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ABSTRACT

Chlorite has been identified, by the X.ray diffraction method, in the clay fractions of four
Indian soils. The ‘orientated aggregate’ technique was used. Chlorite was found to be present
along with illite and kaolinite in all the clays. The chlorite was present as such and also as
interstratified layers.

INTRODUCTION

References have been made in recent years to the occurrence of chioritic minerals
in soil clays (MacEwan, 1948; Klages and White, 1957). Their presence in any
Indian clay has not been reported so far. TUsing the X.ray diffraction method,
we have been able to identify chlorite in the clay fractions of soils obtained from
the following places:

Arkrsorax (Himachal Pradesh)
NiLokHERI (Punjab)
Prsaneaxs (Rajasthan); and
Boya (Rajasthan)

Only the surface soil from Boya was cxamined. In each of the other three
cases, soil samples collected from five different depths of the soil profile, at inter-
vals of 12", were studied. The orientated aggregate technique (Nagelschmidt,
1941) was used for purposes of X-ray diffraction. As is well known, this technique,
by almost completely obliterating the general reflections and enhancing the basal
reflections, facilitates identification of the layer-lattice clay minerals.

From concentrated aqueous suspensions of the clay fractions, the clay crystals
were allowed to deposit on & thin film of cellulose acetate supported on a glass slide.
Coherent orientated aggregates of the clays were obtained when the clay deposits
were allowed to dry overnight in a desiccator. From these aggregates, thin sections
were cut and used for the X-ray work. The sections were X.rayed before and after
treatment with glycerol. The untreated sections were X.rayed after fixing them
on a glass fibre with Durofix. Sections of clay aggregates treated with glycerol
readily adhered to the glass fibre after the latter had been wetted with a little gly-
cerol. Cu K « radiation from a Philips 1010 X.ray unit was used. A Philips
Universal Flat Plate camera (camera length = 9-647 cm.) and a Philips Debye-
Scherrer camera (r = 5-742 cm.) were employed. Diffraction patterns were obtained
with the X.ray beam at grazing incidence on the clay aggregates.

REsULTS

Typical diffraction data have been given in Tables I to IV. Clay fractions of
soils from different depths of the same soil profile gave qualitatively similar dif-
fraction patterns and consequently only data for clay fractions of soils at the top
and bottom of each profile have been given in the Tables. Plates ITI and IV show
typical diffraction patterns obtained with clays from the Arkisolan soil and the
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Pisanganj soil. The following conclusions emerge from the diffraction patterns

and data:
TaBLE 1
Arkisolan clays
A, (depth: 0-127) Ay (depth: 48-607)
] Glycerol . NH,CI HC1
Original ! Heated I treated Original treated treated
|
|
I dux I du t I ki I dukl I dikt I duy
!
i
ms 139 ms 137 | w 14-1 ms 14-1 w 14-0
w, dif 116 vw 11:5 I w, dif 116 vw, dif 11-6 vw, dif 11:3
8 9:9 s 9.9 s 10-0 s 10-1 | s 10-1 s 1040
8 70 | ms 71 ms 71 ’ s 7-0 5 0
5 4-9 ms 50 Pow 51 ms 51 | s 50 ms 50
1 ; | -
TaBLE 11
Nilokheri clays
‘ ~
N, (depth: 0-127) | N; (depth: 48-60")
Original ' Heated ; Original trlt;Ia(ile d
i ;
I duki ! 1 dik j I diu i I dw
i i
J— ‘ : —
w 138 : w137 : w139
vy 99 ‘ vs 99 s 9.9 vs 10-0
ms 7:0 ' i ms -0 s 71
. ms 4-89 i ms 4-90 i ms 4-96 s 499

TasLe 111

Pisanganj clays

P, (depth: 0-12") Py (depth: 48-60")
. Glycerol . I Glycerol HCIl and Glycerol

Original treated Original i treated treated
I dhkt I dhki I dwu 1 dhkl I dwu
8 17-8 vs 17-8 vs 179

ms 14-1 ms 141 ms 14-2 ms 144

w, dif 11-4 w, dif 11-5 w, dif 11-5 w, dif 11-7
s 10-0 s 10:0 E 10-0 8 10-1 5 101
w 88 w 90 w 89
ms 71 s 71 ] 71 8 71 § 70

w 4.95 ms 498 w 4-98 ms  4-99
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TaBLE IV
Boya clay
- R
. Glycerol ! HCL
Original treated i treated
1 diks ‘w I drkl I dwu
- i —
s 142 s 14-]
vw, if 11-8 Covw, dif 1146 i
s 101 | s 100 | s 100
ms 71 l ms 70 ; ms 7-]
w 497 | w 494 | w40

The drpi values are given in kX units.
Vs == very strong; s = strong; ms = medium strong;
w = weak; vw = very weak, and dif = diffuse.

Discussion
(@) Arkisolan clays :

The two clays, A; and Aj;, obtained, respectively, from the top soil and the
‘bottom’ soil, both give reflections corresponding to spacings of 14, 11:6, 10 and 7
kX (Figs. 1 and 2, Plate III; Table I). The diffraction pattern of A;, after it has
been treated with glycerol (Fig. 3, Plate 11I; Table I), is not different from that of
the untreated clay (Fig. 1, Plate I1I). One can conclude, therefore, that neither the
14-kX spacing nor the 11-6-kX spacing can be attributed to montmorillonite for,
in that case, the treatment with glycerol would cause both these spacings to increase
to 17-7 kX (MacEwan, 1944). The 17-7-kX spacing is clearly not in evidence in
the pattern of the glycerol treated clay.

