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Relation of Parent Material and Environment
to the Clay Minerals of Some Indian Soils
of Arid Tropical Zone

B. DATTA and M. ADHIKART
Depariment of Applied Chemistry, Calcutta University

The object of the investigation is to find out the relation, that may
exist between the occurrence of a particular clay mineral formed under a spe-
cifie climatic influence, and the weatherable rock-forming minerals of the
coarser separates of the soil. Not much work on this aspect with Indian soils
has been done, Das et al. [6] for the first time and Das [7] latter examined
the mineralogical composition of a number of Indian soils under different cli-
matic conditions of occurrences and valuable informations were obtained
regarding the ionic environment of the weathering zones and the secondary
minerals in clay fractions. Investigation undertaken here pays particular
attention to the rock-derived minerals in sand and silt in order to understand
the specific role the weatherable minerals in them may play in creating and
maintaining the ionic environment through liberation of alkali and alkaline
earth cations, leading to the formation of different species of clay minerals in
the soil under different set of weathering conditions.

The present paper deals with the soil occurring on arid tropical regions,
namely alluvium-derived desert, alluvial and black soil from Churu, Ludhiana
and Annegeri, respectively. Soils of humid and perhumid tropics have been
included in latter studies. However, for convenience, climatic zone (HosgiNg
[13]), geography (Table 1.), profile characteristics (Table 2.), geology and also
the sand mineralogy and deduction of nature and composition of parent mate-
rial (Results Part I). therefrom, have been dealt in this paper taking all the
soils together.

Material and method

From each experimental soil profiles, samples from three dephts, irrespec-
tive of horizon, are taken.

Geology

Churuw: Within a radius of 60 miles the area is alluvium-pleistocene and
Recent (Rov [24]). To the south-east about 50 miles from Churu around
Singhana and Khetri are rocks belonging to Delhi system (mainly sandstones,
quartzitic, shale partly or completely metamorphosed). In the same direction
around Jhun Jhnu, there are small exposures of Malani rhyolites (HErox [12]).

Ludhiona: Ludhiana is situated near the Himalayan foothill on the
Indus alluvium. This alluvium is formed concomitantly with the clevation
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Table 2
Characteristic soil feature data (air dry basis)
Sampling sites 105° 0 i Mechanical composition in %
Sampling s mopare | 0400 er = oy | aE
depth, inches % % % clay sile o | 2
Churu
0—56 1,43 0,17 0,19 10,10 3,70 | 75,73 8,68 4.4 YN
21—49 0,80 0,04 0,16 11,80 4,75 | 75,27 7,18 3,5 8,1
Ludhiana
0—6 0,88 0,09 0,22 11,70 10,70 | 37,35 39,07 4.4 8,0
12—24 2,40 0,04 0,23 22,55 14,55 31,39 | 28,83 3,2 7,5
48—172 0,93 10,19 0,08 8,35 8.00 | 21,63 | 50,82 1,7 7,9
Annegeri
0—6 10,82 Nil 0,42 57,65 | 15,06 7,65 8,41 6,3 7,6
12—24 11,63 Nil 0,47 56,65 14,85 8,61 7,74 9.5 7,9
48—T2 10,67 6,13 0,31 55,45 14,30 8,68 4,48 10,2 8,8
Manchkund
0—6 2,97 Nil 1,89 37,80 | 27,00 | 16,70 | 13,38 9,8 6,4
6—24 3,21 Nil 1,15 44,50 | 2745 | 13,83 9,87 7,0 6,0
24—48 4,47 Nil 0,46 58,30 | 19,70 | 11,22 5,86 4,0 5,6
Padwa
0—6 2,49 Nil 1,41 42,90 | 14,60 | 18,80 | 19,79 8,4 6,0
12—48 3,85 Nil 0,77 62,80 | 10,85 3,04 | 17,79 8,3 5,2
Pasighat
0—17 295 Nil 1,75 26,05 | 42,74 | 22,61 4,09 7,5 6,2
7—29 2,92 Nil 0,70 24,20 | 41,75 | 26,48 3,95 4.5 5,9
29—50 2,70 Nil 0,72 26,90 37,50 | 27,79 4,39 6,3 5,9
50} 5,64 Nil 0,66 28,25 28,85 32,77 3,93 6,8 5,8
Cerrapunji
0—6 9,53 Nil 2,84 31,35 23,95 | 26,38 5,95 9,3 4.4
12—24 4,35 Nil 0,34 35,88 | 27,23 19,97 12,24 3.1 4,8
48—72 4,71 Nil 0,35 38.15 | 25,55 | 20,67 10,67 4.1 4,6

and gradual weathering of the Himalayas, the geological formation of which
ranges from Archaean to Tertiary (Siwalik) with a great variety of rock types
(Krisanaw [17]).

Annegert: Archaean rocks (gneisses and schists) constitute the formation
of the area (KrisENaAN [17]). The main rock types are:

a) Dharwar schists and gneisses. It is the ancient sediment now highly
metamorphosed to schists and intruded repeatedly by granites and granitic
gneisses.

b) Peninsular gneisses. It is the mixture of different types of granitic
rocks with inclusions of hornblendic rocks. The rocks are metamorphosed
(gneissic) and entered into the Dharwar schists as intrusives.

