A1)4010). Cation density and 
charge distribution can be exact ly  determined by the 
a lkylammonium ion exchange  for the smecti t ic inter- 
layer spaces,  but not  for the mica-like ones;  it can only 
be stated that their charge densi ty must be higher than 

0.8 eq/(Si,A1)4010. 
Some deviat ions from regular 1:1 interstratification 

are detected by careful inspect ion of  the basal spacings 
of  the a lkylammonium derivat ives.  The Goto sample is 
a rather regular interstratification of  mica-like and 
smecti t ic inter layer  spaces in proport ion 0.50:0.50 
(Figure 6b). The  Yonago sample contains in random in- 
terstratification about  5% of  the layers as packets  of  
about  four  mica-like layers (Figure 6c). In the Honami  
mineral (Figure 6d) pairs of  two mica-like layers ap- 
pear  to be more f requent  than in the o ther  samples.  

In all samples one can clearly distinguish be tween  
mica-like and smecti t ic interlayers.  In o ther  samples 
with decreased cation density in the mica-like interlay- 

ical for many smecti tes.  These  charge distributions 
might then be considered as " r e l i c t s "  of  interstratifi- 
cation. One cannot  exclude the idea that in some cases 
the alteration of  micas starts with forming interstrati-  
fled samples as a consequence  of  coopera t ive  processes  
(see Sawhney,  1972). The interstratified products  are 
wea thered  to smecti tes which exhibit  a charge distri- 
bution like that in Figure 2 which provides  an indication 
of  their  origin. 
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Pe3~Me- HOHH~ O6MeH CMe~aHHOCnO~H~X MMHepa~oB H anKH~aMMOHH~ nO3BOnHeT 

nO~yqHT~ ~eTa~HyD MH~OpMa~HD O M3MeHeHM~X IL;IOTHOCTM KaTMOHOB B nocne~ym- 
~Hx Me~c~O~H~X HpoMe~yTKaX. Bhl~M Hccne~OBaH~ TpM CMemaHHO-C~O~HhLX o6pa3~a 

M3 HnOHMM (npe~ocTaBneHH~X ~p. KO~OMa). Hx nepecnaMBaHMe,6nM3Koe I:I OCHO-- 
BaHo Ha pePynHpHOM qepe~oBaHMH CM~5HO-- M cna0o-3ap~KeHH~X Me~cnO~H~X npo- 
Me~yTKOB,qTO o6yCnOBneHO pePyn~pHO~ ~OCne~OBaTen~HOCTBm nonHpH~x cnoeB. 
[]~qOTHOCTB KaTMOHOB B CPL~BHO 3ap~eHH~X MeEcnO~H~X npoMe~yTKax >0,89K/ 

(Si,AI)~0~o. Cna6o 3aps~KeHH~e npoMe~yTKH MMemT cpe~Hmm nnOTHOCT5 KaTMOHOB 
0,4sK(Si,AI)~0,0 H FeTepOFeHHOe pacnpe~eneHHe 3apH~OB. BM~ FeTepOFeHHOCTM 

O~pa3~OB POTO Ma~H OTnMqaeTc~ OT BM~OB FeTepOFeHHOCTM o6pas~oB HHaFO Ma~H 
H FOHaMM Ma~H. 06pa3e~ FOTO Ma~H HMeeT ~OBOnBHO peFyn~pHym nocne~oBaTen~- 
HOCT~ cna6o- H CMn~HO--~apH~KeHH51X Me~cnO~HhlX npoMe~yTKOB B HPO~Op~MM,6~M3- 

KO~ E 0,50:0,50. ~PyFHe ~Ba o6pa3~a co~ep~aT Me~cnoRH~e HpoMe~yTKM C HBHO 
HeCHMMeTpMqHS~M pacnpe~eneHMeM 3apH~OB. 06pa3e~ HHaFO Ma~H MMeeT OKOnO i0 
npo~eHTOB Cnm~O--HO~O6Hh]X cnoeB,6ecnop~i~OqHO HepeMe~a~Hxcs c ~O~HpH~MM 

CnO~MM M O6OCO6neHH~X B naKeT~ H3 Tpex M 6onee c~OeB; OTHO~eHMe CMn~HO 3a- 
pHYKeHHBLX Me~cnO~HBIX HpoMe~yTKOB H cna6o 3ap~DKeHHSLX Bo3pacTaeT ~O ~pMMepHo 
0,55:0,45. 0~pa3e~ FOHaMM Ma~H BOBMO~HO co~ep~MT H3onHpOBaHH~e cnm~o-no- 

~O~H~e CnOH H~H HX nap~. HPOnOp~M~ CHnbHO 3apFDKeHHBLX Me~cnO~HSLX npoMe~yT- 
KOB onpe~enHeTcH npMMepHo KaK 0,53:0,47 H HPDKe,qeM 65L~O onpe~eneHo KO~OMa 
B o6pa~OTaHHOM FnM~epMHOM o6pas~e. 

