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Abstract-I.R. band shifts in the 830, 750 and 530 cm-I regions that occur in interstratified layer 
silicates on heating were used to characterize the nature of the component layers. Two specimens 
showed shifts characteristic of 1 M illite and montmorillonite. Another specimen was similar to 2M 
illite even though the proportion of expanding layers was 0-4. The shifts for rectorite and allevardite 
resembled those of paragonite and 2 M ilIite. 

INTRODUCTION 
INTERSTRATIFIED layer silicate minerals are 
described by the nature and properties of their 
elementary layers and by the statistical sequence of 
stacking of the layers. While X-ray methods have 
been used to determine the probability of the 
sequence of the elementary layers (Bradley, 1950; 
Brindley, 1956; Sato et al., 1965), the nature of the 
elementary 2: I layers in interstratified minerals is 
difficult to determine because of the variation 
within and between specimens. A variety of 
methods such as chemical analysis, C.E.C., 
unmixing of exchangeable cations, surface area, 
DT A and infra-red absorption have been used to 
describe the layers (Cole and Hosking, 1957; 
Oinuma and Hayashi, 1965, 1968; Kodama, 1966). 

To clarify further the properties of the elementary 
layers of interstratified minerals, we made use of 
the fact that crystal distortion caused by heating is 
reflected in i.r. absorption patterns of such minerals. 
In this paper, thermally induced shifts in character­
istic absorption bands of a variety of interstratified 
minerals and of monomineralic type clay specimens 
are discussed III relation to previously published 
data. 

SPECIMENS 

Specimen K. In tuff in the Noborikawa coal­
bearing formation at Kamisunagawa, Hokkaido, 
Japan. 

Specimen S. In the alteration area ofthe Shakanai 
mine, Akita Prefecture, Japan. 
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The mineralogical properties are very similar 
to each other.:j: They give a strong reflection at 
about 29"\ with higher orders, but there is an 
additional 11·8"\ reflection. When heated to 550°C 
a 10·8"\ reflection appeared. From Fourie; 
transform analysis these minerals are known to 
con~ist of three kinds of layers - a mica layer 
(lOA in layer thi~kness), a 2: 1 layer with a single 
wat~r layer (12A) and an expandable 2: 1 layer 
(15A). 

Specimen Y. Associated with pyrophyllite at the 
Y onago mine, N agano Prefecture, Japan. 

This specimen gives strong reflections at 27·6 
and 12·9"\ and a 10'1"\ peak at 550°C. The propor­
tion of non-expandable layers is about 0·6 (Kodama 
et al., 1969). 

Allevardite. AlIevard, France. 
This specimen is a regular interstratified mineral 

of a mica-type structure with layers of water 
molecules separating double mica layers (Henin, 
Esquievin a!,1d Caillere, 1954; Brindley, 1956). It 
gives

o 
a 24·5A reflection with its higher orders and a 

19·5A peak at 550°C. 
Rectorite. Fort Sandman Dist., Pakistan. 
Rectorite. North Little Rock, Arkansas. 
Bradley (1950) showed that rectorite is a regular 

interstratification of pyrophyllite-like and vermi­
culite-like layers. Later, Brown and Weir (1963) 
described rectorite as a regular interstratified 
mineral of mica-like and montmorillonite-like 
minerals, and they also showed that rectorite and 
allevardite are similar. Recently, Kodama (1966) 
showed that the mica-like layers in rectorite are 
similar to paragonite and that the montmorillonite 
layers have a mixed montmorillonite-beidellite 
nature. 

For comparison, the following (pure clay 
minerals) were also used in this study. 
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(a) 1 M illite: Boulder Canyon (4-mile Creek) 
Colorado. 
(b) 2M illite: The Goto mine, Nagasaki Prefecture, 
Japan (Tomita and Sudo, 1968). 
(c) Paragonite: Monte Camione, Switzerland. 
Associated with kyanite and staurolite. 
(d) Pyrophyllite: Robbins, North Carolina (AP) 
sample H-49). 
(e) Montmorillonite: Polkville, Miss (API sample 
H-19). 
(f) Beidellite: Putnam, Missouri. 

EXPERIMENTAL PROCEDURE 

The < 2 micron fraction of each specimen was 
obtained by gravity sedimentation, flocculation of 
the suspensions with CaCI2 , washing and freeze­
drying. After the heat treatments in a muffle furnace 
at the appropriate temperatures for three hours, the 
specimens were cooled in a dessicator to prevent 
rehydration. 

For the i.r. technique pellets contaInIng 1 mg 
specimen mixed with 400mg KBr were pressed 
under vacuum at 16,000 pounds/in2 pressure and 
stored in a dessicator. A Beckman IR-12 spectro­
photometer was used with the following operating 
conditions (Double beam against KBr; scan rate 
80 cm-1/min; gain 3 per cent; period 8). 