Manchlund and Padwe: The ancient country rock is mainly ferruginous-
schists (KrisHNAN [17]) containing much haematite and limonite and bands
of garnet-magnetite rocks. The country rocks are intervened in monotonous
repetition by alternating bands of a host of well-developed Archaean rocks of
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Eastern Ghats. The principal groups are garnet-sillimanite-schists and gneisses
(IKhondalite series), Charnockites series, cale-gneisses and gneissose-granites.

Pasighat: The Dihang river, which flows from north to south across
the Abor hills and descends to the alluvial plain near Pasighat, has built up
the alluvial deposit around Pasighat. The river on its southward journey
across the hills towards Pasighat traverses the following geological formation
(CoaeINBROWN [5]), namely:

L. Abor voleanic rocks -- composed of basalt (augite, magnetite, caleic
felspar)

2. Gondwana rocks — composed of quartzite, shales (quartz, felspar,
mica), sandstones,

3. Metamorphic rocks — composed of slates, micaceous phyllite; dolo-
mitic rocks, quartzite, mica-schist.

4. Pleistocene and Siwalik rocks.

Cherrapungi: In Cherra plateau, the rock immediately underneath the
soil is Sylhet limestone of Tertiary (Eocone). Immediately underneath the
limestone is Cherra sandstones of Tertiary. Beneath the Sylhet limestones and
Cherra sandstone there are some sediments of sandstones limestones and
a lava flow (basalt, Sylhet trap). The sucecession of rocks with Sylhet limestone
at the top and basalt at the bottom are underlain by Archaean core rocks
(Grosu [9]) represented by hornblende biotite-gneisses, quartz-biotite-silli-
manite rocks, mica-schists (with garnet), chlorite-schists and hornblende-
schists.

Samples for X-ray and D.T.A.

Clay fractions (<2 u) obtained by the international method were freed
of organic matter and converted into H-clay by treatment with N/20 HCL

Coarse silt (20—50 u) separated from sand by wet-sieving and repeated
decantation (Jacksow [14]) were cleansed of free oxides following the proce-
dure laid down by Aeuinera and Jacksox [2].

The entire clay (<2 u size) and coarse silt werc subjected to Xeray
using nickel filtered Cu K, radiation and Phillip’s large Debye —Scherrer
powder camera.

Differential thermal diagrams of organic matter free clay in the H-form
were obtained with the help of a manually operated D.T.A. apparatus.

Surface area

Total and external surfaces of clay fractions free of “free oxides’” were
determined following the procedure recommended by DyaL and HENDRICKS [8].

Y-value of soil clays was calculated according the formula given by
MarTin and Russer [20].

Cation exchange capacity of soil and soil clay was determined by the
ammonium acetate method and distillation as given by PercH et al. [23].
The exchangeable Ca and Mg were determined by versenate titration, Na and
K determined photometrically.

Determinations of other chemical constituents of soils and of soil clays
were done in their usual and conventional ways.
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Fine Sand (50—100 y)

The separation of heavy (>2,9) and light (<C2,9) fractions was done by
the bromoformtribromomethane method of KrRoUMBEIN and Prrrisonw [18].
Standard petrographic procedure as outlined by WincHELL [28] were followed.

Results — Part [
Petrographic study

Detailed mineralogical composition of the heavy and light fractions is
illustrated in Table 3 and 4, respectively. The summarised account of prove-
nance (MILNER [21]) is presented in Table 5.

Deduction of the nature and composition of parent material: A qualitative
estimation as to tne above is done from the study of provenance and supple-
mented with local geological information. In alluvial soil where any definite
geological information is lacking, the probable nature and composition of the
source rock (which supplied the alluvial material) is deduced by comparing
the rock types as assessed from the provenance with those of the rock outcrop
nearby.

Chury: The study of mineral association in table 5 brings out that the
alluvial parent material of this soil consists of components derived mainly
from acid igneous rock and a rock related to metamorphosed mafics (amphi-
holite type).

The rock fragments (Table 4) identified are mainly of fine grained quart-
zitic and some are of volcanic rocks. The former comprises one of the important
rock types of Delhi system (refer geol. description) and the latter may be looked
upon as being derived from rhyolite (volcanic granite); the small exposure of
Malani rhyolite & few miles south-east of this place might be the source. This
furthermore suggests that the extensive alluvium around Churu is partly
supplied by the materials transported from the rock outecrops nearby. The
dominance of angular minerals in both the fractions also indicates that the
material is transported only through a short distance.

Ludhiana: Table 5 shows that the parent material of this alluvial soil
consists dominantly of materials derived from granitic and metamorphic
rocks (mainly mica-schists and some basic metamorphic rocks). Since the
sample point lies within the extensive alluvium area (refer geol.), the parent
material is expected to be of transported origin, which is here corroborated
by the presence of a varied assemblage of rock types as indicated in the pro-
venance.

