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Inland placer deposits have been discovered recently over an extensive ares
in the older alluvium capping the peneplaned surfaces of Archaean shield in
Ranchi and Purulia districte. The biggest deposit is near Katahaldih.
Microscopic and statistical studies of detrital zircons from the locality show
that 43 per cent show zoning, 8 per cent show overgrowths, outgrowths,
aggregates and 2 per cent show rare types of twinning,

The elongation ratio (1/b) of 52 per cent of the grains is 1 to 2, of 47 per cent
of the grains is 2 to 4 and of 1 per cent of the grains is 4. The elongation
frequency maximum is 2:0. These zircons are stubby compared to zircons
derived from igneous granites, whose elongation frequency maximum is
about 2-5.

A wide variety of overgrowths, outgrowths, aggregates and twins observed
are described in detail.

The high proportion of stubby and metasomatically transformed zircons
indicates that the porphyritic granites of Ranchi.-Purulia ares, from which
these zircons are derived, are either autochthonous or parautochthonous
but not igneous in origin. ’

InTRODUCTION

The inland placers of Ranchi-Purulia plateau cover some six hundred
square kilometers and contain rich concentrations of heavy minerals. The
heavy mineral content of these placer deposits varies from 2 to 10 per cent
and some rich sands contain monazite (1 to 0-45 per cent), ilmenite (1-10 to
0-46 per cent), zircon (0-40 to 0-04 per cent), rutile (0-20 to 0-89 per cent),
-sillimanite (1-00 to 0-06 per cent) and magnetite (0-27 to 0-09 per cent). A
sample was obtained from such a placer deposit near the village Katahaldih
(Lat. 23° 26" 45" ; long. 86° 13’ 00”), Purulia district, West Bengal. Zircons
have been separated from this sample and microscopic studies have revealed
that these zircons contain & high proportion of zoned crystals, outgrowths,
overgrowths, aggregates, interpenetration twins and a limited variety of
other twins.

GEOLOGY OF THE ABEA

The bed rock in this region forms part of the Chota-Nagpur gneisses, -
Though in recent maps (G.8.I. 1962) it was shown as forming part of the
Chota-Nagpur gneisses, in the older maps a porphyritic granite was marked
separately in this area extending for many miles westwards from the town of
Purulia into Ranchi district (Ball 1881).
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Large placer deposits of heavy minerals have been located in this belt.
Porphyritic granites and the associated quartzo-felspathic bands are the
primary source of these deposits. The heavy minerals derived by the dis-
integration of parent rocks have accumulated in the alluvium in the immediate
vicinity of the sources rocks. 'This alluvium is laid down in the now extinct
shallow sluggish streams which have apparently carried away the light minerals
(Shirke and Chatterji 1958).

MeTHOD OF STUDY

From the heavy mineral concentrate, zircon has been isolated by employ-
ing electrostatic separator, isodynamic separator and finally by heavy media
separation. Zircon concentrate of 99 per cent purity thus obtained has been
systematically sampled and microscopic studies have been made on 400
grains of zircon.

DESCRIPTION OF ZIRCONS
{1) Colour

The zircons are mostly colourless though a few of them are brownish and

greyish.

(ii) Habit

The zircons contain a mixture of angular (4 per cent), semi-rounded
(30 per cent) and rounded (66 per cent) grains. In the angular crystals,
prismatic faces are normally predominaling but in a few crystals pyramid or
pinacoidal faces are predominating over the prismatic faces (Fig. 1).

.‘ .

Fre. 1. Zircon with pinacoidal faces well
developed (; 230).
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Statistical studies of these zircons show that they vary in length from
0-075 mm to 0-400 mm, their mean length being 0-163 mm. Their breadth
varies from 0-050 mm to 0-163 mm, their mean breadth being 0-080 mm.
Their elongation ratio (1/b) is varying from 1 to 4-2, 52 per cent of them
being slightly elongated (1/b, 1-2), 42 per cent being moderately elongated
(1/b, 2-4) and 1 per cent highly elongated (1/b, >4). These zircons have
an elongation frequency maximum at 2-0 (Fig. 2).
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F1a. 2. Elongation frequency curve of Ranchi-Purulia zircons.

(iii) Inclusions

The following inclusions have been noted in the zircons (a) spherical and
ovoid cavities, some of them gas-filled and others partially filled with liquid,
(b) magnetite, (¢) ilmenite, (d) some reddish-brown isotropic opaques, (¢} mona-
zite, (f) euhedral zircons and in some cases small-zoned zircons, (g) rutile,
(k) tourmaline and (¢) some dusty inclusions. Though preferred orientation
is not found normally, in a few cases the inclusions are oriented parallel to
the elongation of zircon and sometimes they are arranged zonally.

