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Abstract-Two kerolite and one gamierite samples were subjected to progressive heat treatments prior to 
their examination by infrared spectroscopy (IR) in the 1200-600-cm- ' and 3800-3000-cm-1 regions. The 
heat treatment of the garnierite (a mixture ofnepouite and pimelite) selectively dehydroxylated the nepouite 
thus allowing an examination to be made of the OR-vibration bands due to the pimelite. Both the relative 
intensities of the 710-670-cm-1 doublet and of the different OR-stretching bands indicated the Nt content 
of this pimelite to be about 70%. The heat treatments did not modify the 1200-600-cm-1 region of the spectra 
of kerolites but caused a noticeable sharpening in the OR-stretching region. The relative intensities of the 
structural OR-stretching bands of dehydrated kerolites showed that they differ from Ni-tales of similar 
composition in the distribution of Ni and Mg in the octahedral sites. These cations are randomly distributed 
in Ni-talc but are mainly segregated into Mg and Ni domains in kerolite. Changes in sharpness, intensity, 
and position of the structural OR-stretching bands of the kerolites as temperature increases and dehydration 
progresses are similar to those undergone by Mg- or Li-saturated trioctahedral smectites. Also thermal 
analysis curves of these minerals show similarities with those of Mg- and Ni-saturated smectites, and sug
gest that in kerolites too, the hydration water is associated with interlayer (though non-exchangeable) Ni 
andlor Mg cations. 
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INTRODUCTION 

During the last decade , several papers have provided a 
better understanding ofthe Mg-Ni hydrous silicates and 
have clarified their nomenclature (see Brindley, 1980, 
for a recent review). It is now generally agreed to re
strict "garnierite" to a field term for all green, Ni-bear
ing, hydrous, phyllosilicates. Natural garnierites are 
generally mixtures of 1: 1 and 2: I , nonswelling, trioc
tahedrallayer silicates. 

The 2: 1 clay minerals in garnierite belong to the ker
olite-pimelite series and differ from their homologues 
in the ta1c-willemseite series in their chemical, infrared 
spectroscopic, and thermal properties . Although 
kerolite-pimelite minerals have similar MglNiratios as 
talc-willemseites, they usually occur in much smaller 
particle sizes and have a higher degree of stacking dis
order. Kerolite-pimelites also contain additional water 
(about 2H20 per unit cell). The loss of this additional 
water at higher temperature than the normal hydration 
water present in most clay minerals is clearly indicated 
in the shape of the thermogravimetric curve (Brindley 
and Pham Thi Hang, 1973). In addition, the infrared 
spectrum (IR) in the OH-stretching region is also af
fected by this extra water making the IR spectra of ker
olite-pimelites significantly different from those of talc
willemseites (Brindley et al., 1979). 
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The present paper examines the IR spectra of ker
olites and pimelites which have been subjected to pro
gressive heat treatments to remove their additional 
water. Such heat treatments may also destroy any 1: 1 
clay mineral contaminating the samples. In addition, the 
location of the additional water in kerolites is deduced 
from their IR spectra and the proportion of Ni and Mg 
in the minerals of common garnierite is determined. 

SAMPLES 

Three natural clays and a synthetic Ni-willemseite were 
studied . Two kerolite samples were selected from a bulk sam
pie from the Mont-Vert quarry , Nepoui, New Caledonia. After 
grinding the original material , homogeneous grains between 1 
and 2 mm were selected by hand picking using a binocular mi
croscope. Two samples, labeled K, and K 2, were thus ob
tained having slightly different greenish colors. The other nat
ural clay sample, labeled N-P, came from the Koungouahou 
quarry, Thio, New Caledonia. Although uniformly green and 
homogeneous under the microscope, this garnierite is a mix
ture of I: I and 2: I clay minerals (Lemaitre and Gerard, J 981; 
sample 37-1) . The synthetic willemseite, labeled W, was pre
pared according to the hydrothermal procedure of Martin et 
al. (1970). 
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METHODS 
After fluorhydric fusion (Voinovitch e/ al., 1962), the nat

ural samples were analyzed by atomic absorption spectros-
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Figure I . X-ray powder diffraction traces of samples before 
and after saturation with ethylene glycol (CuKa radiation). 

copy for Ni, Mg, AI, Fe, Co, Cr, Na, K, and Ca. Their H20+ 
content was determined from the weight of the sample when 
heated overnight at 105°C minus the weight ofthe same sample 
after it had been heated to lOOO°C for the same period of time. 
The thermogravimetric (TGA) curves were recorded using a 
SET ARAM thermobalance programed at a heating rate of IWCI 
min. 

