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,NTRODUCTION

The Indrayani river basin (Fig. I )
situated on the eastern flanks of the
Vestern Ghats, forms a part of the

f)eccan Volcanic Province, wh:ch is con-
stituted chiefly of basaltic lava ftrows.

The basalts with more or less un,ifornr
chernical and mineralogical composition
l,ave undergone chernical weathering that
iras resulted in the development of two
contrasling soil types. The reddish brown
coloured lateritic to semi-lateriric (fer-
ralitic) soi]s are observed in the western
part of the Indrayani river basin; while
ita eastern part shows the presence of
grayish black coloured margalitic or
black cotton soils (Fig. I ). In the present

Faper an attempt has been made to dis-

GEOCI{EMISTRY OF SOILS OF THE INDRAYAT\U RIVER BASIN,
WESTERN MAHARASHTRA, INDIA.

D. N. PATIL, A.V. KULKARNI and S. K. 'I'HORAT, Pune.

ABSTRACT: Ths Indrayani river basin oi the r,vestern part of Maharashtra has developed'
two contrasting soil types from the parenc rock basalt ,:,f more or less uniform chemical and
mineralogical composition. The ferralitic soils of the western part of the basin have developed
under free drainage conditions which is evidenced by the presence of kaolinite group of clay
miirerals, and iron and aluminium minerals. On the contrary, presence of the smectite group
of clay rrinemls in the margalitic soils has been attributed tc restricted drainage conditiors
developed due to level topography of the eastern part of the basin.

Geochemical data of the soil profiles representing eartern and westera parts of the basin,
have shown that the chemical weathering has resulted in general incrrcase in the concentratioa
of AlrO, Fe.O, and TiO, on one hand and depletion of bases (CaO { MgO -|
NarO { KrO) and silica (SiOr) on the other. Triangular plots of Bases (CaOfMgOf
NarO f KrO), Silica (SiOr) and RzOs (Al"Os f Fe"O, + TiOr) and plots of concen_
tration ratios against depth for the soils under study, also indicate similar trends of chemical
weathering.

cuss the evolution of the soils in the light
of the chemical and clay nr"ineralogical
d.ata.

PHYSIOGRAPHIC SETTING

The Indrayani river basin experiences
a tropical wet-dry climate with alternat-
ing wet and dry spells. It receives heavy
'lains during tl-re period from June to
Septernber, the mean annual ra.infall be-
ing 31 29 rnra. The rainfall gradually de-
creases eastwards and it amounts only to
605 mm at Alandi, located in the eastern
part of the basin. The mean maximum
annual temperature is 32oC. However,
the temperafure rnay rise to 42 oC or more
in summer and may fall down to 3"C
during winter.
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GEOCHEMISTRY OF SOILS OF THE INDRAYAM RIVER B.A.SIN

The area under study is drained by the
Indrayarri river and its tributaries, the
rnost prominent being the Andhra,
Kundali and Sudha. The Indrayani and
Kundali rivora display flat-floored valleys
in their upper reaches, where narrow dis-
continuous patches of thin alluvial cover
occur. The Andhra valley is narrow and
gorge-llke and displays a badland topo-
sraphv. The lower reaches of Indrayani
river basin are characterised by flat-
floored very broad 'U' shaped valley
with low and rolling interfluves.

The lndrayani riv,er basin exhibits a
rucg€d topography with moderate (5"
to l0o) to moderately steep (l0o to
2Bo) sk:pes in its western parts. How-
ever, valley flals and hill tops in this
part of the basin display level (0o to
2 o ) to gentle (2o ta 5 o ) slopes. On the
other hand, the flat featureless and un-
Culating topography in the easlern part
of the basin is characterised by level to
moderate (0o to l0o) slopes.x
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Jirect function of slopes and vegetation
cover. The areas with level to gentle
slopes representing valley flats and hill
tops show thicla soil cover with well de-
veloped horizons. A thin soil cover with
poorly defined horizons ha.s been
charactegistie of the mod€rate to
moderately steep sl,oping gxounds. As
soilb are derived from basalt, they usuall3'
have gradati.onal contact with it. At
plaoes, however,, they are seen to rest
directly on a fresh and unaltered basalt
with an abrupt or a sharlr contact. In an
ideal soil profile in the Indraya,rri river
oasin, the lrumus rich 'O'horizon rests
over highly leached 'A' horizon follpwed
downward by a dark and dense 'B'
irotizon; partly to fully weathered, highly
cxidised mineral rich 'C' horizon that
gradually passes into fresh and unaltererl
basalt. The 'B' horizon of the soil profiles
irr the western part of the basin shows
accumulations of alurninium and iron
c.,xides; while concretions of calcium
carbonate a,re recorded in this lro,rizon of
the soil profiles from the eas+ern parts,
At places, in the western part of the
basin, la+erite showing red to reddish
lrrown or yellowish brown colours and
Dorous character has been observed
(Fig. I ). It occurs in narrow tracls
nrargining the valley sides. A typica[
lateritic profile shows an upper 1.0 to
1.5 m thick leleritic duricrust which fol-
Iows downward by a 5.0 to 8.0 m thick
rnottled horiz,on of lilhomarges showing
variegated colours. This horizon grades

