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ABSTRACT

Characterisation of cloy minerals was attempted by fusion analysis with NesCO-

and determination of CEC of the clay separates,

representing each soil group.
siliceous and laterite soil

Sixteen clay samplas ware chesen, four

The date revealed two extremes; the black soils were highly
clay highly sesquioxidic,

The soils could be arranged in &

sequence, black, alluviel, red and lewrite in the increasing order of kaolinite and decreas.

ing order aof montmorillonite,

1: 1 clay minerals were dominant in alluvial soils with

admixture of 2 : 1 clay minerals and keolinite was found te be dominant in the red soil

elays.

indicator of clay minerals,

INTRODUCTION

The individual characteristic beha-
viour of the soil is to a |arge extent
governed by the nature and distri-
bution of clay minerals in the colloidal
{raction. The chemigal analysis of the
clay separates from soils is one of the
approaches to determine the nature of
clay mineral. Besides the contents of
the individual constituents, the molar
ratios such as silica-sesquioxides ratio,
silica-alumina ratio etc,, are found to
be within certain definite ranges of
values, the magnitude of which depends
an the nature of the clay mineral and
is found to be characteristic of the clay
material. The cation exchange capa-
city of soil clays is also often used as
a parameter to represent the guality
index of the clay mineral, The pattern
of clay mineral distribution in the four

e Bl

The laterite soils were mainly kaohnitic.
close relationship helwesn themselves and

CEC and silica-sesquioxide ratic bore a

aithar of these could be used as a reliable

major soil groups of Tamil Nadu is
sought 1o be determined from the dats
on the chemical composition of the
clay separates through fusion analysis
and the relationships between the
molar ratios and CEC, the parameters
often used as guality indices of the
soil clays, are deduced in the present
study, taking the four heterogenous
major soil groups of Tamil Nadu for
arriving- at this relationship.

MATERIALS AND METHODS

The sixteen soil samples selected
for the present study consisted of four
major soil groups of Tamil Nadu,
namely, the black, red, alluvial and
| aterite soils, four from each group and
collected from different locations ir
the State of Tamil Nadu (Table |). Clay
separation was made by the method
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of Dewis and Freitas (1970} with
necessary modification for removal of
soluble salts, carbonates and organic
matter. Fusion analysis and CEC
were carried out according to the
method given by Dewis and Freitas
(1970).

RESULTS AND DISCUSSION

The data on the chemical compo-
sition of the clay separates are presen-
ted in Table I.

Black soil clays: Fairly high
amounts of silica were associated with
black soil clays followed by alluvial,
although the silica content was not
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observed to vary within wide limits.
The-high silica content by itself ‘was an
indication of the siliceous natu:‘e and
the presence of 2:1 mineral in black
soil clays in cosiderable proportions.’
In addition, higher amounts of lime
and magnesia were also observed to be
present in those clays by Manickam
(1861) and Chinnadurai (12671 by
analysis of separated clays through
acid digestion. Black soil clays also
recorded high wvalues of cation
exchange czpacity (70-90 me;100 g
clay) and the values were considerably
higher than in other soil clays, Simi-
lar high values of CEC were reported
for black soil clays o1 India by a

TABLE |, Fesults of fusion analysis of clays (Perceniages, on the ignited bLasis)
B 2
=
Location # 8 E z
s o 9 2 2 35 5 g=
7] - i < Q = a 0
aLaCk SOIL CLAYS
1. Saravanampatti (Coimbatore) 58,61 3117 8.20 21.87 553 355 1.5 B4.0
2. Kallekurichi (South Arcot) 6094 3545 9.60 2685 3B0D 325 (045 86.0
3. Kovilpatti (Tirunolveli) 61.94 29.34 970 1964 1.54 630 128 930
&. Rulathur (Tirunelveli) 62,78 32.45 920 2325 19 1.00 249 700
SED S0IL CLAYS
5, Kaligkadu (Tirunelveli) 88.12 40,08 B0D 3209 .33 010 113 8.5
6. Pallachi (Coimbatore) 55.80 4088 12.00 2836 154 145 bBO9 350
7. Sulur (Soimbatore) 52,56 44.28 13,20 3178 175 060 287 30,0
B. Salem (Za'em) 57.01 41.83 1220 28.7% 098 105 128 260
SLLUVIAL SOIL CLAYS
8.  Aduthurai (Thanjavur) B2.46 3478 11.20 2358 1.33 090 170 5.0
0.  Agastheosweram (Kanyakumarl) 57.91 3893 10.40 2938 301 220 3224 465
11, Kaiathur series (Thanjavur) 57.38 3033 1240 26,93 1.B® 135 165 G555
12. Adanur series (Thanjavur) 53.82 3576 13.20 2286 203 1.75 1.51 52.0
LATERITE SOIL CLAYS
13. Doty (Nilgiris) 41,92 57.83 16.40 4143 077 0,80 2.18  3i.0
14, Coonoor (Nilgiris) 53.97 47.13 080 3638 063 0,10 083 320
i85 Vallam |Thanjavur) 67.01 46.63 11.20 3543 142 006 0.83 760
16, Fed Hills (Chingleput) 4363 5684 1440 4244 084 055 1,70 185
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- number of investigators (Kulkarni and
Deshpande, 1970.) The silica sesqui-
-oxides and the silica-alumina ratio were
-also found to. indicate the montmoril-
lonitic nature of black soil clays. Sllica-
sesquioxide ratios had values greater
than 3 and those for silica-alumina
ratios greater than 4. Roy er al.
11962) working on black soils reported
that higher values of silica-sesquioxide
vatios (2.70-3.5') and silica-alumina
ratios (3.68-5.54) together with appre-
ciable amounts of non-exchangeabie
magnesium indicated the presence of
montmorillonite.