X -ray powder diffraction (XRD) patterns of samples depos
ited on glass slides were recorded with a Philips diffractometer 
(Ni-filtered CuKa radiation, rate = 1°20Imin). The pattern of 
the synthetic willemseite was recorded after disorienting the 
sample by Niskanen's procedure (Niskanen, 1964). 

The JR spectra were obtained at ambient temperature using 
KBr pellets made from samples which had been subjected to 
the heating for 2 hr at selected temperatures (see Figures 3, 4, 
and 6). The concentration of clay in the pellets was varied de
pending on the region of the spectrum to be examined and the 
thermal treatment used. For deuteration experiments, the 
sample, initially dried at !05°C and prepared as a self-sustain
ing film (30 mg/cm2), was placed in a cell allowing pumping, 
deuteration, and heating within the spectrometer itself. D20 
vapor at saturation value was introduced in the cell prior to 
the thermal rise up to the selected temperature (see Figure 5) . 
After 30 min in this isothermal condition, the excess D20 was 
pumped out and the sample cooled to 110°C before recording 
the spectrum. 

RESULTS AND DISCUSSION 

Samples identification 

Figure 1 shows the XRD patterns of the starting sam
ples . These diagrams indicate the structural disorder and 
the higher d(OOl) value ofthe two kerolite samples com
pared to the better crystallinity of the synthetic wil-

Table I. Chemical analyses and formulae of kerolites K, 
and K2 (Nepoui, New Caledonia) and garnierite N-P (Thio, 
New Caledonia). 

Kerolite K. Kerolite K2 Garnierite N-P 

Chemical analyses (wt. %) 

SiOz 51.65 50.771 38.54' 
MgO 20.50 18.05 4.04 
NiO 19.12 23.25 47.61 
FezOa 0.43 
CoO 0.27 
HzO+ 8.45 7.93 8.95 

--
99.72 100.00 100.00 

Cations and water (HzO+ )/1-2 U.c. 
Si 3.80 3.80 3.48 

Mg 2.25 }3 38 2.01 } 3 41 
Ni 1.13' 1.40' ~:~~ } 3.99 

HzO+ 2.08 1.98 2.70 

1 Obtained by difference. 

lemseite. Like other specimens of the kerolite-pimelite 
series (Brindley et al., 1977, 1979), the kerolites par
tially expanded in the presence of ethylene glycol 
(K1EG, K 2EG); however, in water, similar swelling was 
not observed. 

In the XRD pattern of garnierite sample N-P (a mix
ture of 1:1 and 2:1 clay minerals), the intense basal re
flection at 7.3 A and the well-resolved peak at 2.63 A 
indicate that the serpentine phase of the mixture be
longs to the lizardite-nepouite series (Brindley and Wan, 
1975). The platy, lizardite-like appearance of most of 
the particles of this gamierite under the electron mi
croscope supports this identification. As in the kerolite 
samples, the 2: 1 layer silicate present in garnierite N-P 
does not swell in water. In ethylene glycol (N-P-EG), 
however, it swells more than the kerolites. 

The chemical analyses of the kerolite and garnierite 
samples (Table la) do not list AI20 a, Na20, KP, CaO, 
and Cr20a because less than 0.1% of these oxides was 
determined. The silica content of kerolite Kl was de
termined by alkaline fusion of a separate aliquot of the 
sample. Becuase this value agreed with the silica con
tent determined by difference, the silica contents in 
kerolite K2 and gamierite N-P were also deduced by 
difference. 

The structural formulae in Table Ib are based on an 
anionic composition 01O(OHh and total cation charge 
of 22 per half unit cell. They show that the number of 
octahedral cations in kerolites (-3.4) largely exceeds 
the maximum permissible value for a talc-like layer. In 
contrast, the silicon content of the unit cell shows a def
icit (3.8 instead of 4). Although discrepancies in the 
chemical composition of kerolites and talcs of similar 
NilMg ratio have been noted elsewhere (Brindley et ai., 
1979), the excess in octahedral cations and deficit in tet-
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Figure 2. (a) Differential thermal analysis (DTA) pattern of 
kerolite K 1; (b) Thermogravimetric curves (TGA) of kerolite 
Kl and willemseite Was compared with those of a Camp Ber
teau montmorillonite (Mt) saturated with different cations. The 
horizontal line on the curves indicates the theoretical limit be
tween the adsorbed and structural water. 

rahedral silicon observed here are significant. Previ
ously, Brindley and Pham Thi Hang (1973) suggested 
that the Si/R2+ (R2+ = NiH + Mgz+) of " garnierites" 
could be used to estimate their relative content of talc
like and serpentine phases. If applied to the chemical 
analysis of kerolites Kl and K z, the amount of serpen
tine in these samples should be as much as 30%, which 
is too high according to the XRD patterns (Figure I) and 
the differential thermal analysis and IR results reported 
below. The same calculation applied to garnierite N-P 
indicates a serpentine content of 70%, in reasonable 
agreement with the results of Lemaitre and Gerard ( 1981) 
and the XRD data (Figure I). Further, the high Ni con
tent of garnierite N-P (Table 1) indicates that this sam
ple consists of a mixture of nepouite and pimelite. 