into a 1.0 to 2.0 m thick pallid horizon
overlying the bed rock basalL

CHEMIIiTRY OF SOII.S

In order to understand the chetnical
changes that the parent rock basalt has

TFXE Soil^s
The Indrayani rivsr basin shows an ex-

tensive development of soil eover. Field
suryeys have shown that red to reddish
trown coloured lateridc to semi-lateritic
soil inficating 'pedalferric' (al: alumini-
um; fer: iron) trend and grayish black
coltrured margalitic or black cotlon soils
suggesting 'pedocalic' (cal:calcium)
trend (Mohr and van Baren, 1954) re-
spectively occur in the western and
easteln parts of the basin under study.
In order to characterise these soils,

twelve soil profiles (F!g. | ) representing
wesrretrr and eastern parts of the basin,
were sJr'stematically sampled.

It, is observed that the thickness of soil
cover varies from place to place, as it is a

* Slope classification after Young (1972)
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tlndergone during its chemical weathering,
chernical analysis of the soils was under-
taken with the help of a 1275 Varian
A+omic Absorption Spectrophotometer.
Major eliement concentgation as oxide,
has been obtained 6or the soil samples

irom different horizons of the representa-
tive soil profiles shown in Fig. l. Due to
constraint of space, chemical data are pre-
sen'ed only for the Malavali (Table I )
and Sudumbare (Table 2) soil profiles.
.rylrich respectively represent the western
and eastern parls of the basin under

study. The looseiy held water (H,O) is
lost at luemperature less than 105"C.
therefore, it is not reporled. The crystal

+
lattice wa'er (H"O) whieh is actual weight
Ioss at higher tempelature due to conver-
sion of crlrstal latlice OHs to water
./apGrrr and oxygen gas, is rep,orted in the
chemical analysis.

The vertical varianion of each of the
constituent oxides presented in Tables I

antd, 2, respec*ively for the Malavali and
Sudumba,re profrles, has indicated that
the bases (C.O, l\4gO, Na"O and K"O).
silica (SiOr) and ferrous iron (FeO)
lrave been depleted on wealheri,,g.
Altrmina (Alror) and ferric iron
(Fe"O.), however, shon' qeneral increase
in therr concentration on wea*hering.

S;nce, the chemical weathenng process
is complex one and is mo.re ac.ive at the
surface, it follows that the decomposit;on
cf homogeneous parent rock is ?rcoro-
panled by prorressive enrichment of the
rrrost immobile elements as the surface is
approached. However, complele h,omo-
geneity is rarely encountered in nature
a.nd consequently to allevia*e difficult:es
arising in this respeci, an immobile ele-
ment like aluminium is used as an in-

TR,ANSACTIONS OF TIIE INSTITUTE OF INDIAN GEOGRAPHERS

ternal standard as it is the most stable
element in nature (Birkeland, 1984)-
Taking alurniiniurn as an internal standard.
t:oncentra.+ion ratios (C.R.) for various
oxides have been calculared as per the
iollowiirg formula given by Monro, et al,
r 1983):

