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AssrRAqr

, The_blanket-type bauxite deposit of tle Nagar-
daswadi Plateau has been studied witl refereice
.? jf sgotgacal setting, mineralogy and genesis.
rreld relatrons indicate the following successive
stages developed during in-situ weathering: basalt
(parent rock) + altered basalt + clay -' aluminous
laterites + bauxite. Gibbsite is the major mineral
in. the bauxite, with boehmite, leucoiene, ooclia-
chite' and maghemite. The clay mineral has been
identified as halloysite, whereas-kaolinite is absent.
Bauxite in this deposit has been produced directly
from basalt via halloysite.

INrnooucTtoN

* Bauxite deposits that form a capping over
Deccan trap on the Nagardaswahi Flatea,,
(Fig. 1) ([,ong. 74" 4 to 74o 7t; Lat. !6"

tz- /6 A4 g8o

Frc.. 1. Map of India showing location of Nagar-
daswadi Plateau and Deccan trap formationi.

q b_,19' 4') and other surrounding regions in
the Kolhapur District are becominf inc.-reasing-
ly important as a source of aluminium ore. They
are being mined by manual and mechanisal
methods and tranqrorted to the Indian Alumi_
nium Company's (INDAL) 40,000 ton smeher
plant at Belgaum, Mysore State. The plateau.
which dominates the region ar 3290 feet;is hilly
and covered with vegetation; rainfall is about
8q" - 10O' per annum. The deposits are econo_
mic, with Alzos ranging from sOVo to 55Vo and
SiOg less than 3%. The bauxite capping aver-
ages about 4 m in thickness, and contaiis esti-
mated reserves of 2.85 m long (dry) tons of
aluminium ore @irectorate of Geblogy and
Mining, Government of Maharashtra, tbes).

OcounneNce oF BAuJilTEs

. A detailed knowledge of the regional morpho-
logy rs rmportant because it can reveal whether
the variations in altitude are attributable to
original lithologically-controlled variations,
earth m.ovements, or differential post-incision
cutting (McFarlane 1971).

The bauxite occurs as thick, uniform capping
on_ Deccan basalts (3290,) on the plateau. 

-The

uniform thickness of the capping well-defined
scaqps, and marginal nudges give a distinctive
feature to the topography. ThJplateau is about
1 mile in length, 1500 feer in width. and is
aligned in a NNE-SSW direction, along the
drain-age pattern of the region. This ffe of
bauxitic/lateritic capping, generally 

'tirmea
'pats', is described as .highJevel literite, by
Oldham (1893) and Fox (1923). The classifica-
tion according to altitude or level is now known
to be untenablg althoueh McFarlane (I97ll
maintains that the laterite on the mesas rnav be
described as high-level laterite by virtue oi its
topographical position. However, the bauxitic
capping positions at Tungar plateau near Bom-
bay (Balasubramanian t912) and Nagardaswadi
Plateau in Kolhapur District, both in Maharash_
tra State, suggest a lithological control.
_.The profile section of t[e region, given in
Figure 2, shows that parent-roct- Uusati occurs
as horizontal flows up to 329O feet in elevation.
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Above this, basalts are altered oyer a thickness
of 8 to L0 feet, and a clay layer about 25 feet
thick overlies the altered basalt. Blanketing the
clay layer is brownish, aluminous laterite. De-
posits of good bauxite ore varying in thickness
from 3 to 35 feet, occur within this aluminous
laterite; the bauxites are mottled brownish,
whitish or grayish, compact, and lack oolitic
and pisolitic structures. At places this alumin-
ous laterite is hard and massive and yields good
ore although the alumina content is not high
enough to name it bauxite. Experience has
shown that a rock termed as aluminous laterite
in the field may be found to be bauxite upon
chemisal analysisn or may be rich enough in
Al:Oa to use as a blending material with high-
grade ore.