The TGA curve illustrating the H 20+ data of Table 
la for kerolite Kl is presented in Figure 2. This clay has 
a structural formula showing an additional water con
tent of 1.08 mole per half unit cell (Table Ib). The shape 
of its TGA curve is typical of a kerolite in that the water 
is released progressively between 100° and 840°C and 
then, more abruptly, up to about 1000°C. Further, the 
contribution of this last step is smaller than that ex
pected for the weight loss due to the dehydroxylation 
of 2 OH per half unit cell. 

Although the presence of additional water is an im
portant characteristic ofkerolites and pimelites, it should 
be noted that this feature may also be exhibited by other 
2: 1 swelling layer silicates, the total weight loss and 
shape of the TGA curve being very dependent on the 
nature of their interlayer cation. This relationship is il
lustrated in Figure 2 where the TGA curve of a Na
montmorillonite is compared to those of Mg- and Ni
montmorillonites. For both the Mg- and Ni-smectites, 
the weight losses and curve shapes no longer agree with 
their hydroxyl contents and so the presence of addi
tional water is suggested. As pointed out by Mackenzie 
(1970), in smectites saturated with cations with high hy
dration energy such as Mg2+ and Ni2+, the dehydrox
ylation step may overlap with the last part of the de
hydration. By analogy, the additional water in clay 
minerals such as kerolites and pimelites might be due 
to water tightly held by interlayer (though non-ex
changeable) cations. This hypothesis is also supported 
by the DT A curve of kerolite K l (Figure 2) which, sim
ilarly to most of the DT A patterns of trioctahedral 
smectites illustrated by Mackenzie (1970, p. 512), ex
hibits a noticeable peak between 250° and 300°C. In this 
pattern, the small endothermic peak at about 560°C is 
probably due to minor contamination by a serpentine 
phase. 

Infrared spectra in the 1200-600-cm - 1 region 

Using the literature band assignments for talc, wil
lemseite , and Ni-Mg serpentines, the 1200-600-cm-1 

region of the IR spectrum confirms and complements 
the identifications reported above. Where only 2: 1 layer 
silicates were identified by XRD (Figure 1) in kerolites 
Kl and K2 (not shown) and in willemseite W, thermal 
treatment to 750°C did not modify the spectra in this 
region (Figure 3). Regardless of temperature , the strong 
symmetric band, assigned by Russell et al. (1970) to the 
AM tetrahedral vibration in talc, is present and, in 
agreement with their results, shifts slightly towards 
higher frequencies with increasing nickel content of the 
talc framework (i.e., ~1020 cm-1 in kerolite Kl and 
~ 1035 cm- 1 in willemseite W) (Figure 3). 

As noted by Stubican and Roy (1961) and Brindley 
et al. (1979) , the part of the 1200-600-cm-l region most 
sensitive to composition differences is the doublet at 
710 cm-1 and 670 cm-1• From the work of Russell et at. 
(1970), the assignment of the different vibrations con
tributing to this doublet is now well established and 
should be taken into account if the ratio of the inten
sities (measured by peak height above the base line) of 
the 710- and 670-cm-1 doublet is to be used for com
position estimates. Whereas the 71O-cm- l peak may un
ambiguously be assigned to the 1l0H-bending vibration 
in a Ni-talc-like environment, the 670-cm-1 region is 
composed of the superimposition of two phenomena, 
namely the 1l0H-bending vibration in a Mg-talc-like en
vironment and a tetrahedral (A.vz) vibration. Conse-
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Figure 3. Infrared spectra in the 1200-600-cm- 1 region. 

quently, equal intensity of the 710- and 670-cm-1 bands 
does not indicate an equal amount of Ni and Mg in the 
octahedral sheet of the talc layer. This ratio for the wil
lemselte W sample (Figure 3), as well as in similar wil
lemseite spectra shown by Wilkins and Ito (1967) and 
Russell et al. (1970), is about 2.1. The spectra of Wil
kins and Ito gives this ratio as zero for a Mg-talc, about 
I for a Mgo.23Nio.77 willemseite, and about 0.5 for a MgO•52 