The 14.kX reflection can indicate either chlorite or vermiculite. That it is
not due to vermiculite is shown by the fact that this spacing persists (Fig. 4, Plate IIT;
Table 1) even when the clay, Ay, is leached with 1.0 N NI,C1: NH,-vermiculite
gives a basal spacing of about 10-6-kX (Walker, 1951).

The 14-kX reflection completely disappears (Fig. 5, Plate 111; Table I) when Ay
is treated with 10 per cent HCl for two hours at 50-60° C (Brindley and Youell, 1951).
This is positive proof that the 14-kX spacing is due to chlorite,

The 10-kX reflection clearly indicates illite.

The 7-kX reflection may be interpreted as the second order basal reflection of
the chlorite present. Actually, however, it is not due to chlorite alone. This is
seen from thie fact that this reflection persists even after the 14-kX reflection has
disappeared as a result of the 10 per cent HC] treatment (Fig. 5, Plate II1). Kao-
linite, present in the clay, therefore, is also responsible for the 7-kX reflection. This
reflection disappears when the clay, A}, is heated to 600° C (Fig. 6, Plate I1I; Table I)
at which the kaolinite lattice breaks down (Grim, 1953). This indicates that the
7-kX spacing is largely due to kaolinite.

As already indicated, the result of the glycerol treatment shows that the 11-6-kX
reflection cannot be due to montmorillonite. Since the clay contains chlorite and
illite, one can perhaps infer that this 11-6-kX reflection is a result of an interstrati-
fication of some chlorite and illite layvers. This view seems to be supported by the
fact that treatment with 10 per cent HCl removes the 11:6-kX reflection along with
the 14-kX one (Fig. 5, Plate III; Table I). The HCl appears to dissolve the chlorite
as such and also as interstratified layers.

The diffraction data, on the whole, indicate the presence of chlorite, illite,
kaolinite and interstratified layers of chlorite and illite in the Arkisolan clays.
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Here, it is perhaps necessary to mention that the 14-kX reflection characteristic
of chlorite and also the 11-6-kX reflection are lacking in the diffraction patterns
obtained with the cylindrical (Debye-Scherrer) camera (Fig. 7, Plate III), though
they are clearly in evidence in the patterns given by the Flat Plate camera. This
is evidently due to the comparatively small radius of the cylindrical camera as a
result of which the above two reflections are lost in the region of the central ‘exit’
tube of the camera. The Flat Plate camera, on the other hand, by permitting a
much larger camera distance ensures greater resolution and clearly separates out
the two reflections from the region where the undeviated beam strikes the film.
The cylindrical camera, of course, reveals the 10- and 7-kX reflections as clearly as
the Flat Plate camera.

(b) Nilokhers clays :

Reference to Table IT will show that both the clay fractions give the 14-kX
reflection, characteristic of chlorite. This reflection disappears on treatment with
10 per cent HCIl, thus confirming the presence of chlorite, The 7-kX reflection
remains even after the acid treatment thus showing that kaolinite is also present.
The 10-kX reflection given by both the clays indicates the presence of illite in both
of them,

(¢) Pisanganj clays :

The two clay fractions, from the top soil and the bottom soil, both show a 14-
kX, a 10-kX, a 7-kX and a not so sharp 11-4-kX reflection on which is superimposed
a broad diffuse band (Fig. 1, Plate IV; Table II). The 14.kX reflection is due to
chlorite as is further seen from the fact that this reflection disappears on HCI treat-
ment (Fig. 3, Plate IV; Table III). The 7-kX reflection persists after this treat-
ment showing that kaolinite is present. The 10-kX reflection indicates illite.

The 11-4-kX reflection and the superimposed diffuse band may be due to
montmorillonite and/or interstratified layers. That montmorillonite is, indeed,
present is shown by the appearance of a 17-7-kX reflection after treatment with
glycerol (Fig. 2, Plate IV; Table III). The diffuse band disappears following the
glycerol treatment, showing that this was due to montmorillonite. The 11-4.kX
reflection, however, persists after the glycerol treatment. This shows that, in
addition to montmorillonite, an interstratified mineral is present,

(d) Boya clay :

The Boya clay gives a 14.kX, a 11-8.kX, a 10-kX and a 7-kX reflection
(Table IV). The 14.kX line indicates chlorite whose presence is further confirmed
by the disappearance of this line on acid treatment (Table IV). Persistence of the
7-kX line in the acid-treated clay shows the presence of kaolinite. The 10-kX line
stands for illite. The 11-8-kX line disappears on the acid trcatment. It is, there-
fore, due to interstratified chlorite and illite layers, the acid dissolving the chlorite
layers.

It is interesting to note that, in all the cases, chlorite is present along with
illite. With the exception of the Nilokheri clays, the chlorite is also present as
interstratified layers.
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Diffraction patterns of orientated aggregates of Arkisolan clays: 1, original A 1 2, original Ag;
3, glycerol treated A ; 4, NH,Cl treated Ay; 5, HCI treated A 0, heated Ay (all obtained
with Flat Plate camera) ; and 7, original A (obtained with Debye-Scherrer camera).
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Diffraction patterns of orientated aggregates of Pisanganj clays: 1. original Pj; 2. glveerol
treated Py : and 3, HC1 and glycerol treated P (all obtained with Flat Plate camera).
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