Trequent well developed crystal outline of zircon and tourmaline also
suggests that the parent material has not been transported through long
distance. Apparently, the source areas of the parent materials lay in the sub-
Himalayan region north of the locality.

Annegeri: Inherited heavy minerals and their association indicate the
occurrence of a mixed assemblage of metamorphic rocks with granites in the
underlying parent material of this soil. This is in accordance with the rock
types of the area (cf. geol. description). Study therefore confirms that the
parent materials of the soil are of residual origin.

Manchkund and Padwa: Provenance study discloses that the parent
material of these soils is a material predominantly derived from acid igneous

9
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Table 3
Mineral composition of heavy fractions (frequency of mineral in percent)
3
= B
of g g 2 2| =
5«-5 w w o
'.E;'d,s g % £ sl 3| 2| 3| 2| 2| 8 - g
E SN I AR AR AL AR AR A
w e S = & S| < < & 3 & ) ] 7]
Churu
0—5 21,5 28,5 17,3 13,6 98| 7,0| 1,4 | 0,9 tr - —
21—49 17,2 27,8 9,7 17,6 12,5| 99| 3,7 0,9 — | to. — —
Ludhiana
0—6 12,2 23,4 8,2 3,0 86| 15(39,1| 2,3 — | 1,5 —_ —_—
48—172 11,4 18,2 6,4 7,6 3,6 6,1|454 | 0,7 — | 0,7 - —_
Annegeri*
0—6 +4+4+ — +++ |+ | = = |t — | = = =] =
48—72 | A+ tr. | ] | — | + - =+ =] =] —
Manchkund
0—6 77,4 — — 16,3 07| 0,7 — — | L0| 03] 37| —
24—48 82,9 — 0,3 14,6 | — 0,8 — — | 0,8 0,5 — —
Padwa l
0—6 91.4 0,4 - 43| 04| — — | 04 1,5 — | L1 —
12—48 84,7 0,3 — 44| 2,5 03| — — 50! —| L9 | —
Pasighat
0—7 5,2 6,4 20,8 11,9 5,0 12,9| — | 5, — | 2,0 — —_
504 36,0 1,6 20,0 15,6 4,0, 7.2| 1,2 (13,2 — | 1,2 — —
Cherrapunji
0—6 50,8 | 8,7 05 |222| 16| 32| 16|97 —| —| —| 11
48—72 61,8 3.4 2,1 201 21| 82| — | 21| 0.3 — — —_—

* Quantitative estimation was not possible as the volume of grains obtained was too
small for modal analysis,

-+ relative abundance,

tr. = trace

Churu:
Ludhianas:
Annegeri:

Meanchkund
& Padwa:

Pasighat:

Cherrapunji:

Remarks

1. Tourmaline predominant. 2. Opaques mainly ilmenite few magnetite, rarely
limonite. 3. Amphiboles essentially hornblendic.

1. Biotite predominant. 2. Amongst opaques, magnetite abundant, some ilmenite.
3. Amphiboles mainly represented by hornblende.

1. Opaques mostly magnetite 2. Epidotes dominant amongst non-opaques. 3.
Amphiboles chiefly hornblendie.

1. Limonite predominant in opaques-constituting 22,6—830,29% of the total
heavy suite in (0-—6) and (24—48") samples of Manchkund and 30,6—87.7% in
(0—6) and (12—48") layers of Padwa. Other opaques being magnetite, ilmenite
and haematite. 2. Zircon predominant in non-opaques. 3. Amphiboles mainly
tremolitic.

1. Epidotes predominant in non-opaques. 2, Opagques chiefly ilmenite and magnetite.
3. Amphiboles mostly hornblendic (0—7”) and actinolite with tremolite and horn-
blende in (50-1") layer.

1. Opaques mainly ilmenite, some limonite. 2, Zircon predominant amongst nou-
opaques 3. Amphiboles chiefly tremolitic,
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Sampling

sites and

depth in
inches

Churu
00— 5
21 —49

Ludhiana
00— 6

48—172

Annegeri
0— 6
48—172
Manchkund
0— G
2448
Padwa

0—6

12—48

Pasighat
0—17

BIES

Cherrapunji
h— 6

48 -—=72

| Quartz

5.8

830

=

G5 2

EUR

G2

=1

a1

' Plagio-
clase

23.9

19.2

14,7

18,3

5

20

b ]
=1

~1

127

16 8

81

Table -
Mineral composition of light {ractions

Felspars

Variety and
altrration®

mainly oligoelase with
some albite, former mode-
rately altered. latter fresh

mostly andesine to labra-
dorite, slightly altered

Moderately altered. no ex-
act member could
identified

be

mostly oligoclase to ande-
sine; fresh, slicht to mod-
vrately altered

mainly oligoelase, andesine
heiug next in abundance;
slightly altered

var. same; highly altered
zeochemically

acidic (mostly oligoclase)
slightly  to  moderately
altered

mainly intermediate
Ab —An; ; fairly fresh

basic (towards anorthite),
altered

rar. same; slightly altered
to fresh

chieflv  oligoelase  with
alteration
var. same; iresh. some
slightly  to  moderately
altered

heavily altered, no speeies
could be determined

moztly oligoelase-andesine,
slightly to fairly altered

K-

1.8

3

=1

12,3

L1

o
-I

33.8

206,06

15.3

0.9

' elspar |

(Frequency of mineral in percent)