Nio.48 talc. Because this ratio does not vary linearly with 
composition, it is only accurate for samples in the wil
lemseite (orpimelite) composition range. Further, where 
the NilMg ratio is lower than 0.5, the 670-cm~1 band 
broadens considerably because the frequency of the 
tetrahedral AM vibration is no longer exactly at 670 
cm - I. In a Mg-talc end member, this vibration is shifted 
by about 20 em-I towards higher frequencies and ap
pears as a shoulder at 690 cm-I (Russell et al., 1970). 
In kerolites Kl (Figure 3) and K2 (not shown), as well 
as in Ni-talc of similar composition (Wilkins and Ito, 
1967), the presence of Ni is indicated by a high fre
quency shoulder on the 67()...69{)-cm-' broad and com
plex band. In these spectra, however, a meaningful 7101 
670-cm-1 intensity ratio is no longer measurable. 

In agreement with the above data, the spectra of the 
moderately heated gamierite sample (Figure 3) indi
cates the presence of a Ni-rich serpentine phase. Here, 
the strong band near 1000 Cm~1 is less symmetric than 
in talc and has shoulders at 1080 and 980 em-I where 
normally tetrahedral vibrations are resolved in different 
varieties of serpentines (Yariv and Heller, 1975). Fur
ther, the spectra are also characterized by a strong (but 
complex) band with a maximum at 670 cm- I

• In the syn
thetic Mg-Ni serpentines of Jasmund el al. (1976), this 

frequency corresponds to the I)OH vibration of serpen
tines rich in Ni. 

From the observations of Ph am Thi Hang and Brind
ley (1973) and Lemaitre and Gerard (1981), it was ex
pected that heating a gamierite consisting of a mixture 
of serpentine and talc· like phases at either 6500 or 750°C 
should yield selective dehydroxylation of the serpen
tine without affecting the 2: 1 layer silicates also pres
ent. This thermal treatment significantly modified the 
IR spectra (Figure 3) of our sample: the lOOO-cm- ' re
gion became similar to that of talc, and its maximum 
shifted slightly towards higher frequencies . Further, the 
71O-670-cm-' doublet characteristic of aNi-rich talc
like layer was resolved. From the calibration of this 
doublet (as above), the pimelite in the original, un
heated gamierite N·P sample has an octahedral sheet 
containing about 70% Ni. 

Infrared spectra in the 3800-3000-cm -1 region 

Figure 4 presents the IR spectra of kerolites K, and 
K 2 , and willemseite W in the spectral range containing 
the OR-stretching vibrations of both structural hydrox
yl and water. 

In the case of no or restricted heating treatment the 
spectra of kerolites resemble those shown by Brindley 
et al. (1979) for kerolites of similar Ni contents. Su
perimposed on the broad water band are peaks at about 
3680 and 3625 cm - I which are distorted on their left side 
by shoulders at -3700 em- 1 and -3640 cm- !, respec
tively. The low temperature spectra of willemseite W 
are characterized by an unique sharp (- 5 cm-') peak 
at 3625 cm- I showing some tailing towards high fre-
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Figure 4. Infrared spectra in the 3800-3000-cm-' region. 

Table 2. Comparison of experimental (lob.) and theoretical (IuJ relative intensities of OH-st.retching bands in kerolites K. 
and K2 and in the pimelite present in garnierite N-P. 

Octahedral sheet 
composition l (%) 

Sample 

K. at 650"C 
Figure 4 59 

K, at 750"C 
Figure 4 61 

K2 at 650·C 
Figure 4 55 

K. at 750·C 
Figure 4 56 

N-P at 750°C 
Figure 6 30 

K , at 560°C 
Figure 5 61 

41 

39 

45 

44 

70 

39 

45 

N" band 2 

3677 cm- I 

MgMgMg 

20.5 

43 .3 22 .8 

41 16.6 

39 17.6 

18 2.7 

2708 cm - ' 
44.5 22.8 

NB band2 

3662 em- I 
MgMgNi 

10.8 42.8 

17 43 .5 

11 40.8 

16 41.4 

II 18.9 

2700 cm-' 
15.5 43.5 

Nc band 2 

3645 em-I 
MgNiNi 

18.9 29.8 

18.3 27.8 

18.9 33.4 

18 32.5 

20 44.1 

2688 cm- ' 
18.2 27.8 

Nn band2 

3625 cm- I 

NiNiNi 

25.3 6.9 

21.3 5.9 

29.1 9.2 

27 8.5 

51 34.3 

2674 cm - ' 
21.8 5.9 

70.3 

64 .7 

69.1 

66 

62.1 

66.3 

, Estimated from Inhs ' Note for comparison that , from Table Ib, Mg/(Mg + Ni) = 66.6 in K, and 59.0 in K2 • 

2 Notation of OH-stretching bands according to Wilkins and Ito (1967) . 
3 l'h is calculated assuming a random distribution of Mg and Ni (estimated from lot>J within the octahedral sheel. 

