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The non-clay and clay mineral composition and the nature of the clay
minerals in Bhadres and Hathi-ki-Dhani bentonites have been investigated
by X.ray diffraction methods. Quartz is the main non-clay mineral in
both bentonites, with minor amounts of hematite, feldspars and anatase
in different proportions. Calcite was present in Hathi-ki-Dhani bentonite
but could not be detected in the sample from Bhadres. The main clay
mineral has been identified as practically monomineralic ‘montmorillonite’ in
distinction to beidellite, nontronite and others of the group. Xaolinite
i3 next in importance and is present in both samples. Illite and a chlorite
component are also present in small proportions. Both appear to be poorly
dispersible and of large grain size. There is no evidence for degrading illite
or for products of muscovite weathering in the bentonites. The chlorite
component is probably the iron rich variety and may have some interlayer-
ing of montmorillonite/vermiculite type layers. It is more in the Bhadres
bentonite. No evidence for presence of any long-spacing mineral (clay)
could be obtained. If a small proportion of swelling type chlorite is also
present, this cannot be established in the presence of both montmorillonite
and normal chlorite,

INTRODUCTION

Various chemical and physical properties of Indian bentonites have
been studied by Mukherjee and Sengupta (1940), Mukherjee, Mitra and
Bagchi (1951), Bagchi (1951), Bishui and Prosad (1960), and Guha and
Sen (1961). Considering the Bhadres and Hathi-ki-Dhani bentonites, the
mineralogical composition of the hydrogen clays have been determined by
" Bagchi (1951) by X-ray methods. Both were found to contain montmoril-
lonite (used as a group name), small amounts of kaolinite and traces of quartz.
Five sub-fractions of Hathi-ki-Dhani bentonite were also found to have the
same composition. Bishui and Prosad (1960) studied the Hathi-ki-Dhani.
bentonite by X-ray, d.t.a., electron micrography, etc., and showed the presence
of di-octahedral montmorillonite and kaolinite in addition to limonite and
quartz in small amounts. These workers have observed that the d.t.a.
curves of the Hathi-ki-Dhani bentonite compared well with those of the
mixtures of kaolinite and beidellite rather than with montmorillonite, non-
tronite or volkhonskoite. The beidellite nature of the Bhadres and Hathi-
ki-Dhani bentonites was also indicated by the SiO,/R,0; ratios of 2:71, 2-86
respectively as pointed out by Mukherjee, Mitra and Bagchi (1951).
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Mukherjee and Sengupta (1940) found a dibasic character for the Hathi-ki-
Dhani bentonite which, according to them, was more promising than Bhadres
bentonite in the preparation and treatment of drilling muds.

In spite of fair amount of work on the above aspects, the nature of the
clay mineral composition and characteristics is not yet fully known so as to
enable one to understand their origin, occurrence and special properties. The
Petrological Division of the Geological Survey of India recently carried out
an extensive investigation on these bentonites (Siddiquie and Bahl 1964),
during which it was felt that a more detailed study than hitherto attempted
will be desirable to understand not only the non-clay mineral and clay mineral
composition, but also the nature of the clay minerals. The present work was
conducted on samples of Bhadres and Hathi-ki-Dhani bentonites, the former
of which was extensively investigated.

EXPERIMENTAL

Materials—The samples Bh9/2 and HD/2 were collected by auger drilling
from the bentonite deposits of Bhadres and Hathi-ki-Dhani respectively
(Barmer District, Rajasthan, India).

Methods—Non-clay minerals were determined from X-ray powder
patterns of the bentonites taken with both a Philips 1146 mm diameter
camera and a Guinier type multiple specimen camera, using iron K alpha
radiation.

For studying the clay mineral composition the aggregate technique was
used. For this purpose, the bentonites were dispersed by repeatedly washing
with distilled water and shaking in a mechanical shaker. No dispersing agent
was used. Separation of the less than 2-micron fraction, saturation with
particular cations, preparation of oriented aggregates, heat treatment of the
aggregate flakes, glycerol treatment, ete., were effected by standard methods
(Brown 1961).