131

wo.| Ltock
-— ! M“fl_-t‘g]’ f\r(.zl?g Compo=itfor.
Variety aml ments |
alteration* ‘ |
o i |
mierocline-per- ! — 8,9 fine
thite, slightly grainecl
altered | quartzi-
i ! o ic &
var,same; fresh 1,1 | 14,5 l tie, Sk
voleanic
microcline 18.3 | 3.9 | fme
slightly perthi- | grained
tic, alteration | schise
vory slight | toserock
| 1‘ with mi-
| caceous
do (191 | — i mineral;
P quart-
! L zitie
; 4 | - i
microeline-per. | 2,7 | — |
thite, fresh { !
| |
do | 2.7 | — i
1
|
wicrocline-per- | 174 | 13
thite, slight |
alteration |
i
var. samo; fair-| 13,6 | 49 |
ly fresh i
|
microclive-per- | 11.1 T
thite. slight i
alteration |
var. same; fresh | 11.0 | 67 |
|
|
microcline-per- | 14 | 6.9 | fine
thite, mode- I gruined
rately altered ' achis-
| - tose;
| [ quartz-
var. same; fresh | 4.0 79 { felspar;
& slightly al- I traces
tered i ofchert
i © fine
18.8 133 grained
| mica-
5 ceous
microcline.mod-| 23 2 | 87 | achists;
erately altered { shale

* gbservation based on inereased pitting, nunber of eraclks and degree of clouding-up of grains,
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rock and some mixed metamorphic components. The latter are mainly of miea-
schists with some tremolite-schist in Manchkund and is of cale-gneiss type in
case of Padwa.

There is a strikingly large amount of opaques specially rich in limonite
(Table 3) in both the soils. They originate in sands obviously by inheritance
from the ferruginous-schistose country rocks (vefer geology) underlving the
soils and this parent rock-soil genetic relation clearly establishes the pedogenic
role of this family of rock in the formation of these soils.

Acid igneous rock, the presence of which is indicated (Table 5). might
represent Charnockites which constitutes one of the rock types around the
region. In view of the absence of pyroxene and hypersthene or enstatite which
characterise the mineraological constituents of Charnockites (Wap1a [27]),
it may he said that this group of casily weatherable mineral have fully weathered
or have, possibly. been altered to limonitic iron ores (MoER and van BAREN
[22]). In a similar way, cale-gneiss as indicated (Table 5) represents the eale-
uneiss oceurring around the region (Geol. description). Disappearance of pyro-
xene, hvpersthene and augite which usually associates calc-gneiss (KRISHNAN
[17]) has likewise taken place under the existing humid weathering condition.
The rock types deduced from the provenance are thus in close agreement with
those actually occurring around the region, establishing that the soils are of
sedentary formation.

Pasighat : One of the rock types around Pasighat alluvial plains, as the
geology of the area points out, is a metamorphic rock composing mainly of
dolomitic materials and mica-schists. Cale-schist (dolomitic limestone meta-
morphosed) and mica-schist as deduced from the mineral association thus
bears out and confirms the occurrence of the above metamorphic components
in the parent material composition of the soil. Quartz-felspar rock fragments
(Table 4) may similarly be attributed to their possible derivation from Gond-
wana system (refer geol.) composing of sandstones, quartzites ete. The study
thus gives a clue that the alluvial material on which Pasighat soil has devel-
oped, has been fed with materials from metamorphosed (cale-schists) and
other varied assemblage of rock types exposed in the close vieinity.

Cherrapungi: Cherrapunji is situtated on the Shillong plateau, the core
of which is represented by rocks of the Archaecans underlaid by Cretaceous-
Tertiary sediments (Geol. record). All the rock types as deduced from study
of accessory mineral assemblage (Table 5) may thus be looked upon as being
representatives of the Archaean system. Weathered comminuted schistose
rock fragments (Table 4) gives a direct clue as to the occurrence of metamorphic
schists of the Archacans in the parent rock composition and they furthermore
indicates the pedogenic contribution of this family of rock in the formation
of the soil. Fine grained shale particles may, on the other hand, be looked upon
a8 being derived from the Cretaceous and Tertiary system. Rock types as
shown by the provenance are thus in close agreement with those of the underly-
ing solid geology revealing that the soil has developed in situ from the rocks,
chiefly acid igneous and basic metamorphics (like thornblende-, and chlorite-
schists) of the Archaeans.