27.4 

28 .7 

25.8 

26.1 

46.2 

28.7 
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quencies and a well-resolved band centered at about 
3580 cm- I . 

A comparison of the low-temperature spectra of ker
olites (Figure 4 and Figure 4 in Brindley et aI., 1979) 
with those of synthetic Ni-tales (Wilkins and Ito, 1967) 
or of a natural Mg-willemseite (De Waal, 1970) shows 
the differences in the 3800-3000-cm-1 region between 
the spectra. In Ni-talc and in Mg-wil1emseite, the struc
tural OI-l-stretching vibrations give rise to four sharp 
peaks (labeled N A, N B, N c, and No by Wilkins and Ito, 
1967) corresponding to four different environments of 
the hydroxyl groups (Table 2). Because the specific ab
sorption coefficient of these four bands is similar (Rous
seaux et at., 1973) and their width nearly the same, their 
intensity (1) provides a direct estimation of the com
position of the octahedral sheet in terms of Mg and Ni 
contents. For example, if I = INA + INB + INC + INo, 
MglMg + Ni (%) = (INA + ¥.3INB + Y:3Nc)/l. Further, 
the intensity ratios of ttiese bands indicate the parti
tioning of the two different cations within the octahe
dral sheet. For Ni-tales and Mg-willemseites, Wilkins 
and Ito (1967) and De Waal (1970) showed that the oc
tahedral Mg and Ni are almost perfectly randomly dis
tributed. The low-temperature spectra of kerolites Kl 
and K2 (Figure 4) suggest an important segregation of 
Mg and Ni as deduced from the large predominance of 
the NA (3 Mg) and No (3 Ni) bands over the NB (Mg
MgNi) and the N c (MgNiNi) bands. Below 550°C, how
ever, part of the additional water may be reversibly re
gained by the sample during cooling (Brindley et at. , 
1977), thus obscuring the spectra and making an ac
curate measurement of the intensity of the OH-stretch
ing bands difficult. Above 550°C the bands are sharper 
and lend themselves to quantitative evaluation (Table 
2). 

The intensities of the N bands obtained for kerolites 
KI and K t pretreated at 650°C and 750°C (Table 2) 
yield an estimation of octahedral Mg and Ni in reason
able agreement with the results of the chemical analy
sis. The IR data, however, systematically yield over
estimates of the Ni contents. Further, the data also 
suggest that both samples have much higher propor
tions of domains made of hydroxyls associated with 
either 3 Mg or 3 Ni (about 68%) than would be ex
pected from a random distribution of the Mg and Ni 
(-27%). Thus , for the whole range of temperatures 
investigated and more precisely for those samples pre
treated above 600°C, it is clear that kerolites differ 
from Ni-tales of similar Ni/Mg ratio by the partition 
of the cations in their octahedral sheets, these cations 
being randomly distributed in tale and mainly segre
gated in kerolite. 

Figure 4 shows also that below 550°C where some 
hydration water is present in kerolite, the width and the 
position of the N bands are not exactly the same as in 
Ni-tale. To investigate the modifications in the spectra 
with heating , Figures 4 and 5 (a deuterated KI sample) 
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Figure 5. Infrared spectra of kerolite K, after deuteration. 

should be compared. However, it is important to note 
that the temperatures appearing in both figures do not 
have exactly the same meaning. In Figure 5, the sample 
was heated in the spectrometer itself and was never 
cooled to ambient temperature. 

From the spectra of deuterated and non-deuterated 
samples of the same material heated above 550°C (Fig
ures 4 and 5), the wave shift due to deuteration corre
sponds to a mean ratio of 1.356. Thus, in the D20 re
gion, the N bands ofthe heated kerolite KI sample have 
the frequencies listed in Table 2. Further, the intensity 
of these bands indicates the same proportion and the 
same partition of Mg and Ni cations as those noted pre
viously for the non-deuterated sample (Table 2). 
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Figure 6. Infrared spectra of garnierite N-P in the 3800-3000-
cm-1 region. 