7o oxide (d) % Al,O, (ret)
cR"=-x

,qo oxjde (ref) o/o AlrA, (d)

where, C. R. : Concentration Ratio of
oxide

d : sample at a specific depth

ref : reference parent material

The concentration ratios obtained for
\/arious oxides from the different horizons
of the IVlalavali and Sudumbare
profiles are respectively presented in
'fables I and 2. '[he pl,ots of concen+fa-

tion ratios against depth (Figs. 2 and 3)
suggesr that greater enrichment relative
io that of AlrOa is indicated by values
more than uni+y; while t}ose less than
unity. Show relative depletion. As NarO
and KrO are readily mobile, they show

marked, decline in the zone of weathering
relative to A!2O3. S'lica, which is also a
p,otentially mobile constituent, is depleted
from the altered product. FeO being
lriehly unstable. is converted into FerO.,
l*ence, shows deple*ion on weathering.
TiO, and FerO. are stable in most
rveathering environments, therefore,'heir
plots of conicentra'ion ratios coincide
rr:th that or AI,O. or some'imes, they
show gain in the;r concentralion during
chera'cal weathering. Calcium and mag-
nesium behave similarly as that of alkal;es
(NarO and KrO) during chemical weath-
erine and their concentration ratios are
usually less than unity.
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of olay minerals have been recorded in
smaller quantities in tfte lower horizon*
of these soil profiles.

Soil profiles of the eastern part of
Indrayani river basin, on the contrary,
have shown the predominance of
the minerals of smectite grouP, the
most prominent clay mineral being
morrtrnorillonite. Halloysite along
r"ith kaolinite occur in the upper horizons

of tfrese soil profiles. Chiorilre and, vermi-
culite have also been recorded. Quartz
.rn.l ca.lcite are lhe two non-clay minerals
p:esent in the lower horizons of soil pro-

files of the eastem part of the basin.

CI.AY MINERAL ASSEMBI.AGE

The clby mineral assemblage (Table 3)
of soils of the Indrayani river basin has

Leen obtained from DTA, XRD and IR
spectroscopic sr:udies (Patil, et alr 1990).
It is observed that the soil profiles from
the rvestern part of Indrayani river basirr

have shown rhe predominance oI the

minerals of kaolinite group, the mo$t

common being kaolinite, fire-clay kaol!
nite, and halloysite. Upper horizons of
these profiles, however, show the appear-

ance of iro,n and aluminium minerals like
goethite, limonite, gibbsite, boehmite, etc.

Montrnorillonitc and othel smectite gtoup

'l'able 3 : Clay and related mineral ascemblag€s of the soih of Indrayani River Ba*n.
Maharashtra, India

Fl,orizon Westernpa.rt
(Malav;rli profile)

Eastern part
(Sud.umbare profile)

'o, GI, BO, I-I, KA,
FC, HA, MO, VR.

MO, VR, KA, HA, FC.
FC.

A KA, FC. LI. GI,
HA, MO, VR.

MO, VR, HA, KA, FC.
FC.

B HA, KA, MO. GL
VR, LI.

MO, VR, HA KA,SI, CA.
SI, CA.

Aluminiurn tlEnemh

GI : Cibbsite
BO : Boehmite

Clay lWnemlr

KA
HA
FC
MO
VR

Kaolinite,
Halloysite
'Fire Clay' kaolinitc
Montmorillonito
Vemniculie

hon Minerals

LI : Lirnonite or Soil-goethite

Nor-clay llfinemh

Sl : Silica (ihert and flint)
CA : Calcite
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The Iateritic profil'es in the western part
of *re basirL have shown the presence of
iron and aluminium minerals including
goethite, hematite, limonite, gibbsite,
lnyerite, boehmit'e, diaspore along with
traces of kaolinite and halloysite in therr
upper horizons; while lower lithomargic
h,orizone are dorninated by the minerals
of rihe kaolinite group (Patil, et al.
r eer ).

DISIUSSION

On the basis of , d,ata on clay mineral
essemblage and chemislry of soils pre-
sented earlier, trends of chemical weath-
oring of basalt as well as genesis and
evolutipn of soil can be visualised. It is
observed from the 'clay mineral assembl-
age rlrat the soils in +he western part of
Indrayani river basin are dominated by
the presence of minerals of kaolinite
g"oup; while those in the eastern part of
the basin show the dominance of the
minerals of srnectite group.

