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DT, IRand X-ray diffraction analyses have been carried out on 3 grainsize fractions( < 1,1-2and 2-4 um)ofsediments
from the Central Indian Ocean Basin. Resuits indicate that there are 2 smectite minerals (montmorillonite and Fe-rich
montmorillonite). Montmorillonite is present in all size fractions of sediments, whereas Fe-rich montmorillonite is present
onlyin < 1 and 1-2 um fractions of siliceous and < 1 gm fractions of pelagic clays. Distribution of clay minerals suggests
that illite, chlorite and kaolinite are the detrital products from Ganges and Brahmaputra and montmorillonite is derived
from the weathering of the ridge rocks.Fe-rich montmorillonite in siliceous and pelagic clays is a result of early diagenetic
processes. Size fraction studies suggest that montmorillonite tends to crystallise in< 2 um size range.
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Clay mineral distribution in the surficial sediments 70¢ 75° 80

of the Indian Ocean!~ indicates that the sediments 10 T "X INDIA v

are largely detrital in origin. The nature and abun- \/(J

dance of smectite is important among clay minerals

because, apart from the detrital smectites, authigen-

ic smectites are also reported in the deep sea envi- % LEGEND

ronment®~® and the smectite being smallest in size®, 5° b o PETERSON GRAB .
its distribution tends to change with size of the sedi- @ TERRIGENOUS SEDIMENTS
ment. Nature and origin of clay minerals as a func- MALDIVES CALCAREQUS §

tion of grain size from different depositional envi- 4 EDIMENTS
ronments has not been studied in the Indian Ocean. ‘9 2 siiceous seowents

This paper presents the nature, distribution and ge 1) Il Pecacc cLay d

origin of clay minerals in grain size fractions from
the surficial sediments of the Central Indian Ocean
Basin (CIOB).

CIOB (5.7 x 10°km?)is in the Indian Ocean bor-
dered by the ridge systems with 90°E Ridge on the
east, Mid-Indian Ridge on the west and SE Indian
Ridge on the south. Its northern portion is open
towards Indian peninsula and its northwest exten-
sion is bordered by Chagos-Laccadive Ridge. Ter-
rigenous, siliceous and pelagic clay sediments are
dominant in the basin, whereas calcareous sedi-
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ments are present adjacent to the ridge system. 2///13¥_ A =N 7T
Z /Aﬁ% ca¥ —¥%
Materials and Methods //‘/ N -2
Thirty two sediment samples (Fig. 1), collected in e~
the CIOB by the Peterson grab, during 1983-85 15° $ I I I [
from different cruises of M V Skandi Surveyor and 3 AREA - R4

M V Farnella were studied. Polymetallic nodules
were associated with these sediments.

X-ray diffraction studies—Sediment samples were
oven dried at 60°C, made free of salts and dispersed
in ammonia solution. Later these samples were ana-

202

20

[

Fig. 1—Sample location map
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lysed for texture!®. Clay (< 2 um) was separated
from all the samples and made free of CaCO, and
organic matter by treating with acetic acid and H,0O,
respectively. Two oriented slides for each sample
were prepared by pipetting the clay solution on glass
slide and air dried. These samples were analysed on
a Philips X-ray diffractometer using Ni-filtered Cu
K , radiation operated at 20 mA and 40 kV from 3°
to 30° 26 at 2° 26min~!. The same sample was
treated with ethylene glycol at 100°C for 1 h and
X-rayed using the same instrumental settings. The
clay minerals were then identified!! and the areas of
their first order reflections were measured above
the baseline from the glycolated X-ray diffracto-
grams. Percentage of clay minerals was calculated
and crystallinity of montmorillonite was measured
based on the ratio of the height of the peak above
the background (P) and the depth of the valley (V)
on the low angle side of the peak'2.

Two representative samples from each of the en-
vironments (Fig. 1) 11 and 13 from siliceous, 29 and
31 from pelagic and 21 and 22 from calcareous
were studied for the mineralogy of the size fractions.
These sediments were dispersed in ammonia solu-
tion as described above and the fractions <1, 1-2
and 2-4 um were separated using Stoke’s settling ve-
locity principle and used in analyses. :

Clay fractions were X-rayed and the percentage
of clay minerals and the crystallinity of montmoril-
lonite were calculated’?. Duplicate analyses show
that the results are accurate within 10% for mont-
morillonite and within 5% for illite and kaolinite
plus chlorite. The lesser accuracy for montmorillon-
ite results from the problem of drawing base line.
Crystallinity of illite' is calculated measuring the
width (A2 6) at half peak height of the (001) diffrac-
tion peak of illite and comparing it for all size frac-
tions with respect to the sediment type.