Though inherited from the basic metamorphic components of parent
madterial, survival of chlorites and amphiboles in good amounts in Cherrapunji
sand (also in Pasighat) against perhumid weathering conditions with accom-
panyving acid soil reaction, is interesting. In the event of adherence of chlorites
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Table 5

Provence Study

Sampling rites

Association

Probable source
rock

Churu tourmaline, zircon, muscovite acid igneous (dominant)
epidote, amphiboles, biotite, chlorite, metamorphic (amphibolite)
garnet, kyanite, plagioclase |
|
- ) [
Ludhiana euhedral tourmaline, zircon, muscovite | granitic rock (dominant)
biotite, garnet, kyanite, schistose | mica-schist*
rock fragments
epidote, chlorite, amphiboles, opagues | basic metamorphic
Anmegeri zircon, muscovite, tourmaline, acid igneous
opaques epidote, biotite, amphiboles basic metamorphic
Manchkund high abundance of muscovite, K-fels- dominance of acid igneous rock
pars, intermediate plagioclase in
felsic and zircon amidst accessories
rutile, garnet, kyanite mainly mica-schist**
tremolite with kyanite minor tremolite-schist
Padwa muscovite, K-felspars, zircon, tour- acid igneous (dominant)
maline |
Ca-end plagioclase, high amount of mixed metamorphic, mainly
garnet, rutile calc-gneiss
Pasighat zircon, tourmaline, K-felspars, musco- acid igneous
vite
epidote, amphiboles, chlorite, biotite cale-schist** (dominant)
garnet, kyanite, biotite mica-schist (minor)
I
herrapunji zireon (large amount), tourmaline, | dominant occurrence of acid
biotite, high abundance of muscovite |  granite
garnet, sillimanite, rutile garnet-sillimanite-schist
chlorite, epidote, amphiboles basiec metamorphic

# mnixed metamorphic of which mica-schist is conspicuous ** mixed metamorphic

it may be said that weathering of the original ferromagnesium chlorites or the
incomplete reconstitution of them through diagenesis has yielded this chlorite
which therefore may be looked upon as secondary (pedogenic) and thus having
a more weathering stability (Jacksow et al. [15]).

Uniformity in mineral composition in different layers goes to show that
all the profiles under study are homogenous, being derived from materials
of the same composition and origin.

Part 1I

Base-exchange behaviour of soils

Table 6 indicates that CEC values are low in Churu and Ludhiana.
In the former soil more than 57 percent of the total exchangeable cation
is Ca?*, followed by Mg?t. In Ludhiana, K* and Mg*" are the dominant
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Table 6

Buse-exchange properties of the whole soils (oven dry basis)

S — Percent adsorbed cations Base Satiration 0EG
depth in inches & ‘ = at pH 7,0 at 0
ot | g ‘ Kt Nar | ms gereny | oBA
Churn 1
0—5 | 57,70 31,73 4,18 G,39 0 100 7,2
2149 | 82,71 20,20 1,68 6,61 0 100 8,9
Ludhiana
0—6 26,89 20,67 45,30 7,14 0 100 6,2
1224 38,26 17,28 33,19 11,26 0 100 4,8
48—72 44,33 20,97 23,81 10,89 0 100 5,0
Anunegeri
0—6 63,36 31,56 1,08 3,99 0 100 68,7
12—24 63,19 30,87 1,18 4,67 0 100 70,1
48—172 37,60 45,27 1,01 16,11 0 100 56,7

exchangeable cations. High base saturation with K+ and Mg>* in the above
two soils (Ludhiana and Churu, respectively) indicates that within the soil
material, primary weatherable minerals of K- and Mg-bearing types occur
as dominant constituents in equilibrium with secondary minerals in the clay
complex. Such an equilibrium is indieative of clay mica and 2 : 1 expanding
or chloritic minerals in Ludhiana and Churu soil clays, respectively.

In the semi arid soil from Annegeri, the c.e.c. is high. Since the organic
matter content (Table 2) of the soil is low, the high capacity may be due to
the presence of clay mineral of 2 : 1 expanding type. This is supported by the
presence of high exchangeable Mg2* and Ca2*, particularly Mg?+,

CEC, specific surface and Y-value of soil clays

Results are shown in Table 7. The fairly high exchange capacities together
with the Y-value of the order of 20,9 (being the upper limit of illitic mineral
— MarTIN and RussErL [20]) and fairly high internal surface areas indicate
the existence of highly degraded illite or, an expanding lattice type clay mineral
in Churu clay.

In Ludhiana, Y-value of 16,4 with internal surfaces of 117,83 to 1444
sg.m./gm. are an indication of the presence of illite like clay minerals, probably
of the degraded type. The exchange capacity also points to the same.

CEC of Annegeri soil clays is high and suggests 2 : 1 type expanding
clay mineral like montmorillonite. The existence of highly expanding layer
lattice is also indicated by the large total surface area and confirmed by equally
high internal surface. High Y-value in the tune of 41,2 is also suggestive of
the dominance of expanding type secondary mineral in this soil (MARTIN
and RUSsEL [20]). '
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Chemical properties of soil clays

Results are presented in Table 8. Fairly high silica content and Si0,/Al,04
molar ratio of 3 or so, suggest 2 : 1 type clay mineral in Churu clay. High
K.,O suggests the occurrence of a dominantly illitic mineral. In addition,
fairly high MgO content (c. 2,23 per cent) reveals some magnesium bearing
layer silicate mineral. A similar argument holds forth in case of Ludhian clay.
High silica and molar SiO,[Al,O; ratio are definite indications of 2 : 1 layer
lattice mineral in Annegeri clays. The paucity of K,O in this clay indicates
an apparent absence of illite. In view of fairly good amount of MgO and CaO
and seemingly high content of SiO,, inference leads to montmorillonitic clay
mineral in this soil clays.