The profile (Fig. 2) shows that basalt is al-
tered to bauxite via a clay layer. The usual fer-
ruginoul layer associated with lateritization is
absent, but there are gradual demarcation zones.
From the parent rock alumina is gradually en-
riched, through a lower zone of leaching to an
upper zone of concretion, where bauxite is
formed. Similar variations due to 'in-situ'

weathering are recorded in other profiles in
Deccan trap areas (Sahasrabudhe t964; Bala-
subramanian 1970).

ExpenilvreNter, Wom

Repreientative samples were collected over
all the profile by pit sampling, escarpment sam-
pling, stack sampling, grab sampling and also
by other methods. Physical properties, pH, pe-
trography, thermal characteristics and minor-
element contents of these bauxites have been
studied with reference to elevation in the pro-
file. The mineralogy given in Table 1 is based
upon the revised classification of Valeton
(r972).

Grinding t'ests were made on a number of
representative samples, following the method
outlined in the Wealth of India Series (1948).
The tests indicate that the bauxite is hard, and
contains little clay. Porosity and specific gravity
va.trues were obtained by the methods outlined
by Zalesskii (1967). Porosity ranges from 5 to
5.5Vo. The specific gravity of dense brownish-
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Frc. 2. Profile section of Nagardaswadi Plateau.

white bauxite is about 2.6, whereas other vari-
eties range from 2.2 to 2.6. A higber specific
gravity indicates that ore is higher in AlOa and
lower in silica, so S.G. is a valuable guide for
estimating the ore gtade. Porosity provides a
criterion for estimating the degree of weather-
ing, as it tends to decrease with higher AlzOo.
This suggests that oolites have been replaced by
gibbsite @alasubramanian L970).

pH values determined for the various sam-
ples in the profile range from 6.5 to 8.

Megascopically, basalt (parent rock) is dark
in colour, medium- to coarse-grained, hard and
compact. Microsections show the presence of
non-pleochroic, brownish augite with (l - a):
0,026, +2V = 48o, and long laths of plagio-
clase feldspar (Anuo-ur). Interstices contain sub-
ordinate triangular patches of palagonite and
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TABLE I. I'IINEMLOGY OF THE BAUXITE PROFILE OF MGARDAS{ADI PLATEAU. MAMMSHTM STATE
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99ladgnite glase. The high percentage of glass
(LSVo) and. the characteristii interseital teiture
of the rock are probably important factors in
effecting bauxitization (I-ibbey a al. Lg46).
Clots of iron oxides throughoui the matrix ap-
pear in polished sections to be ilmenite (reflecti-
Ylty 1,9%).

Microsections of the altered basalt show
clearly_ the changes that are due to weathering
and alGration. Ferromagnesian minerals and
feldspars are altered greatly at the initial stage
whereas the glasses are not, which shows that
there is little de-silicification at this stage. Rims

of iron oxide outline the boundaries of original
pyroxene grains. Feldspars are altered to gibb-
site, not kaolinite, suggesting that direct altera-
tion has oscurred (Allen 1948; Gordon & Tra-
cey 1,952; Balasubramanian 1,972).

Thin sections of bauxites show the following
features. Migration of material in the colloidal
state may have occurred in these bauxites.
Present at certain places are rhythmic, roughly
parallel layers of colloidal iron oxide which
might have resulted from a cyclic lowering of
pII. Stringers of gibbsite are often associated
with cavities, suggesting that the mobilized alu-
mina might have moved through them, de-
posited, and later developed into fine crystals
of gibbsite, some of which show lamellar twin-
ning. In some sections the gibbsite core is sur-
rounded by a femrginous mantle. Such pisoli-
tlc masses, which are translucent to nearly
opaque or deep brown, may be termed cliachite
(Loughnan t969). k is very difficult to recog-
nize any altered titanium mineral, hence it is
proposed to retain the name leucoxene as sug-
gested by Allen (1952). Small grains of magne-
tite, hematite, and associated maghemite are
disseminated in some pisolites.