Infrared and DTA studies—Sediment fractions
(< 1 and 1-2 um) were made free of carbonates by
treating with acetic acid and washing with distilled
water to remove the acid and dried. These powders
were thoroughly mixed with spectrally pure K Br4,
transferred to the steel die and pressed into a disc
under vacuum at 15 tonnes pressure for 2 min. The
discs were placed in Uni-Cam spectrophotometer
and scanned from 400 to 4000 cm~!. Several trials
were made using different thickness of the discs, so
that the best possible spectral bands were obtained.

DTA was carried out for < 2 um fraction of the
sediments using DTA-O, Universal from 0° to
1000°C at 7.5°C.min—".

Results

Distribution of clay minerals in <2 um fraction—

Clay minerals such as montmorillonite, illite and
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kaolinite + chlorite are present in order of abun-
dance. The texture of sediments varies from silty
clay to clayey silt in area 1 and is clayey silt in areas
2to 4 (Fig. 1).

Percentage of montmorillonite varies from 18-22,
28-32, 25-28 and 33-38 in areas 1 to 4, respect-
ively, while the percentage of illite ranges from 46-
51, 35-40, 49-51 and 33-36 in these areas.

Kaolinite + chlorite percentages did not show
any trend in different areas. The estimation of kaoli-
nite + chlorite was difficult owing to the interfer-
ence of (020) reflection of phillipsite and (050) ref-
lection of clinoptilolite.

Nature and distribution of clay minerals in size
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Fig. 2—X-ray patterns of montmorillonites in <1, 1-2 and 2-4
um fractions
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fractions <1, 1-2 and 2-4 um—IR spectra and gly-
colated X-ray diffractograms of different clay sizes
(Figs 2-5)revealed 2 smectite minerals. The 17.3 A°
peak on glycolated X-ray diffractogram and charac-
teristic absorption peaks at 3640 cm~! (O-H
stretching region) and 920, 878 and 840 cm~! (O-H
bending region) in the infrared spectra!® observed
here are ascribed to montmorillonite. Substitution
of Al by Fe in the octahedral sites results in a pro-
gressive shift in the O-H bending vibration from
920-820 cm™! and various combinations of Fe, Al
and Mg result in intermediate values’®. Absorption
at 814-818 cm™' has been assigned to Fe3*-Fe3*
—OH bending®. However for ‘Fe-rich smectites,
O-H stretching vibration shifts to lower frequency
as compared to Al-rich smectites. Therefore, the
characteristic absorption peaks observed at 3520
cm~! and 815-812, 680 and 600 cm™! close to the
peaks of nontronite and 18.4 A° reflection in the
glycolated X-ray diffractogram are ascribed to Fe-
rich montmorillonite. In this work characteristic en-

dothermic peaks at about 150°C and 650°C are
ascribed to Al-montmorillonite and endothermic
peaks at about 150°C and 550°C are given to non-
tronite or Fe-rich montmorillonite!’-8,

Montmorillonite is present in all size fractions of
the calcareous, siliceous and pelagic sediments. In
addition to this montmorillonite, Fe-rich montmor-
illonite is present in < 1 um and 1-2 um fractions
of the siliceous and < 1 um fraction of the pelagic
sediments. No Fe-rich montmorillonite is identified
in calcareous sediments.

Percentage of 2 types of montmorillonites to-
gether is highest in < 1 um fraction, followed by
1-2 ym and 2-4 um fraction (Fig. 2) and least in 2-4
um fraction (Figs 2 and 6).

V/P value (Fig. 2) of montmorillonite is highest
(0.59) in calcareous sediments followed by siliceous
(0.43) and pelagic sediments (0.4). It indicates that
the montmorillonites in calcareous sediments are
more crystalline than in siliceous and pelagic sedi-
ments. Average V/P of montmorillonite is highest
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Fig. 3—X-ray diffractograms of illite and kaolinite + chlorite in
<1, 1-2 and 2-4 um fractions
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(0.53) in 1-2 um fraction of all types of sediments
compared to 0.44 in < 1 um fraction and 0.4 in 2-4
um fraction. It shows that the montmorillonite in
1-2 pm size fraction is more crystalline compared to
the montmorillonite in < 1 and 2-4 gm fractions.