H3yqeHH~e o6pa3u~ MOFyT pacCMaTpMBaTSC~ KaK KOHeqH~e q~eH~ cepMH nepe- 
C~aHBa~HXCH o6pa3~OB,KOTOpa~ HaqMHaeTcH CMeKTMTaMM C ~O~O6HhlM CMe~aHHO- 
CnO~HOMy Pacnpe~eneHMD 3apH~oB. 

RESUME - Der Alkylammoniumionenaustausch an 2:1 Schichtsilikaten mit Wechsellagerungsstruk- 
tur erm~glicht Aussagen ~ber die Variationen der Kationendichte in aufeinanderfolgenden Zwi- 
schenschichtr~umen. Drei Proben aus Japan (zur VerfNgung gestellt von Dr. H. Kodama) wurden 
untersucht, lhre fast 1:1Wechsellagerung beruht auf regelm~ig abwechselnden hoch und nied- 
rig geladenen Zwischenschichtr~umen, welche durch eine regelm~$ige Anordnung polarer Schich- 
ten verursacht wird. Die Kationendichte in den hoch geladenen Zwischenschichtr~umen ist >0,8 
Nquivalente/(Si,Al)~O~0. Die niedrig geladenen Zwischenschichtr~ume haben eine mittlere Ka- 
tionendichte yon 0,4 Aquivalenten/(Si,Al)~O10 und die Ladungsverteilung ist heterogen. Die 
Proben yon Goto Mine, Yonaga Mine und Honami Mine besitzen alle eine verschiedene Heteroge- 
nit~t. Die Goto Mine Probe hat eine recht regelm~ige Anordnung der hoch und niedrig gelade- 
nen Zwischenschichten im Verh~Itnis 0,50:O,50. Die anderen zwei Proben enthalten Zwischen- 
schichtr~ume mit ausgesprochen unsymmetrischer Ladungsverteilung. Wahrscheinlich enth~it die 
Probe yon Yonaga Mine zus~tzlich Pakete aus mehreren Glimmerschichten. Das Verh~itnis der 
hoch geladenen Schichten zu den niedrig geladenen nimmt his etwa 0,55:0,4S zu. Die Honami- 
Probe enth~it wahrscheinlich isolierte Glimmerschichten oder Paare davon. Der Anteil der 
hoch geladenen Zwischenschichten wird auf 0,55:0,47 gesch~tzt und ist niedriger als Koda- 
mas Werte aus der Glycerinaufweitung. Die untersuchten Proben k~nnen als Entglieder einer 
Entwicklungsreihe yon Wechsellagerungsverbindungen angesehen werden, an deren Anfang die 
Smektite mit wechsellagerungsartiger Ladungsverteilung stehen. 

RESUME - L'~change d'ions alkylammonium sur des argiles interstratifi6es donne une in- 
formation d@tail~e concernant la variation de densit~ de cations dans la succession 
d'espaces interfeuillets. Trois exemples du Japon (procures par Dr.H.Kodama) ont ~t~ 
~tudi~s. Leur rapport d'interstratification, quasi 1:1, se base sur des espaces inter- 
feuillets alternants r~guli~rement entre des charges hautes et basses, qui sont causes 
par une suite r~guli~re de feuillets polaires. La densit~ de cations dans les espaces 
interfeuillets ~ haute charge est > 0,8 eq/(Si,Al)~Ol0. Les espaces interfeuillets 
basses charges ont une densit~ de cation moyenne de 0,4 eq/(Si,Al)~O*0 et une distri- 
bution de charge h6t~rog~ne. Le genre d'h~t~rog6n~it# des #chantillons des mines de 
Goto est diff6rant de celui des 6chantillons des mines de Yonago et de Honami. 

L'~chantillon de la mine de Goto a une s~quence assez r~guli~re d'espaces interfeuillets 
haute et basse charge dans des proportions proches de 0,50:0,50. Les deux autres ~chan- 

tillons contiennent des espaces interfeuillets dont la distribution de charge est d'une 
assym~trie prononc~e. L'~chantillon de la mine de Yonago a probablement, en distribu- 
tion fortuite avec des feuillets polaires, N peu pros 10 pourcent de feuillets semblables 
au mica, rassembl~s en paquets de trois feuillets ou plus; le rapport entre les espaces 
interfeuillets ~ haute charge et ceux de basse charge est augment6 ~ pros de 0,55:0,45. 
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L'~chantillen de la mine de Honami contient probablement des feuillets isol@s sembla- 
bles au mica, ou des paires de tels feuillets. La proportion des espaces interfeuillets 

haute charge est estim~e ~ pros de 0,53:0,47 et est plus basse que celle d~termin~e 
par Kodama de l'~chantillon glyc~rol~. 

Les ~chantillons ~tudi~s peuvent ~tre consid~r~s comme ~tant les termes extremes d' 
une s~rie d'6chantillons interstratif~s qui commence avec les smectites ~ distribution 
de charge semblable ~ celle des argiles interstratifi~es. 