Mineralogy of soil cluys — X-ray study

Diffraction pattern of Churu sample shows a diffuse reflection at about
10 A tailing towards long intensity line indicating the presence of degraded
illite. This is further confirmed by heating the sample on to 600°C whereby

Table 7
Ethylene glycol retention, C E C and Y-value of soil clays

. . Externa Internal
S;ﬁp;:ﬁlsﬁ;s SEI?I'?.;G suifac:] ‘! surface gEC g;ﬂgg
inches meqf100  gm. layer)
5¢. m/gm
Churu
0—5 246,6 43,2 203,4 51,0 20,9
21 —49 308,1 117,7 190.4 58,3
Ludhiana
0—6 162,3 45,0 117,83 44,1
12—24 15,9 45,8 130,1 60,4 16,4
48—172 177,0 32,6 144.,4 52,7
Annegeri
0—6 576,1 51,3 524,8 102,9
12—24 409,3 44,0 365,3 124,2 41,2
48—T72 379,2 52,1 327,1 107,5

the diffuse pattern becomes somewhat defined at 9,8 A. In addition to illite,
X-ray diagram reveals the presence of a small amount of kaolinite correspond-
ing to its (001) basal spacing at 7 A and other subsequent basal reflections.
The presence of kaolinite is confirmed by heat treatment. Besides these lines,
the diagram shows a 14,02 A line which remains stable on glyceration as well
as heat treatment. This is due to presence of chlorite. Treatment with 109, HCI
confirms chlorite. :

In Ludhiana clays, the 10 A spacing is highly diffuse and on heating,
the spacing becomes sharp at 9,98 A indicating the presence of degraded illite.
Besides this, other fairly well defined spacings of illite are also to be noted,
viz., 4,44 A, 3,33 A, 2,57 A and.1,50 A (060). Sample also shows the presence
of a small amount of kaolinite (001 at 7,07 A) which is confirmed on heating



136 DATTA & ADHIKARI: Clay Minerals of Some Indian Soils

to 600°C. Diffraction diagram further shows a diffuse pattern in the 2 6 region
corresponding to 14,4 A, spreading upto 9,9 A, with some weakly defined
line at 14,4 A. Stability of the latter towards heat and glycerol treatment
suggests the presence of chlorite in this elay. Chlorite in Ludhiana soil was
also noted by Kanwar [16].

The dominant mineral in Annegeri clays is montmorillonite — the pres-
ence of which is clearly indicated by a well defined 14,06 A spacing which
closes to 9,54 A on heating, and on glyceration shifts towards longer spacing
with a reflection at 17 A (MacEwan [19]). Presence of a little quantity of
illite is also indicated by having 3,33, 2,57 and 1,50 A lines and a (001) diffuse
reflection in the region of 9,9 A.
A very low intensity 7 A line
and its elimination on heating
indicates a small amount of
kaolinite too in this clay.

Differential thermal analysis

‘ ;A DT.A. curve of Churu
B0 sh w0 s 40 pY M0 G clay (Fig. 1) is almost flat upto
e~ 350°C showing little or no loss
i : of water at low temperature.
This is followed by a small en-
dothermic reaction and finally
a sharp endothermie peak at
573°C (Curve A) and 555°—
567°C (Curve B). These charac-
ters indicate kaolinite, The
shifting of the main endotherm
which is usually at 610—620°C
in well crystallised kaolinite
(GrrM [117]) towards lower tem-
perature, in this case, however-
may be due to the presence
of other mineral like illite
(ApHIKARI [17).

In Ludhiana differential
thermal diagram (cf. Curve D,
Fig. 1) indicates gradual but
substantial water loss attended
with a base line drift from the
beginning upto a temperature
about 800°C where the dehyd-
ration is considered to be com-
SEEE B EEE N plete. This shows the first de-
| | SEERBRERRE hydration peak in the vicinity

PN REEL R of 95°C continuing uniformly
8D 00 80 200 250 300 30400 450 500 550 500 650 100 7005 850 500 £ ° upto 200°C, the zecond one in
Figure 1 the region of 525°C and the
Differential thermograms of clays. A—B Churuy third in the proximity of 600 —
80il. C—~D—E Ludhians soil. F—G Annegeri soil  650°C but there is no high




AGROKEMIA ES TALAJTAN Tom. 17. (1968) Supplementum 137

Table §

Elemental analyses of soil clays (oven dry basis)