The same modifications due to thermal treatments 
(Figures 4 and 5), were noted for aU kerolite samples. 
The structural vibrations sharpened not only on the low
frequency side (where, as discussed below, the stretch
ing vibrations of strongly adsorbed water are expected 
to occur), but also on its high-frequency side. Also, the 
intensity of the N bands increased. As a whole, the 
modifications of the N bands in terms of position, 
sharpness, and intensity in Figures 4 and 5 are strikingly 
similar to those reported by Chaussidon (1970) and Su
quet et al. (1982) for the OR-stretching bands of Mg
or Li-saturated trioctahedral smectites progressively 
dehydrated. Both studies demonstrated that the fre
quency of the OR-stretching vibrations is not a fixed 
value but depends on the nature and the hydration stage 

of the interlayer cations. With Mg as the saturating cat
ion, for example, the N A band in hectorite (Chaussidon, 
1970, Figure 3) shifts progressively with dehydration 
from 3695 to 3677 cm-1 (i.e., the frequency of the NA 
band in talc). In a Li-saponite (Suquet et al., 1982, Fig
ure 7) a similar, though slightly more restricted shift is 
present. In both cases, both bands are present at inter
mediate stage of hydration but their respective intensity 
decreases considerably, the former band eventually ap
pearing as a shoulder in the 3690-3700-cm-1 region. In 
the present study (Figures 4 and 5), the N bands ofker
olites behaved in the same manner. The 3700-cm-1 

shoulder vanished as the NA band at 3677 cm- 1 sharp
ened and increased in intensity (Figure 4). The low
temperature spectra showed no N D band at the expect
ed frequency (2674 cm-1) (Figure 5). This band resolved 
progressively at the expense of a peak at ~2690 cm-1 

as the temperature pretreatment and resultant dehy
dration increased. Thus, in kerolite too, the frequency, 
sharpness , and intensity of the OR-stretching vibra
tions appeared to be affected by the hydration stage of 
interlayer cations trapped between the 2: 1 layers. Fig
ures 4 and 5 show also that, as the N bands sharpen, 
the broad shoulder between 3620 and 3550 cm- 1 (2660 
and 2620 cm -1 in Figure 5) which was resolved as a band 
at 3580 cm- 1 in willemseite W progressively vanishes. 
In minerals of the kerolite-pime1ite series, this band was 
previously assigned to the OR-stretching vibration of 
water forming weak R-bonds with surface oxygens 
(Brindley et al., 1977, 1979). Rowever, in other swell
ing clay minerals, this range of frequencies has been 
attributed to stretching vibrations of the water mole
cules tightly held by interlayer cations (Prost, 1973; Su
quet et al. , 1982). 

Figure 6 shows that important modifications appear 
in the 3800-3000-cm-1 region of the spectrum of gar
nierite N-P when it is heated. After moderate heating, 
the major band is at 3660 cm-1 and is probably due to 
the major OR-stretching vibration of the nepouite pres
ent, because the major OR-band in Mg-serpentine is 
located at 3690 cm-1 (Reller-Kallai et al., 1975) and the 
vibration of this type of hydroxyls is shifted by about 
30 cm- I towards lower frequency when Mg is substi
tuted by Ni in amesite (Serna et al ., 1977). As in Figure 
3, heating the garnierite above the dehydroxylation 
temperature of the nepouite clearly revealed the pi
melite phase also present. This pimelite is character
ized by a strong N D, weak N A and N c, and very weak 
NB bands. It is to be noted that at both 660° and 750°C, 
the N [) band is clearly a doublet with one component at 
the expected frequency (3625 cm- I ) and the second at 
3615 cm- I . At present, the assignment of this 3615-cm-1 

component is uncertain. Although this band occurs in 
the frequency range of stretching vibrations due to water 
associated with interlayer cations, its thermal stability 
(up to 860°C, Figure 6) suggests that it could be due to 
the vibrations of structural OR located in an environ-
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ment uncommon in a tale-like layer (e.g., R2+R2+R !+ or 
R2+R2+V). When the contribution of the 3615-cm-1 peak 
is ignored and the intensity of the N bands is measured 
(Table 2), the estimated Ni content of the pimelite pres
ent in garnierite N-P is -70%, and Ni and Mg appear 
to be segregated within the octahedral sheet. 

CONCLUSIONS 

In garnierites consisting of mixtures of I: I and 2: I 
layer silicates, the higher thermal stability of the 2: 1 
phase aUows its selective examination by IR spectros
copy. For the Ni-rich garnierite sample examined here, 
both the 710--670-cm- 1 doublet and the OH-stretching 
region provided a reasonable estimation of the octa
hedral composition of the pimelite present in the mix
ture. In general, and especially where the Ni content of 
the 2: 1 clays is low, the OH-stretching region is likely 
to provide a more accurate estimate of composition than 
the 710--670-cm-1 doublet. 

For minerals of the kerolite-pimelite series, whether 
they are mixed with serpentines or not, the OH-stretch
ing band intensities suggest the presence of numerous 
domains made up of segregated Ni and Mg cations. In 
this respect, kerolites and pimelites differ clearly from 
their homologues of the talc-willemseite series where 
the octahedral cations are randomly distributed. 