Red soil clays : The chemical
compasition of red soil clays revealed
that silica content, in general, was

lower than black soil clays byt the ses-
quioxide content was distinctly greater
than black soils and distinctly lower
than laterite soil clays. Similarly lime
and magnesia content were lower for
red soil clays in comparison to blagk
soil clays. Tha potash content was com-
paratively higher in red soil clays, The
data on chemical composition closely
agreed with the features described for
1:1 clay mineral. In addition, the pre-
sence of illite could also be inferred
from the comparatively high amounts
of potash content. Ghosh and Das
(1963) observed that high amounts of
notash in red soils of India were indi-
caiive of the presence ot illite.

The CEC values for the red soil
clays ranged irom 18.5 to 35.0 me/100g
of clay and as compared 1o black soil
clays, the values were much lower.
Chinnadurai (1967) obtained values of

-
>
-
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about 24.3 me/100 g of ciay and attri-
buted this to the presence of a mixture
of minerals. Higher valuez observed in
the present study could be explained
due to the mixture of minerals, kaoli-
nite being dominant.

The silica-sesquioxide ratios ranged
from 2.22to 2.66 and thesilica-alumina
ratios from 2.81 to 3.46 which indica-
ted the dominance of kaolinite,

Ailuvial soil clays ¢ Silica was
fairly high with the range iying inter-
mediate between bisck and red soil
clays. Sesquioxides, iron oxide and
alumina were in higher proportions as
compared to black soi! clays and
appeared to take intermediate position
Letween black and red soil clays.

The lime .and magnesia contents
too were found to be higher than red
soil clays but were lesser than black
soil clays. [t was clear that a certain
regular pattern of distribution of these
constitutents existed and alluvial soil
clays could be placed in between black
soils and red soils in respect of many
of the chemical constituents (Table I1),
The CEC values of the alluvial soil clays
fell in line with the general pattern of
distribution of chemical constituents
observed above, the values of CEC
being intermediate between black and
red soil clays- This trend continuad
even in respect of silice-gluming and
silica-sesquioxide ratios {Table 111}, Thus
in the clay miners! assemblage of allu-
vial soil clays, there was & regular

pattern of distribution of 1:1 and 2.7
clay minerais, the !2ier ogcuning pio -

bhably in slightiy lager proportion 23
compared to the former,
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TABLE I, Menn values Tor ehemical constituonts and cation oxchange cepscity (Fusion anl!_-,r_gm: of
clays) (Porcontages, on the ignited basis)

CEC mef100.g .
Cloy 5i04 R0,y Fes0s Al=Oy Ca0 MaO K0 of clay
Bisck §1.06 32,10 9.42 22,67 313 227 2.01 83.26
Red soil 5589 41.52 11.60  30.40 1.40 080  2.509  27.37
Alluvinl soil 58,20 3r.el 11.80  25.51 2.06 1.50 2,07 51.50
Laterite soil 51.63  52.12 12.20  38.92 0.84  0.37 138 2462
There were varying reports of diff- TABLE 111, Molar ratios of clay (fusion analysis.
ering pattern of clay mineral distri- . i i e it
bution in alluvjal soils. Chatterjee and l 5i0.: Si0.: Si0s: ALD-
¥ ay A0 HgD:- Fﬂﬂcll' FE!G.‘-
Dhar (1968) reported that montmorillo- s A o
nite wa.s present in dominant quantny_. BLACK SOIL
Chotterjee and Gupta (1970) noted that ] 61 AsE  IBBE A
alluvial .s.?ns of Uttar Fra_desh were 5. 601 325 1681  2.22
mainly illitic. Rac and Chatterjee (1972), 3 537 4.07 1681 37§
working on Tamil Nadu ziluvial soils 4. 450 366  19.03  2.9%
reported the presence of mont- Mean 462 3.6a 17.17 378
morillonite with low quantities of RED SOIL
kac[hnlte and iraces of rllztf'r. Thfe 5 3.08 265 1528 £.20
variable composition of alluvial soil . 346 2,74 14,00 374
clays could be traced to the nature 7. 281 222 1055 496
of the soil material transported, Krishna- 8. 337 260 148 540
moorthy (1968) and later Chinnadurai Mean 348 285 1361 434
(1967) obtained evidence of the pre- ALLUVIAL sOiL
sence of kaolinite in dominant pro- a. 481 346 1487 L3I0
portion  The chemical composition, 10, 3.35 2737 488 - 242
CEC values and molar ratios of allu- 11. 366 280 1226 3.38
vial soil clays, in the present study :ﬂin Gl mdh 20Y 246
too indicated the dominance of 11 e 400 306 1343 3.8
minerals with admixture of 2:1 mine- VATERITE - £OIL
rals, the proportion of which was ﬁ :;E 137 679 2.94
__ . : . 252 292 1322 525
cnpsni_:iered to be higher than the red 16. 322 221 i5.85 496
soil. 16. .95 1.44 B.07 4.62
Mean 2.30 1.7 11.00 4.69

