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Denrivatives of ultramafic rocks as decorative
and dimensional stone in Rajasthan

M. S. Shekhawat

The Precambrian formations of southern Rajasthan host the unique and the largest deposits of
‘green marble’ in India located mainly around Rikhabdev, Kherwara, and Dungarpur areas. Field
study coupled with mineralogic and petrologic studies indicate that the deep green and massive
bodies of serpentinite are mainly composed of antigorite with subordinate amounts of carbonates
and iron oxides. These serpentinite bodies occur as large sheet-like masses, emplaced concordantly
within the Proterozoic formations of Aravalli Supergroup. These deposits are being utilized by fully
mechanized, open-cast, block-bench mining methods for their extensive use as decorative and
dimensional stone. About 70% of the recovered ‘green marble’ is being exported to various coun-
tries either in the form of well dressed blocks or in the form of finished products as slabs or tiles of
suitable sizes. The highly fractured deep green serpentinites are also being exploited by small-scale,
manual, open-cast mining methods to manufacture immensely popular flooring mosaic chips for
civil engineering works. A very small quantity of steatitized serpentinite (steatite and chlorite schist)
is also being used to manufacture different types of carved items and idols.

ULTRAMAFIC (UM) rocks, specially serpentinites have
attracted the attention of geoscientists as well as common
men not only because of their geologic significance but
also because of their economic significance. Geologically,

they reveal valuable information about the composition of
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the underlying mantle while, economically, they host a
number of metallic as well as industrial mineral deposits.
In southern Rajasthan, unfortunately, these rocks are
totally devoid of metallic deposits but they host large dep-
osits of talc! and world's largest deposits of amphibole
ashestos®?. Moreaver, since the last decade, one of their
metamorphosed  dertvatives,  the massive and  green
serpentinite has acquired a significant recognitton as a
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decorative and dimensional stone (DDS) all over the
world and is utilized as ‘green marble’, popularly known
as “‘Kesariaji green marble’. Geologically, 1t 1s serpentinite
but has acquired a name in the marble industry due to its
easy blockability, ability to take excellent polish and low
hardness. Some of the other derivatives like highly frac-
tured green serpentinites; the massive, non-foliated and
compact talc schist (steatite) and chlorite schist have also
found a place 1n the field of architecture.

Geological setting and metamorphism

In southern Rajasthan, the UM rocks occurring within the
metasediments (phyllite, quartz—mica schist and quartzite)
of Aravalli Supergroup (2500 to 2000 m.y.)" are exposed
mainly as lenticular bodies or sheet-like masses of varying
dimensions and exhibit concordant relationship with
them*™’ (Figure 1). UM rocks of this area are considered
t0 be emplaced within the Aravalli rocks at the end stages
of sedimentation but prior to their deformation® and are
represented as ophiolite”™"' (obducted oceanic crust).
They are also considered as derivatives of lherzolite sub-
type'? (orogenic ‘root-zone’ peridotite). In this region,
they constitute three well-detined belts, namely Rikhabdev
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Figure 1. Geological map of the study area showing the location of
‘green marble’ deposits (modified after ref. 4),
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UM belt, Jharol-East UM belt and Jharol-West UM belt'%,
The onginal UM rocks have undergone a varying degree
of metamorphism in different areas'”. They are now repre-
sented by varied lithologies, viz. antigorite schist, antigo-
rite—talc—chlorite schist, serpentine—carbonate rock, talc~
chlorite—antigorite schist and talc—antigorite~tremolite~
actinolite schist in the former two belts and anthophyllite—
talc schist'? in the latter one. On the basis of mineral assem-
blages present in these rocks, the following successive
stages of metamorphism have been deduced. (i) Formation
of antigorite schist (serpentinization); (ii) Formation of
talc and talc—chlorite schist (steatitization); (ii1) Forma-
tion of tremolite—actinolite schist (tremolitization);
(iv) Formation of anthophyllite schist (anthophylliti-
zaﬁcm'z).

The present study reveals that in the Rikhabdev and
Jharol-East belts, UM bodtes have undergone changes up
to the third stage of alteration. But in the central part
where these rocks occur as comparatively large bodies,
they have suffered changes only up to the stage of serpen-
tinization. The UM bodies of the Jharol-West belt are
highly altered and have undergone all the four stages of
alteration followed by retrograde metamorphism'”.