Additional water present in kerolite and pimelite can 
be considered as hydration water associated with 
trapped (and thus non-exchangeable) free cations of high 
hydration energy such as Mg2+ and Ni2+. Such an in
terpretation is based on (I) the analogy of the TGA and 
DT A patterns of these clays with those of Mg- or Ni
saturated smectites, and (2) the similarity of the effects 
of dehydration on the position, sharpness, and intensity 
of their OH-stretching bands as .compared with those 
observed for Mg- and Li-saturated trioctahedral smec
tites . 

Finally, if one accepts that hydrated interlayer Mg 
and Ni cations are indeed trapped in kerolites and pi
melites, the several features distinguishing these min
erals from tales and willemseite can be explained. These 
features include (I) higher d(OOI) spacings, (2) higher 
stacking disorder, (3) less perfect stoichiometry in terms 
of SiH /R2+ ratio , and (4) general capacity to swell ir
regularly in the presence of liquids more polar than 
water. It would therefore appear, especially consider
ing this last characteristic, that kerolites and pimelites 
are minerals intermediate between tales and smectites , 
somewhat like the highest charge-reduced montmoril
lonites prepared by Calvet and Prost (1971). 
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Pe31OM:e--,UBa 06pa3Qbl KepOJUlTa H OAHH 06pa3eQ rapHHepHTa 6blJIH nOABep)KeHbI nocTeneHHoH Tep
M:HqeCKOH 06pa60TKe nepel\ llCCJIeI\OBaHlleM: nYTeM: llHcppaKpacHoH cneKTpOCKonHll (lIt) B CneKTpaJIb
HbIX 06JIaCT5IX OT 1200 1\0 600 CM~l II OT 3800 1\0 3000 CM:~l. TepMllqeCKa5I 06pa60TKa rapHllepllTa 
(CM:eCb HenYllTa H nHM:eJIllTa) CeJIeKTHBHO l\erlll\POKCllJIllPOllaJIa HenYHT, TaKllM: 06pa30M: 1\0nYCKa51 
B03M:O)KHOCTb HCCJIeI\OllaHH5I KOJIe6aTeJIbHbIX nOJIOC OH BCJIe,!1CTlllle npHCYTcTBH5I nHM:eJIHTa. KaK 
OTHOCHTeJIbHbIe HHTeHCHBHOCTH ABOHHOH nOJIOCbI 710-670 CM:~l, TaK H pa3JIHqHbIe BaJIeHTHbIe nOJIOCbI 
OH YKa3bIBaJIll Ha TO, 'ITO COl\ep)KaHlle Ni B 3TOM: nHM:eJIllTe 6bIJIO OKOJIO 70%. TepMwlecKlle 
06pa60TKll He 113MeH5IJIll 06JIaCTb 1200-600 CM-1 cneKTpa KepOJIHTOB, HO IlbI3bIllaJIH 3aMeTHbIe CY)KeHIl51 
nOJIOC B 06JIaCTH BaJIeHTHbIX KOJIe6aHHH OH. OTHOCllTeJIbHbIe HHTeHCHBHOCTH CTPYKTYPHbIX BaJIeHTHblX 
nOJIOC OH 06e3BO)KeHHbIX KepOJIllTOB nOKa3aJIll, 'ITO OHll OTJIllqalOTC5I no pacnpel\eJIeHlllO KaTlloHoB 
Ni H Mg B OKTa31\pllqeCKllX MeCTax OT Ni-nn mrjd gjlj4yjuj cjcnfdf. 3Tll KaTHoHbI 6ecnOp5l1\0qHO 
pacnpel\eJIeHbI B Ni-TaJIbKe, HO, Il OCHOBHOM, HaXOI\51TC5I B OTl\eJIbHbIX 06JIaCT5IX Ni II Mg Il KepOJIllTe. 
C YBeJIllqeHlleM TeMnepaTypbI II nporpeCCOM Aeflll\paTaQllH 113MeHeHIl51 CPOpMbI (OCTpOTbI), llHTeHCllB
HOCTll II nOJIO)KeHIl51 CTPYKTypHbIX BaJIeHTHbIX nOJIOC OH KepOJIHTOB nOXO)Kll Ha 113MeHeHIl5l, KOTopbIe 
npOllCXOl\llJIll C Mg- llJIll Ni-HaCbIlQeHHbIMIl TpeXOKTa3APllqeCKllM:ll CMeKTllTaMH. KpHBbIe 3TllX MllHepa
JIOB no TepMHqeCKOMY aHaJIll3Y TaK)Ke 51BAAIOTC5I nOl\06HbIMll KpllBbIM AJI5I Mg- HJIH Ni-HaCbllQeHHbIX 
CMeKTllTOB, II HaBOA5IT Ha MbICJIb, 'ITO TaK)Ke Il KepOJIHTaX flll\paTaQHOHHa5I BOl\a CIl5l3aHa C Me)KCJIOH
HbIMll (XOT5I He06MeHHbIMH) KaTHOHaMll Ni WllJIll Mg. [E.C.] 