3 ine si I Tatal i . o - anition
s | oo, | uo | g | o, | w0 | wo | ko | e | o,
inches e et st e molar rabio
i %
= = N — o _ I =
Churu ! |
0—35 45,45 23,30 | 10,77 0,44 0,82 1,19 6,50 10,96 3,3
20—49 43,58 24,11 ‘ 9,07 0,45 0,86 22d 6,62 13,13 3,1
Ludhiana
0—6 40.89 27,22 12,27 | 040 0,84 1,07 8,09 9,96 2,6
12—24 42,44 33,60 | 4,43 | 0,86 0,96 2,21 5,65 9,85 2,1
48-—-72 43,50 26,57 } 12,55 0,69 0,76 0,90 5,80 9,23 2,8
Annegeri
0—6 51,87 24,48 11,94 0,68 1,48 1,38 0,81 10,15 3.6
12—24 53,23 15,50 12,96 0,72 0,92 1,00 0,85 13,02 5,9
4872 5,27 16,17 11.67 | 0,91 0,80 1,81 1 0,65 i 12,72 5,8

temperature reaction. These features are the characteristic dehydroxylation
reaction (ADHIRARI [1]) and discloses the presence of illite together with some
kaolinite in it. The broad endothermic dehydration reaction at low tempera-
ture may possibly denote the degraded state of illite present.

The curves (Fig. 1) of Annegeri soil clays show considerable water loss
at low temperature between 100—150°C with sharp endothermic peaks at
145 and 117,5°C (doublet) for the 12—24" and 48—172" samples, respectively.
This endotherm with a sharp base line drift indicates sorbed water in the
large interplanar spaces of expanding layer silicate. This suggests montmoril-
lonite. The second sharp endothermic peaks at 650--655°C (Curve F) and
at 637,5°C (Curve G) corresponding to main dehydroxylation reaction may
also be due to montmorillonite. The presence of the latter is further supported
by a third small endothermic peak at about 860°C (due to loss of the last
hydroxyls) followed by an exothermic reaction in the region of about 900°C
(GrREENE-KELLY [10]). A weak peak between 500 and 550°C may aceount
for a small amount of kaolinite.

Summarising the results — Churu and Ludhiana clay are predominantly
illitic containing small amounts of kaolinite and chlorite, whereas Annegeri
clay contains essentially monomineralic montmorillonite clay with a minor
amount of kaolinite and illite.

Mineralogy of coarse silt

X-ray study of Churu sample shows that quartz constitutes the major
mineral in this fraction; besides it contains mica and some felspars.

The presence of the former is indicated by the (001) spacing at 10,72 A,
In view of the long spacing, the mica present appears to be a hydrated one.

Quartz is the principal mineral in Ludhiana coarse silt. Besides, felspars
are present in appreciable quantities. The presence of mica is also detected
by X-ray analysis. The spacing of 10,93 A, longer than the usual (001) spacing
value. indicates that mica is hydrated.
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X-ray data of Annegeri silts reveals quartz to be the most dominant.
A very little quantity of felspar is found to be present. There is present also
a smallAa,mount of secondary mica, indicated by (001) reflection being at
10,879 A.

Discussions

Churu. Churu soil has developed on tropical alluvium of Plesitocene
and Recent under a desert arid weathering condition. The alluvium parent
material consists dominantly of materials derived from acid igneous and some
metamorphic rocks (amphibolitic).

Amongst the weatherable aluminosilicates, amphiboles (mostly horn-
blende) occur in appreciable amount together with small amount of biotite
and traces of chlorite, in the heavy erop of fine sand. In the felsic fraction,
quartz is dominant and muscovite is searc or absent. Plagioclase which is
markedly abundant, is constituted mostly of andesine to labradorite, and is
in a state of alteration. Compared to these soda-calcic felspars, fine sand con-
taing only a small amount of K-felspar, very slightly altered. Occurrence of
a minor amount of felspar in silt fraction when compared with its abundance
in the fine sand (present mostly as plagioclase), signifies that the silt fraction
is chemically more reactive than the sand size fraction and affords evidence
for plagioclase weathering in this soil.

Calcium and magnesium occurring as dominant exchangeable ions owe
their derivation to the weatherable minerals of calcium bearing plagioclase
and amphiboles. Arid weathering condition having minimum leaching effec-
tiveness, ensures retention in the weathering zone, of Ca and Mg yielded by the
decomposition of those minerals. The ions thus liberated and mobilised, have
appeared in the exchange complex creating thereby an ionic environment of
alkaline earth cations.

Though primary micas through reduction in particle size, is the usual
precursor of illite, in parent material without primary micas (c. volcanic
granite) as one studied here, illite may be synthesized during soil developmental
processes in the same manner as other secondary minerals (BARSHAD [31)
The same may be the process of formation of illite in Churu clay. The latter
seems, therefore, to be associated more with the weathering of basic plagio-
clases, abudantly present in soil. Chlorite, the other mineral in clay, is pre-
sumably, ascribed to amphiboles in fine sand. The alkaline earths soil environ-
ment appears to promote both illite and chlorite formation as well as their
stabilisation.

Ludhiana. This soil has been formed on the Indus alluvium of Recent
geological formation under arid climate. The alluvium parent material is com-
posed of a varied type of rocks, of which the prominent ones are acid igneous
and metamophic rocks like mica-schist and some basic metamorphies.