X-ray patterns were recorded with both a Philips 114-6 mm diameter
camera with the usual collimator and a modified beam-catcher carried by
the camera cover designed by the author (Chandy 1963) and a Philips 57-3 mm
diameter camera similarly modified, so as to record the low-angle region. The
stiff clay flakes of size about 0-5 mm X 5 mm were mounted, using plasticene,
centred in the usual way, and set at either grazing incidence or at a small
angle to X-ray beam as desired. Heated flakes were either mounted as
before or sealed in Lindemann glass capillaries. For glycerol treatment,
the thin flakes were held by Lindemann glass fibres wetted with glycerol.
The X-ray patterns were recorded, after allowing 3 to 4 hours for the glycerol
to penetrate the flake, and after wiping off excess glycerol. For investigating

the low-angle region, some patterns were also recorded using a conventional
plate-camera. ‘
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Diameters of the diffraction arcs were measured using a Hilger and Watts
measuring scale type L88/W.133865. Where arcs were recorded only on
one side of the centre, the effective centre was found out by measurements
on symmetrically recorded maxima. Generally, the quartz line at about
3-32 A was present on both sides, and this was used in finding the effective
centre. With the modified camera, the trace of the central spot was used
where previous methods were not applicable.

In taking measurements, the cross-wires were set at the maximum intensity
position of the line as determined by eye estimation. Values used were
average of three to four readings. Microphotometer recordings of a few
patterns were taken to locate and study the structure of the maxima. For

~this purpose a Kipp microphotometer was used with a movement ratio of 1 : 4.

REsuLTs AND DI1ScUSSION

Non-clay mineral composition.—Quartz was found to be the main non-clay
mineral in both bentonites with minor amounts of hematite, feldspars and
anatase.

In the less than 2-micron fractions (Table T), the Bhadres bentonite seems
to contain more quartz and anatase than Hathi-ki-Dhani bentonite. This
may indicate that quartz occurs more fine-grained, and possibly closely asso-
ciated with the clay, in Bhadres bentonite. The higher content of anatase
is consistent with the higher percentage of titanium found by chemical
analysis. While calcite could not be detected in the sample from Bhadres,
it was the major non-clay mineral in a heated sample (less than 2-micron)
of Hathi-ki-Dhani bentonite.

Clay mineral composition.—Table I shows that the main clay mineral
component in both bentonites gives a diffuse reflection at about 15 A, which
changes to about 17 A on glycerol treatment. According to Bagchi (1951)
and Bishui and Prosad (1960), this fact establishes that the mineral belongs
to the montmorillonoid group. However, recent work has shown that glycerol
expansion can be shown not only by the montmorillonoid minerals, but also
by the swelling type of chlorites and even by vermiculites under certain condi-
tions (Brown 1961). Attempts were therefore made to establish the nature
of this component, as discussed later.

Strong lines at 7-1 A and 356 A disappear after heat treatment of the
clay at 600° C (Table I) but persists after acid treatment (Table II, column 3).
This shows the presence of kaolinite.