Laterite soil clays: The laterite
soil clays invariably contained a higher
proportion of sesquioxides indicating
the sesguioxidic nature of the clays.

In sharp contrast, the lime and mag-
nesia status appeared to be the lowest.
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This was in conformity with the gene-
rally observed low base status of the
laterite soils reported by npumerous
investigators.

“The CEC values were lower for
laterite soil clays but the two clays
from the hill district of Nilgiris reqgis-
tered slight higher values, attributable
to the presence of other types of 1:1
mineral like halloysite and in fact
shown to be present with electron
micrographs in the present study.
Narasinga Rao er a/. (1961), working
on latosols of Mysore State, India
reported the presence of halloysite in
_addition to kaolinite. The silica - ses-
quioxide ratios too were lower (1.37
to 2.21) for the laterite clays, indi-
cating the dominance of 1:1 type of

clay mineral. The silica-sesquioxides

ratios too were lower (1.37 to 2.21)

CHARACTERISATION OF CLAY IN SOIL GROUPS

indicating the dominance of 1:1 type
of clay mineral.

Relationships: Certain other
interesting observations were also
made known from tha study. The
CEC values and the molar ratios such
as silica-alumina and _silica-sesqui-
oxide are largely used to characterize
the pattern of clay mineral distribu-
tion. It was then thought whether
any relationship could be established
between CEC and molar ratios, these
being the two parameters so frequently
used to give sn indication of the
quality aspect of the soil clay. As
surmised, hihly significant correlation
was observed between the CEC values
of the sixteen clays and the silica-
alumina ratio (r=0.79***) and silica-
sesquioxide ratio(r = 0.82%7*)(Table V).
This established that the two

TABLE IV. Results o! statistical analysis for correlation ( Fusion analysis of clays ).

Independent variable

x ¥

Depandant variable

Regression equation

Mo, of pairs
of valuos

=

= Caorrelation
coefficient

Catlon exchanpe capacity

Silica/Sesquioxide ratio

0.827%% Y= 1.59B7-40.248x
0.79%*% Y= 2,021 4-0.0223x

Cetion exchange capacity
silicafAlumina ratio
SilicaAlumina ratio
Silica/Alumina ratio
Silica/Sesquioxide ratio
SilicafSesquioxide ratio
Silica iron oxide ratio

Silica molar perceniage
Silica molar percenlage
Silice moler percentoge
Sasquioxide moler percentage
Sasguioxide molar percentage
lron oxide molar percentage

SilicafAlumina ratio
Silica/Sesquioxide ratio
Silica/lron oxido ratio
Aluminalron oxide ratio
Silica/lron oxide ratio
Aluminaflron oxide ralio
Alumina/lron oxide ratio
Sesguioxide molor percentege
Iron oxide molar percentago
Alumina molar percentage
Iron oxide molar percontage

Aluming molar poregniage

Alumina molar perceniage

0.99%%% Y= 0.1707-40.7342x

0.67** Y= 5.1415+2.2900x
-0 EQ*  Y=15.3B838-0.4420x
0.7247*F Y= 8.7093+41.8518x
=0.43NS —
0.26M5 a—

0774 Y= 0.8633-0.5276x
070"  ¥= 0.1568 - 0,0838x
0.72%** Y= 0.7066—0.1388x
0.67*% Y= 0.0274-+0.1239x
D.0a%% Y= 0.02744-0.8761x
0.55%¢ Y= 0,096B42.6553x

e T S
e R = = = ="

te2 —Significant at 0.1 prrb.r_l:&l'-l faval

™ —Signifieant at

1 per cant lewval

33
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parameters CEC and molar ratios,
ordinarily used for characterizing the
clay bore a wvery close relationship
between themsolves, despite the diver-
gent nature of the clay minerals from
the four major soil groups of Tamil
Nadu. The establishment of this
relationship could further be exploited.

The use of easily determined CEC
as a fairly reliable indicator of the
nature of the clay mineral was there-
fore justified. That the relationships
between CEC and molar ratios were
of high order, also indicated that
CEC values could be successfully
used as quality index of clays in
regression equations for prediction of
soil properties from a knowledge of
quantity and quality of soil clays.
Interrelationships between the mnlar
ratios themselves could be observed
(Table 1V). These could be under-
standably so as there was & certain
amount of interdependence between
some of the constituents, but never-
theless useful for prediction of one
from another econstitutent.
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