RESULTS 

T he pure clay minerals 
The pure clay minerals gave different i.r. absorp­

tion patterns before and after heating (Fig. I). 
On heating, the OH absorption bands disappeared 
as expected, and there were also changes in the 
absorption bands at 830, 750 and 530 cm-1 
which are attributed to Si-O-Al bands (Farmer 
and Russell, 1964). These changes are related to 
the distortion of the silicate framework and seem to 
be specific for certain minerals. The shifts in the 

WAVE NUMBER CM-1 

Fig. 1. I.R. spectra before and after heating at 700°C. (a) 1 M illite; (b) 2 M illite; 
(c) paragonite; (d) pyrophyllite; (e) montmorillonite; (f) beidellite. 
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bands on heating were distinctive with respect to 
the magnitude of the shift and the temperature at 
which it occurred. 

The 830 cm- l band in the three micas shifted to 
about 840 cm- l at 700°C. The I M illite showed a 
larger shift of the 830 cm- I band than the 2M illite 
or paragonite. Pyrophyllite showed virtually no 
change of the 838 cm-I band on heating and the 
band was absent from montmorillonite or beidellite. 

I n the three micas, the 750 cm- I band ap­
peared to shift to 725 cm- I when heated to 700°C 
while a very weak absorption effect remained at 
750 cm-I. Pyrophyllite and montmorillonite 
showed an absorption band at 738 cm-Ion heating 
at 700°C which was not present in the unheated 
specimen. 

In montmorillonite the shift of the 530 cm- l 

band occurred on heating to 700°C whereas with 
the other minerals the shift occurred at 550°C. 
Presumably, the temperature of the shift is related 
to the temperature of dehydroxylation. The initial 
band position varied considerably (Table I) 
among the minerals and the magnitude of the band 
shift on heating varied from 20 cm- I for the 2M 
micas to 66 cm- l for montmorillonite. 

Specimen K and S 
The two specimens showed similar absorption 

bands and only the data for specimen K are given in 
Table I. The OH-stretching bands at 3640 cm-I 
and 3445 cm-I persisted up to 550°C. The Si-O 
vibration at 1035 cm- I, with shoulders at 1100 
and 995 cm-I, shifted slightly to 1025 cm- I and 
persisted on heating to 800°C. The 830 cm- I band 
moved to 848 cm-I at 550°C. The 760 cm- I band 
weakened and broadened at 500°C and a new 
absorption band appeared at 730 cm- I then shifted 
to 728 cm- l at 700°C. The 535 cm- I band broad­
ened at 45°C. At 550°C, small peaks at 528 cm- I 

and 566 cm-I appeared, while a new band at 
585 cm- l appeared at 700°C. and the 566 cm-I 
persisted to 800°C. 

Fourier transform analysis of specimens K and S 
indicated three kinds of layers, mica (10..\ in layer 
thickness), a mica layer with a single water layer 
(12..\) and an expandable layer (15..\). The DT A 
pattern showed two dehydroxylation endotherms 
at 550°C and 700°C. The 700°C endotherm and the 
presence of i.r. bands of 528 cm- I at 550°C and at 
585 cm- l at 700°C are indicative ofmontmorillonite. 
The 500°C DT A endotherm and the shift of the 
535 cm- l band to 566 cm- I at 550°C indicate 
I M mica layers with the possibility of an overlap­
ping beidellite band. 

Specimen Y 
The OH-stretching absorption band at 3650 cm- I 

CCM Vol. 1'. No.l -E. 

was slightly higher than that of 2M iIIite. On 
heating, the intensity of it decreased and the wave 
number increased to 3660 cm- l at 550°C. When 
heated at 800°C, the band completely disappeared 
but it reappeared after the heated specimen was 
immersed in water for 10 hr. 

Although the 930 cm-I OH-bending vibration 
disappeared at 450°C, the Si-O vibration at 
1022 cm- I persisted to 700°C and split into two 
bands at 1048 and 998 cm-J at 800°C. Paragonite 
and 2M illite also showed this shift (Table I). 

The 820 cm- I band with a shoulder at 810 cm- I 
shifted to 840 cm-I at 550°C. The strong 758 cm- I 
band remained in the same position and decreased 
in intensity. The weak 728 cm- I peak shifted to 
722 cm- I and increased in intensity. The strong 
540 cm- I band shifted to 568 cm- I and increased in 
intensity. These changes are comparable with those 
in 2M illite and paragonite. 

The results would indicate that the specimen is 
composed of one kind of silicate layer and corrob­
bate DT A data which showed only one endo­
thermic dehydroxylation reaction at 550°C 
(Shimoda et al. , 1969). Based upon these interpreta­
tions the expanding layers, the proportion of which 
were found previously to be 0·4 (Kodama et al., 
1969), must have been similar to 2M illite layers. 

A llevardite and rectorite 
The OH-stretching bands of the two specimens 

appeared at 3650 cm-I. With rectorite, the 3650 
cm- I bend shifted to 3635 cm-I and weakened at 
550°C, but with allevardite it moved to 3660 cm-I 
at 550°C. When heated at 700°C, the OH-stretching 
bands of the two minerals disappeared (Fig. 2). 
Rectorite shows a single DT A dehydroxylation 
peak whereas allevardite shows a doublet (Cole 
and Hosking, 1957) and this difference is reflected 
in the shifts of the OH-stretching i.r. bands on 
heating. 