The line at about 9-9 & due to illite was present in the patterns obtained
from many flakes of both bentonites. This was practically unchanged by
glycerol treatment and heat treatment (Table I). There was no characteristic
shading to lower angles attributed to degrading type of illite, and no observable
shift or sharpening of the line with KOH treatment (Table II, column 4).
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The 15 A diffuse line is shifted to only 12 .\ (not to 10 A as would be expected
of material from muscovite weathering). This shift can be expected of
montmorillonite. There is, therefore, no evidence for the presence of degrading
illite or products of mica weathering in the bentonites. The reason why the
line due to illite was not present in patterns from all flakes is probably the
large grain size/poor dispersion of the component/both the factors. It is
interesting to note that Bishui and Prosad (1960) have attributed certain
persistent lines in the X-ray patterns of Hathi-ki-Dhani bentonite heated
to 1025° C to leucite derived possibly from muscovite contaminations in the
clay. :
Glycerol-treated flakes of both bentonites frequently show a weak line
at about 14 A (Table I). This component also seems to be poorly dispersible.
It is known (Brown, 1961) that Mg-vermiculites do not expand beyond 14-5 A
on glycerol treatment. Also normal chlorites are not affected by this treat-
ment. The glycerol-soaked, Mg-treated bentonite must therefore show the
14 A line if vermiculite or normal chlorite is responsible for this line. However,
it could not be seen under such treatment, the result of which is given in
Table II, column 2. Heat treatment at 600° C caused the disappearance of
the kaolinite pattern. The 13 A line in such patterns clearly shows the presence
of a chlorite component in the bentonite (Table I). This spacing is lower
than that normally found for heat-treated chlorite and indicates some inter-
layering with montmorillonite/vermiculite type layers. The weakness of
the (001) chlorite reflection and its enhancement after heat treatment suggests
that it is possibly an iron rich chlorite. This agrees with the observation
that the chlorite component is more in Bhadres bentonite (which shows
appreciably higher Fe,O3 content) than in the Hathi-ki-Dhani sample.

The main clay mineral which shows the glycerol expansion may be due
to montmorillonoid minerals, swelling chlorite, or even vermiculite. The
fact that the same swelling is found even after Mg treatment rules out vermi-
culite. H,SO, treatment as suggested by Vivaldi and Gallego (1961) does
not destroy the 177 A component (Table II, column 3). However, this
method cannot prove or disprove the presence of swelling chlorite when both
montmorillonite and normal chlorite are also present. Since vermiculite is
ruled out, the fact that heat treatment at 600° C produces a strong line at
about 9-6 A (Table II) shows that the glycerol-swelling mineral consists of
mineral of the montmorillonoid group.

The nature of the predominant clay mineral—The Greene-Kelly (1953)
test, which is diagnostic for montmorillonite, was applied in the case of both
bentonites. The results for Bhadres bentonite are given in Table 1I, columns
5-7. The irreversible collapse of the 15 A spacing to about 9-5 A identified
the predominant clay mineral with ‘montmorillonite’ in distinction to beidel-
lite, nontronite, saponite and other members of the group.
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A study of Table III, columns 1-3, shows that the (001) spacings from
the glycerol-swelling mineral in the bentonites compare favourably with those
from glycerol-montmorillonite (from Wyoming bentonite). Within the
limitations of the method of investigation, an integral sequence of diffraction
orders from a 17-7 A spacing is observed. The clay heated at 600°C also
gives an integral sequence of orders from a 9-57 & spacing (Table ITI, column 4).
Also, no long-spacing reflections were observed from these bentonites. There
is, therefore, no evidence for the presence of regular or random interstrati-
fications and the predominant clay mineral can be said to be practically
monomineralic ‘montmorillonite’.

Tasre III

Spacings of different orders from Glycerol-treated as well as Heat-treated Bhadres Benilonites

1* 2% 3* 4*
d(A) I (001) did) I d(A) (n) 1
- 1773 Vs 001 17-7 100
9-57 (1) 8
8-87 8 002 885 28
5-82 w 003 590 19
478 @) m
443 m 004 . 4-43 12
3-55 8, u 005 1 3:54 25
318 (3) 8
295 m 006 2-95 —
1-98 W 009 1-967 —
1-896 (5) —_

* 1—The different orders given by glycerol-treated Bhadres bentonite.
2—(001) indices.
3—The different orders given by glycerol-treated montmorillonite from Wyoming bentonite.
Intensities have been corrected using orientation factor (Brown 1961, p. 201).
4—The different orders given by Bhadres bentonite after heat treatment at 600° C.
Key : nu—possible interference from kaolinite line; n—order numbers,
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