Percentage of illite increase with an increase in
particle size of the sediment (Fig. 6). Highest crystal-
linity of illite is found in pelagic clays followed by
calcareous and siliceous sediments and as far as the
size fractions are concerned the highest crystallinity
is in 2-4 um fraction followed by 1-2 um and < 1
um size fractions. A26 (Fig. 3) of illite decreases
with increasing size fraction. It indicates that the
crystallinity of illite is highest in 2-4 um fraction fol-
lowed by 1-2 and < 1 um.

Kaolinite + chlorite are identified by their com-
mon basal reflections at 7 A° and 3.54 A’ from the
X-ray diffractograms and from the characteristic

It 4 1 Fi

peaks at 3670, 3650, 915 and 785 cm™! for kaoli-
nite and 3560, 3150, 950 and 760 cm™! for chlorite
from the infra-red spectra. An attempt to separate
kaolinite and chlorite by slow scan method*? failed
because the zeolites are present in all size fractions
with varying abundance. The (020) reflection of
phillipsite and (050) reflection of clinoptilolite inter-
fere with the combined reflections of kaolinite and
chlorite at 7.0 A° and 3.54 A® respectively. There-
fore the percentage of kaolinite + chlorite is calcu-
lated in all size fractions. Percentage of kaolinite +
chlorite estimated on 7.0 A’ reflection indicates that
it increases with increasing size fraction (Fig. 6).

Discussion

Distributional patterns of illite, kaolinite + chlor-
itein < 2 um fraction reveal that the concentrations
of these minerals are higher in the northern part of
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Fig. 4—IR spectra of < 1 um fraction of sediments (21: calcare-
ous sediment, 13: siliceous sediment and 29: pelagic clay)
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the basin (areas 1 and 2) and they decrease in the
southern part of the basin (area 4) towards pelagic-
clay. It confirms that there is a continental flux into
the basin from north, which may be from Ganges
and Brahmaputra river discharge?*~23 that have
been transported by turbidity currents and subse-
quently deposited in the basin®. Distributional pat-
tern of montmorillonite suggests that there are large
variations in abundance of this mineral within the
basin and also within different sediment facies. It is
also observed that the concentrations of montmoril-
lonite are inversely proportional to illite percentage.
The higher concentration of montmorillonite in this
basin may be due to the weathering of ridge rocks
which contain basic volcanic material. This infer-
ence gains support by the presence of higher degree
of crystallinity of montmorillonite in all size frac-
tions of calcareous sediments which are from the
adjacent ridge rocks. In addition to montmorillon-

1 1 } 1 "

ite, Fe-rich montmorillonite is present in < 1 and
1-2 um fractions of the siliceous and 1 um fraction
of the pelagic clays. Fe-rich montmorillonite may
have formed by the interaction between iron hy-
droxides and biogenic silica in the sediments during
early diagenesis®*. This mechanism may be expect-
ed in siliceous sediments where high content of bi-
ogenic silica is present. In pelagic sediments how-
ever, Fe-rich montmorillonite is found in < 1 um
fraction which may be due to the presence of Opal-
CT observed in these sediments when the samples
were heated to 900°C for 1 h. Absence of Fe-rich
montmorillonite in calcareous sediments may indic-
ate that there is no or less diagenetic process takes
place in these sediments. This may be due to higher
biogenic sedimentation which is inhibiting this pro-
cess. Rao®® observed that the polymetallic nodules
associated with siliceous sediments contain lesser
concentrations of iron than Mn and the nodules as-
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Fig. 5—IR spectra of 1-2 um fraction of sediments
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Fig. 6—Distribution of montmorillonite (M), illite (I) and kaoli-
nite + chlorite (K+C)in < 1, 1-2 and 2-4 um fractions

sociated with pelagic clay contain higher concentr-
ations of Fe than Mn. It further confirms that more
Fe content is utilised in the formation of Fe-rich
montmorillonite in siliceous sediments thus leaving
free Mn to form todorokite-rich nodules. Processes
similar to, have been reported from equatorial Pa-
cific’ and in Bauer Deep®. More content of mont-
morillonite in < 1 and 1-2 um fractions compared
to 2-4 um fraction suggest that unlike the other clay
minerals, montmorillonite tends to crystallise and
size seggregate in these fractions. Percentage of illite
increases with increasing size fraction (Fig. 6). It
may be because the montmorillonite content is dec-
reasing with the increasing size fraction and weight-
ing factor 4 has been used in the estimation of illite
percentage. In reality illite is also reducing with in-
creasing size fraction (Fig. 3). Lowest crystallinity of
illite in finer fractions may be due to the effect of
early diagenesis in these sediments.
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