As seen in Fig. 2 in the range 400-1300 cm-I the 
spectra of the untreated minerals are similar to each 
other and to the curve shown by Farmer and 
Russell (1964). The changes on heating did not 
match those of any of the pure minerals but 
resembled paragonite. The 547 cm-I band, which 
has a higher wave number than any of the pure 
minerals , shifted to 570 cm-I at 550°C. This 
20 cm- I band shift was similar to paragonite of 2M 
illite. Thus , even though rectorite and allevardite 
show differences in dehydtoxylation and in the 
OH-stretching i.r. vibrations, the Si-O-AI absorp­
tion bands and the band shifts on heating were 
similar for the two minerals. 

The rectorite Si-O-AI band positions and shifts 
on heating differ from those of pyrophyllite, 
montmorillonite and beidellite but in a broad 
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WAVE NUMBER CM-1 

Fig. 2. I.R. spectra of interstratified minerals K and y, 
rectorite (R), and allevardite (A), before and after 

heating at 700°C. 

sense the i.r. absorption characteristics are 
similar to those of paragonite or 2M illite. The 
slight differences between rectorite and mica were 
explained by Famer and Russell 1964 as related to 
differences in the substitution of AI for Si in the 
tetrahedral layer. Kodama (1966) showed that 
rectorite had a net octahedral positive charge of 
+0·63 per unit cell and it is possible that the i.r. 
band shifts of rectorite are related to the high 
content of octahedral layer cations also. 

CONCLUSION 

The shifts of the Si-O-AI i.r. absorption bands 
on heating give both positive and negative clues as 

to the nature of the component layers of inter­
stratified minerals. Specimens K and S showed 1 M 
illite and montmorillonite bands and band shifts. 
Specimen Y gave bands characteristic of 2M iIIite 
only, even though it had been previously shown 
(Kodama et al., 1969) that the proportion of 
expanding layers was 0·4. Rectorite and allevar­
dite showed i.r. absorption characteristics similar 
to paragonite and 2M iIIite. They showed no 
similarity to montmorillonite or beidellite even 
though the 0·5 expanding layers showed X-ray 
diffraction characteristics of a 3: 1 mixture of 
beidellite and montmorillonite. 

The i.f. absorption characteristics corroborate 
the separation of interstratified minerals into the 
two groups proposed by I Shimoda et al. (1969). 
Specimens K and S may be called interstratified 
mica and montmorillonite. For specimen Y, the 
name of hydrous mica complex (Shimoda and Sudo, 
1960; Kodama et aI., 1969) seems to be more 
descriptive. Rectorite fits the first group on the 
basis of its X-ray characteristics and fits the 
second group on the basis of its i.r. absorption band 
shifts on heating. 
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Resume-Les deplacements des bandes infra-rouges dans les zones 830, 750 et 530 cm-1 qui se 
produisent pendant le chauffage de silicates a couches interstratifiees, ont ele utilises pour caracteriser 
la nature des couches composantes. Deux speciment ont montre des deplacements caracteristiques 
de IM iIlite et montmorillonile. Un autre specimen etait similaire a 2M illite, bien que la proportion 
des couches en expansion etait de 0,4. Les deplacements pour la rectorite et I'allevardite ressemblaient 
a ceux de la paragonite et de l'illite 2M. 

Kurzreferat- Es wurden Verschiebungen der Ultrarotbander in den 830, 750 und 530 cm-1 Bereichen, 
die in zwischengeschichteten Silikaten bei der Erwarmung vorkommen, verwendet urn das Wesen der 
Einzelschichten zu charakterisieren. Zwei Proben wiesen Verschiebungen auf, die flir IM IIIit und 
Montmorillonit charakteristisch sind. Eine weitere Probe war ahnlich 2M IlIit obwohl der Anteil an 
ausdehnbaren Schichten 0.4 war. Die Verschiebungen fUr Rektorit und Allevardit waren ahnlich 
denjenigen von Paragonit und 2M IIJit. 

Pe310Me - CMern;eHHe I1K-noJloc CMellIaHHOCJlOHHbIX CHJlHKaTOB npH 830, 750 H 530 CM- 1 

BCJle,[lCTBHe HarpeBaHlHI HCnOJlb30BaHO ,[IJllI xapaKTeplfCTIfKIf nplfpO,[lbI COCTaBJllIlOrn;IfX CJlOeB. L(Ba 
o6pa3ua o6HapYlKHJlIf CMern;eHHlI, xapaKTepHble ,[IJllI IfJlJlHTa I M H MOHTMOPHJlJlOHIfTa. O,[lHH 
o6pa3eu aHaJlOr",leH IfJlJlHTY 2M HeCMOTpll Ha TO, 'iTO J{OJlll pa36yxaI<lrn;ero KOMIIOHeHTa B HeM 
COCTaBJllIeT 0,4. CMellIeHlfll nOJloc )],JllI peKToplfTa H aJlJleBap)],HTa aHaJlOflf'iHbl CMellIeHlf)[M nOJloc 
,[IJI)[ naparoHHTa H HJlJlHTa 2M. 
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