A review of literature on chernical
weathering processies and clay minerals
(Hay and Jones, 1972; Colman, 1982a,
b: Cawuey and Mellon, 1983) has re-
vr:-a]ed that the formati,on of clay
minerals has been a function of climate
and topography. The climate has two
major controls on chemical alteration of
parent material, namely, the temperature-
con'rols the rate of transformation and
the rainfall - controlg availabiliy of mois-
ture along with rale of flow of water.
Both the external and incernal drainage
conditions are controlled by ropography.
Under free drainage conditions def:ned
both by rugged topoeraphy and high
rainhtl, the rale of transformation would
bc acceleratod. As a reoult only the moet

TR,ANSACTIONS OF TTIE INSTMUTE Or. INDIAN GEOGRAPITERS

immobile constitueilts like AI and Fe
would remain in the weathered products
which worrld show characteristic as-
sernblage of clay minerall.

rExperimental studies carried out by dif-
ferent workers (Pedro, 196l; Pickering,
1962; Wollast, 1967 ; Berner, 1971 ;

White and Sarcia, (1978) have shown
that the rate of chemical reaction is a
clirect function of pH of solution wh;ch,
in turn, is controlled by the rate of flow
rrf water. Ir\ an experirnent involving
chemical weathering of albite under
variotrs flow rate condilions of water,
Berner (1971, p. 173) has shown that
at higher rate of flow of waler albite al-
tered to gibbsite; ar little lower flow rate
eonditions kaolinite was formed, and
u'hen rihe flow r'ate conditions approachetl
rtagnation, formation of montmorillonite
took place. This suggesrs that the forma-
tion of various clay rninerals is controlleC
by the rate of flow of water lhat in turn"
Cefines pH of the solution.

In a nafural environmert the trend of
chemical weathering can be pre&cted on
the basis of the clay mineral assernblage.
In this regard, a general sequerrce of
minerali alteralion during the progress:ve
chemical weathering of rock, as suggested
bv Carrol and Hathaway (1963) is given
below :

progressive weathering

FM--+M-+H-+K-+G
V/hsre,

FM : Fresh Minerat

M : Monrmorillonita

H : Halloysitc'

K : Kaolinite

G : Gibbsitc
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from the weatlrerd product by excessivo

groundwarLer circulation. Highly uastable

ferrous iron is converted into ferric atate

and, retained in the weathered product.

Siiic.a being required for the formadon of
clay minerals and whicFr exiets in fax
greater amotrnts in parent rock than
lvhat is required for the formalion of clay
rninerals, is comrnonly depXeted. Ott thu
other hand, alurniniurn is essential for the
formation of clay m,inerals, it is retaiured

in the allered product (Birkeland, l9B4).
Silica obtained $nom the breakdown of
[rasaltic mirierals, if retained at site for
longer time, recombines with aluminium
hyoroxides in soltrtion to from clay
rr.!nerals.

The trends of chenrical weathering of
basalt can also be visualised from the
comparison of chemical oomposition of
weathered product with that of fresh un-
altered basal,t. Triangular plots (Fir. 4)
.rf Bases (CaO * McO + Na,O 4 K,O),
R,o. (F",O, * A!,o" a TiO,) and
SiO, fior the soil profiles of +he Indrayani
rlver basin in&cate that the trend of
'weathering is towatds the coneenlration
of oxides of iron, aluminiurn and titaniunr
and d,ep edon of bases and silica. How.
ever, for tle lower horizons of a few soil
p,rofiles of the eastern part of the basin

the trend is towards rhe concentration of
SiO, and ICaCOr. This has been due to

;roor drainage and low rainfall condition:,
prevailirur in +his part of the basin. Sim:lar
t:ends of chemical weathering have also

l,een obtained from tlr,e study of the con-
centration rertos (Figs. 2 and 3).

An optimum two dimensional portrayal
of chemical weathering can be obtained
t'y plotting Weathering Potential Index
(\fPI) against Produet Index (Pl).
Reiche (1943, 1950) has proposed these

two indices which ir:reorporate the maior

This implies that the ptesence of mons'

rnorillonite in a weathered product is in-

dicative of a,n early stage of ctremical

weatrtrering; while an advanced or air

ultimate stage is indicat'ed by the pr-

sence of kaolinite arrd/ot gibbsite' How'

ever, full sequence of alteration apDears

rnost comrnonly during the wealhering of

ferromagnesian rninerals' The plagioclases

:n some ca.ses may alter direcdy to hal'

loysi'e (Bates, 1962') or to gibbsite

tSwinedale, 1966).