DTA curves of the aluminous laterites and
bauxites indicate clearly that the gibbsite is the
principal mineral, boehmite is always present
with it, and kaolinite is absent (Fig. 3). The clay
mineral present was identified by DTA as
halloysite (Fig. 3). Infra-red specna also show
that kaolinite is absen! and clay yields peaks
(Fig. 4) which compare well with those of hal-
loysite (Lyon 1964).

Trace+lement analysis show that all elements
except Mn have migrated in the bauxite from
t're parent rock (Iable 2). T\e concentrations
of the elements, typically hydrolyzates (GoId-
schmidt 1954) arc low. The rnigration of trace
elements also suggests that ,in-situ' weathering
has occurred.

TABTE 2. RELATIVE VARIATION !N TMCE ELE4EI{IS tN THE BAUXITE PROFILE

GeNBsrs

Weathering of silicates it 6ainly a process of
hydrolysis. The alteration of potash feldspars is
usually shown by the equation:
4KAlSigOr + 22HrO = 4K+ + 4OH-+AlnSi4O,u
(OI0', (1)
which yields kaolinite. However, Valeton (1972,
pointed out that feldspars can also be altered di-
rectly to gibbsite:
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Fnc. 3. DTA curves of bauxites and clays of Na-
gardaswadi Plateau.
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2}J+ + 6SiOzAlzOsIGO*l4HeO - 6SiO4IL+
2K++AlrOr'3HrO A)

The above equation indicates that hydrolysis
does not take place directly, but may arise ftom
a series of reactions. The Nagardaswadi weather-
ing profile suggests that bauxitization took place
in three stages.

The petrographic variations are shown in
Figure 5. The first stage is mainly the breaking
down of primary silicates, principally augite and
feldqpars. Calcic feldspar of composition Anoo-oi
is considered to be more stable in the initial
stago than An6s-1s6 (Louehnan 1969). In the sec-
ond stage, glasses have undergone complete de-
silicification, and in the third stage, leaching of
iron and silica has finally resulted in the forma-
tion of bauxite. At this stage pH might have
been around 7.5, f.or at this pH alumina alone
can precipitate, whereas silica and iron will be
leached from the system (Mason 196O). As
pointed out earlier, migration of alumina may
have taken place in the form of colloids, and
gibbsite might have crystallized from them
later.

According to Bates (1962) "where leaching
is moderate, plagioclase feldspar alters to hal-
loysite whereas the volcanic glass yields allo-
phane, an amorphous hydrated aluminium sili-
cate, together with alumina and silica gels.
Gibbsite is produced bY

1) removal of silica from halloysite,
2) dehydration of Al gel,

and 3) precipitation from solution.

Although it is possible that the mineral may
form directly from feldspar, halloysite is the
common crystalline intermediate on both mega-
scopic and microscopic scales. An amorphous
transition state probably mnglng in composition
from allophane to Al-gel exists as rhe part of
the changi from halloysite to gibbsite, as evi-
denced by electron microscope and diffraction
work on'pseudomorphs after halloysite tubes
found in certain sam'ples studied in more de'
tail than others".

Balasubramanian (1972) has drawn the

TABLE 3. {EATHERING SEQUENCE OF BASALT OII THE NAGARDAsMDI PLA'TEAU*
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Frc. 5. Petrographic variations of the profile.
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weathering sequence from the mineralogy of
the bauxites of the Tungar hill, Bombay, based
upon tho viows of Bates (1962). From the
mineralogy it was concluded that the kaolinite
stage was not necessary for the formation of
bauxite and also in the present study ot tne
Nagardaswadi Plateau kaolinite was not found
during any stage of formation, even flough a
clay layer was obseryed between parent rock
and laterite. The weathering sequence of the
parent rock is grven in Table 3.- 

The studies made so far on the profiles of
laterite that cap the Deccan trap on the Na-
gardaswadi Plateau, and also on the Tungar
Flateau, have shown that a kaolinite stage is
not necessary for the genesis of laterite or baux-
ite. Work is in progress to extend such studies
to other laterite profiles in the Deccan trap
region.
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