Alkaline pH, percent base saturation and richness of Ca?*, Mg®** and
K* ions in exchange sites and abundance of weatherable biotite mica in sand,
disclose that the soil is in early stage of weathering. Considerable presence of
easily decomposible plagioclase (X-ray study supplemented with calcium
analysis) in coarse silt also lends support to the fact that the soil as a whole
is not much chemically active.
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Among the minerals in fine sand, the striking feature is the occurrence
of micas — both biotite and muscovite, in large quantities. In the heavy
detritals, accompanying minerals (besides biotite) belonging to weatherable
aluminosilicate group, include amphiboles-and chlorites. Amongst felspars,
plagioclase, intermediate (Abg,An,) with moderate alteration, occurs in fairly
high amount and K-felspar (microcline) in appreciable quantity.

It appears that much of the illitic fraction of Ludhiana clay is derived
from the micas of parent material. Potassium rich ionic environment (evaluated
from high saturation of exchangeable K+) which resulted from the decomposi-
tion of primary micas, specially biotite appears to favour the formation and
stabilisation of this illite. Chlorite in soil clay fraction, on the other hand,
appears to be associated with biotite and amphiboles. The latter minerals
weather fairly rapidly and may be presumed to build up on their breakdown,
an environment of Mg-ions (as measured from its high content in the exchange
complex) in the soil weathering zone. And it is this magnesium which might
have promoted the formation of chlorite in clay fraction.

- Kaolin occurring as a minor mineral seems to be associated with the
felspars in sand. Minor occurrence is due to the incipient weathering condition
that might restrict the decomposition of felspars.

Annegeri. The soil has developed in situ from the underlying parent
roksc of the Archacan. The latter is mainly composed of a mixed assem-
blage of metamorphic rocks adequately rich in alkaline earth (mainly mag-
nesium) bearing and iron bearing mafics, in a highly metamorphosed state.

Distinetly alkaline reaction, accumulation of CaCO, and high saturation
of caleium and magnesium in the exchange complex indicate that leaching
process inside the soil is not pronounced. b

Fine sand is poor in muscovite. K-felspar occurs in small amount and
are fairly fresh. Soda-lime felspar on the other hand is fairly common. They
are mostly oligoclase to andesine. grains marked with slight alteration. They,
however, appear to have been geochemically altered (saussuritisation; TYRELL
[26]). This gives further evidence for a high degree of metamorphism of the
parent rock as noted from the geological information. Epidote predominating
in the accessory mineral crop of fine sand may be looked upon as an altered
product of the ferromagnesium minerals and felspars (WINCHELL [28]) as
resulted from such hydrothermal metamorphism. This further contributes
supplemental evidence of the presence of a large ferromagnesium mineral suite
in the original parent rock. Present paucity of these group of mafics in fine
sand, shows that they being prone to easy weathering, have been spent up
n the formation of the soil, yielding a weathering produect initially rich in
iron and alkaline earth cations. It appears that the semi arid climate with
insufficient leaching has ensured that the liberated bases are retained in the
weathering system, thus raising the percentage adsorption of Ca & Mg in soil
exchange complex and pH initially above 7. The calcium and magnesium’
anic environment thus liberated and mobilised, has promoted the formation
indstabilisation of montmorillonite, the predominant clay mineral in Annegeri
black soil.

Absence of any appreciable quantity of muscovite probably explains
the paucity of illite in this elay. A low content of exchangeable K+ at the same
time discloses that this soil in its weathering zone did not have an adequate po-
tash environment which is an important precondition for clay-mica formation.
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The investigation furthermore goes to show that though trap basalts is
the typical parentage to mostly all Indian black soils, they may also form
on other parent material as one studied here, the prerequisites being the
richness of alkaline earths and Fe-bearing weatherable rock-forming minerals
and assurance of mobilisation of their weathering products in the soil system,
The same was noted also by TAMHANE and Namrosmr [25].

Summary

Genesis of clay minerals through the approach of ionic environment of
weathering zone is studied taking three Indian soils belonging to arid tropical
climate. Assessment of their parentage, content and alteration of minerals
in coarser soil fractions are studied in relation to their role of yielding and
maintaining the ionic environment as finally governed by the weathering con-
dition prevailing in the soils. The study showed that ferromagnesium silicates
like biotite, amphiboles and chlorites in fine sand are associated with Mg-
bearing secondary minerals in clay, when the weathering intensity is low or
moderate. When illite is dominant fine sand contains high K-bearing minerals,
particularly muscovite (Ludhiana). When both the alkali and alkaline earths
constitute the parent rock composition, under above similar condition of
weathering, Mg-bearing clay mineral and illite are the constituent minerals
in clay (Ludhiana). It also follows from the study that the ion species con-
stituting the integrating parts of the mineral lattice, i.e. K* in illite, Ca2*
and Mg*" in montmorillonite and Mg?* in chlorite stabilises these minerals
if present largely as exchangeable ions.
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