UM rocks as DDS

Serpentinites as ‘green marble’

The UM bodies which have undergone metamorphic
changes only up to the stage of serpentinization and occur
as deep green, massive serpentinite are suitable for use as
DDS. They occur at a number of localities (Figure 1), but
the richest and best quality of deposits occur at Odwas
and Masaron-ki-Obri near Rikhabdev, hence they can be
defined as type areas of ‘green marble’. Mining activity in
the state started about a decade and half back but a sig-
nificant increase in production in the form of well-dressed

Figure 2. Field photograph showing diamond wire-sawed blocks at a
‘ereen marble’ mine.
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blocks (Figure 2) has been achieved since 1990 with the
introduction of diamond wire-saws. In addition to its
domestic consumption, a major proportion is being ex-
ported for use as dimensional stone. The ‘green marble’ is
also extensively used for manufacturing a large variety of
decorative items and idols (Figure 3) which take an att-
ractive black colour on being smeared with oil. Inciden-
tally, the famous black idols of °‘Shri Eklingji’ and
‘Rikhabdev’ are also made of this rock.

Varieties and industrial characteristics of
‘green marble’

On the basis of texture and colour, four varieties of ‘green
marble’ have been identified. These are: (i) plain deep
green (without a white network structure), (ii) deep green
with white network structure, (iii) parrot green (also
known as apple green) and (iv) greyish-green with a white
network structure. The characteristic features that make
the UM rocks globally popular as DDS are: (i) their occu-
rrence as massive and compact bodies which can easily be
quarried and cut into blocks, (ii) their favourable hardness
(about 4 on Mohs’ scale of hardness), (iii) their ability to
take excellent mirror-polish, and (iv) their attractive col-
our and beautiful designs (green with white network
structure and plain deep green colour).

Mineralogic and petrographic characters

Petrographic study reveals that these rocks mainly consist

Iigure 3. Photograph of a statue of Lord Buddha carved from
serpentinife.
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of variable amounts of antigorite, relict olivine, iron
oxides, carbonates, chrysotile and chlorite. Antigorite, a
variety of serpentiney is the chief constituent of these
rocks and is formed by alteration of olivine as evidenced
by the development of antigorite along the boundaries of
relict olivine and also within the irregular fractures of po-
lygonal olivine grains. The relicts of olivine are also pres-
ent in variable amounts within the groundmass of
antigorite and the size of its grains vary from microscopic
to macroscopic (1 to 5 cm). Unaltered grains of olivine
are not present but altered pseudomorphic grains are
commonly observed. Other important constituents of the
‘green marble’ are carbonates (dolomite and magnesite)
found in recrystallized form along the fractures developed
within these tocks by shearing effects. The carbonates act
as a cementing medium and impart an attractive network
structure. At a few places, white to smoky coloured CIys-
tals of calcite have also been noticed along the former
fractures. The iron oxides (magnetite and ilmenite) are
present in considerable amounts mostly as andedral to
euhedral grains. Chrysotile frequently occurs in the
form of cross-fibered, irregularly oriented, thin and long

ribbon-shaped veins which vary in width from 1 to
10 mm.

Guide for locating ‘green marble’ deposits

In greater parts of the area, the serpentinites are highly
altered, intensively fractured and majority of outcrops are
also capped by thin soil cover and hence are a hindrance
in localizing the underlying deposits of commercial im-
portance. By held study, spheroidal dark green boulders
lying partially or fully detached with the underlying out-
crops of serpentinites (Figure 4) have been deduced for
localizing the potential deposits of ‘green marble’ in the

Figure 4. Field photograph showing a well developed, fully mecha-
nized *green marble’ quarry with dinmond wire-sawed vertical fuces
and spheroidal boulders (a significant guide for mussive serpentinite) at
the top of the hill.
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area. These boulders ranging 1n diameter from 1 to 10 m
renerally rest en the topmost part of the hill/outcrop. They
exhibit massive form (non-fracturing nature) and have the
same mineralogical composition as that of the underlying

outcrops of serpentimite.

Steatite and chlorite schist as decorative stone

Steatitized UM rocks occurring in the area host potential
deposits of steatite (a compact rock rich in talc, also
known as ‘soapstone’ as it is soapy to touch). These
deposits are being extensively quarried for various indus-
trial uses. However, a small quantity of massive and non-
foliated steatite recovered in the form of large-sized lumps
find its use in the manufacturing of various types ot deco-
rative items and statues due to ease of sculpting. Simi-
larly, the massive, non-foliated and fine grained variety of
chlorite schist, occurring in association with serpentinites,
has also been used for making various types of carved
items and 1dols.

Conclusions

Deep green, massive serpentinites occurring in southern
Rajasthan are composed mainly of antigorite with sub-
ordinate amount of carbonate minerals. Their massive
nature, appealing deep green colour, white network
structure of carbonates, desirable hardness and ability to
take excellent polish make them suitable for use as DDS
green marble all over the world. Occurrence of dark green
spheroidal boulders at the topmost part of the hill/outcrop
is the key guide for locating its deposits 1n this area. On
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the other hand, the highly fractured deep green serpenti-
nite has established itself in the domestic market as floor-
ing mosaic chips. Steatite and massive, fine grained,
chiorite schist are used for carving decorative items.
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