The environ"rnent of formation of clay

minerals can be predicted from the study

cf the abrasion pH of the constituent

rninerals of basalt. According to Stevens

and Carron (1948), the abrasion PH of

fresh rock ranges from 9.0 to l 0'0'

while that of completely altered roch

(clay) is commonly be*ween 5.0 and 6'0'
The weatlr,ering of silicate nlinerals corn-

rnences due to action of meteoritic wa+ers

which usually have inirial pH in the range

af 5.5 to 6.5. The initial PH may be

fur'her lowered to 3.5 by incorporation
of CO, (Norton, 1973). At PH 5.5 to
6.5, the basaltic minerals breakdourn an'l

hig,hlv soluble cons+ituentg like Ca, Mg,

I'Ja and K are taken into solut'ion. As a

regult, the waters in the near surfaoe en-

vironment become alkaline which favours

rhe mobilisation of sillica as compared to

iron and aluminium (Eswaran anil
Coninck, l97l). The acidic conditions

'with pH 3.5 favour the mobili$ of alu-

rniniurn and iron (Patersen, I 971 )

'arhich usually have relatively low solubili-

ty over a wid,e range of pH. Under ac"itl'c

ena'rronmen! in the presence of organic'

matter and irnpeded groundwater circu-

lotion, iron and aluminium taken into
solution, are retained at sine in the fornt

of hydroxides. Ca, Me, Na and K, being

major exchangabte cations are removed
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Yre. 4 : Triangular plots of SiOr RrO, and Base fc fle so:ls of Indrayani river basin

el.ements involved in chemical wea+hering.
'l he plrots WPI against PI, neither show
changes in an ind.ividual element nor do
they account for conapensative changes in
the element or tleir groups (Cohnan.
!982a). However, from these plots the
a.mount of chemical weathering can be
visualised. In unaltered rocks, these in-
dices have higher values. With progres-
sive weathering \VPI decreases rapidly

due to loss of bases, while the PI de-
creases more slowly as silica is lost. The
pl,:ts W'PI agarnst PI for the soil profiles
of Indrayani river basin (Fis. 5) indicate
!hat the chemical weathering has reached
the kaolinite and halloysite fields and in
some cases, it has crossed these fielCs
srrgges*ing sti.ll more advanced or u,ltimate
stage, especially for the soils of the
western part of the basin.
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Frc. 5 : Pl,ots of WPE versus PI for the so,ils of Indrayani river basin (after
Reiche, 1943).
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The developme,nt of laterite in the
western part of Indrayani river basin has
been attributed to selective accumulation
of elements. The upper lateritic duricmst
rich in iron has been forrned by an abso-
lute acoumulation of iron; while the lower
iithomargic horizon (saprolite) has been

developed due to relative accumulation
of aluminium (McFarlane, l9B3). Iron
in weathering profile may produce com-
plex moleculeg with cornbined ferrous and
ferric hydroxides in solution or in collatial
suepension. On weathering particle size
of the parent material becornes more
finer. This promotes capillary action that
brings molecules of ferrous and ferric
hydroxides upward towards the more
aerated oxidising crrvironment of near
surface during dry season. On oxidation.
ferrous and ferric hydroxides in solution,
are precipitated as ferric hydroxide in
lhe top layer. The ferric hydroxicie on de-
lrydration gets hardened to form fer-
icre'.e. This p,rocess is repeated for
several tirnes and ultimately results in
the concenhation rof iron in the top
horizon and depletion of it from the

TRANSAGTIONS OT THE IAISTTTUTE O}. INDIAN GEOGRAPHER$

lower horizon of the profile. Thus, fer"
ricrebes are forrned by absolute ac-
cumulhtion of iron, while alumina gets

aocumulated in the lower horizon by re-
lative errrichment resulting in lithomarges.

From the foregoing discussion it is evi-
d,ent *rat tfie level topographic and low
rainfall conditions of the eastern part of
t[,e Indrayani river basin promoted the
forrnation of margalitirc ,or black cotton
soils; while the rugged topogpaphy and
high rainfall conditions favouring free
'Jrainage conditions developed laterit.c
to semilateritic so,ils in its western part.
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