Resiimee--Zwei Kerolit- und eine Garnierit-Probe wurden auf ansteigende Temperaturen erhitzt bevor sie 
mittels Infrarotspektroskopie (IR) im Bereich von 1200 bis 600 cm~l und 3800 bis 3000 cm~l untersucht 
wurden. Das Erhitzen von Gamierit (ein Gemenge aus Nepouit und Pimelit) fiihrte zu einer selektiven 
Dehydroxylierung von Nepouit, wodurch eine Untersuchung der OH-Schwingungsbanden von Pimelit 
moglich wurde. Die relativen Intensitaten des 71 0 bis 670 cm ~l Dubletts und der verschiedenen OH -Streck
schwingungsbanden deuten daraufhin, daB der Ni-Gehalt des untersuchten Pimelit bei etwa 70% liegt. Die 
Erhitzungsversuche veranderten den Bereich von 1200 bis 600 cm~l der Kerolitspektren nicht. Sie be
wirktenjedoch eine beachtliche Verschiirfung im Bereich der OH-Streckschwingung. Die relativen Inten
sitaten der struktureUen OH-Streckschwingungsbanden der dehydratisierten Kerolite zeigten, daB sie an
ders sind als die von Ni-Talk-Proben, die eine ahnliche Zusammensetzung im Hinblick auf die Verteilung 
von Ni und Mg auf den Oktaederp]atzen haben. Diese Kationen sind im Ni-Talk statistisch verteilt, wahrend 
sie in Kerolit in Mg- und Ni-Domanen auftreten. Die Veranderungen in der Schiirfe, der Intensitat und in 
der Lage der strukturellen OH-Streckschwingungsbanden der Kerolite mit zunehmender Temperatur und 
zunehmenden Dehydratationsprozessen sind ahnlich denen, die bei Mg- oder Li-gesattigten trioktaedrisch
en Smektiten auftreten. Auch die Kurven der Differentialthermoanalyse dieser Minerale zeigen Ahn
lichkeiten mit denen von Mg- und Ni-gesattigten Smektiten. Dies deutet darauf hin, daB das Hydratation
swasser auch in den Keroliten an die Zwischenschichtkationen Ni und/oder Mg gebunden ist (die jedoch 
nicht austauschbar sind). [U.W.] 

Resume-Deux kerolites et une gamierite ont ete soumises a des traitements thermiques progressifs avant 
d'etre examinees par spectroscopie infrarouge dans les regions spectrales 1200-600-cm~1 et 3800-3000-
cm~l. Le chauffage de la gamierite (qui etait un melange de nepouite et de pimelite) provoque la de shy
droxylation selective de la nepouite et permet d'examiner les bandes de vibration des hydroxyles struc
turaux de la pimelite. Tant les intensites relatives des bandes formant un doublet a 710 et 670 cm~l que 
celles des vibrations de valence des hydroxyles structuraux permettent d'estimer que Ie contenu en nickel 
de cette pimelite est proche de 70%. Les traitements thermiques n'affectent guere la region spectrale 1200-
600-cm~1 des kerolites mais ils provoquent un affinement notable de la region Oil sont localisees les vibra
tions de valence des hydroxyles structuraux. L'intensite relative des differentes vibrations dues aces hy
droxyles permettent d'etablir que la repartition des cations octaedriques Ni et Mg dans les kerolites desh
ydratees est tres differente de celle des talcs nickeliferes de meme composition. Les cations octaedriques 
sont repartis au hasard dans les talcs et repartis en domaines magnesiens et nickeliferes dans les kerolites. 
Les modifications de position, d'intenslte et de largeur qui affectent les bandes de vibration des hydroxyles 
structuraux des kerolites au fur et a mesure que progresse leur deshydratation, sont semblables a celles de 
smectites trioctaedriques saturees par Mg ou Li. De meme, les kerolites montrent des courbes thermo
gravimetriques et des diagrammes ATD qui ressemblent a ceux de smectites saturees par Mg2+ etlou par 
NiH. Ces analogies suggerent que, dans les kerolites aussi, l'eau d'hydratation est liee a des cations in
terfoliaires. Cependant, dans les kerolites, ces cations ne sont pas echangeables. 
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