(iv) Microfractures

Longitudinal and diagonal cracks are observed in some of these zircons.
In a few cases the cracks are radiating from the centre of the crystal with
dusty inclusions. In such zircons the central portions seem to be metamict
and isotropic whereas the outer zoned shells are anisotropic. The cracks are
also radiating from monazite and some other opaque mineral centres.
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(v) Zoning

Zoning is one of the most conspicuous features of these zircons. Zoning
is observed in 43 per cent of these zircons which is a high proportion compared
to other assemblages of zircons found in India (Rao and Rao 1968).
It is observed that more bands of fine zoning are seen when the vertical
crystallographic axis is placed parallel to the vibration direction of the
lower nicol, showing that, though the N, is the same for all the zones, Ny
is slightly varying. From this it appears that there was variation in the
composition of the mother liquor, as the zircon crystals grew, resulting in
abrupt changes in the composition of the crystallizing zircon such that the
Ny is the same in all zones but Ny showing & distinct range of values.
Normally, all the zones of zircon are oriented in the same direction but a
rare zircon has been found in which the successive zones are slightly differing in
their orientation giving rise to a small core which is not extinct at any position.

(vi) Outgrowths and Quvergrowths

A relatively high proportion of the zircons (nearly 8 per cent) is showing
growth phenomena such as outgrowths, overgrowths, aggregates and fused
crystals. Outgrowths are to be found mostly on prismatic or pyramidal planes
of semi-rounded crystals and in some cases on perfectly rounded crystals.
The outgrowths are mostly pyramidal, but some rounded outgrowths are

F1a. 3. Round outgrowth on euhedral crystal (x 230).
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also observed (Fig. 3). Almost all the outgrowths have the same orientation
as the host mineral. A large number of overgrowths are also present in which
the cores are mostly rounded grains. Aggregates of zircons are also found
in this assemblage. Normally they are attached parallelly on 110 planes in
two’s and three’s (Figs. 4, 5) but aggregation on 111 plane is also observed.

Fra, 4. Parallel aggregate of two zircons Fia. 5. Parallel aggregate of three zircons
on prismatic faces ( 230), on prismatic faces (> 230).

Fic, 6. Dumb-beli-shaped fused crystal Fia. 7. A fused aggregate of zircon
of zircon (< 230). (% 110).
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In addition to these types of growth phenomena, dumb-bell-shaped crystals
(Fig. 6) and various types of fused aggregates of zircons with the same
orientation are also observed (Fig. 7).

(vii) Twinning

A relatively moderate proportion of zircons, nearly 2 per cent of them,
are showing a variety of twins. A rare case of interpenetration twin of zircon
has been observed (Fig. 8), with the components of the twin getting extinet
at the same position. In addition to the common geniculate twin with the
composition plane (101), twins with (301) and (001) as composition planes
are observed (Fig. 9). Twins with composition planes (001) and (301) are
found to be comparatively more frequent than the geniculate twins.

Discussion

The sizes and elongations of a sample of self-nucleated, free-growing
crystals depend upon their physico-chemical environment. Shortly after its
emplacement, and before the crystallization of the main constituent minerals,
physico-chemical conditions may be expected to be nearly uniform through-
out a magmatic pluton. Because of the short range of crystallization of
zircon, the environmental uniformity in all parts of the pluton during em-
placement is likely to be reflected in the uniformity of sizes and elongation of
zircons. Thus, the study of these parameters provide ‘tracers’ to the earliest
magmatic conditions (Larsen and Poldervaart 1957). By virtue of their
crystallization from a magma, elongation frequency curves of zircons from
intrusive granites show a maximum at an elongation ratio greater than 2-0
(around 2-5). Zircons from sediments on the other hand are frequently
rounded and elongation curves show the maximum at an elongation ratio
less than 2-0 (around 1-5). Static granites, formed ¢n situ by ultrameta-
morphism of such sediments, show an intermediate elongation frequency
maximum and also show evidence of recrystallization of the rounded crystals
to the well-formed magmatic zircons (Poldervaart 1950). In the formation
of autochthonous granites, zircons exhibit growth phenomena such as out-
growths, aggregate crystals and overgrowths. A high proportion of zircons
with such growth phenomenon is considered as a convincing laboratory evi-
dence of Reads’ granite series (Poldervaart and Ekelmann 1955).

The XKatahaldih zircons show all the evidence of metasomatic trans-
formation and recrystallization, zoning is observed in 43 per cent of zircons.
Outgrowths, overgrowths, aggregates and fused crystals of various shapes
have been observed in 8 per cent of zircons. Rare types of twins are observed
in 2 per cent of these zircons. Normally in igneous granites a majority of
zircons will be moderately elongated (1/b, 2-4), but in these zircons 52 per
cent are slightly elongated (1/b, 1-2) and only 47 per cent are moderately
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Fre. 8. Interpenetration twin of zircon (3 500).

Fie. 0. Twinned zircon with pinacoidal composition
plane (x 230).
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elongated. Their elongation frequency maximum is at 2-0. Such high
porportion of metasomatically transformed zircons and their stubby habit is
a convincing evidence to show that the porphyritic granites of Ranchi-Purulia
area are granites formed in situ by the ultrametamorphism of earlier formed
sediments.

CoNCLUSIONS

From the high proportion of metasomatically transformed zircons and
their stubby habit compared to zircons derived from normal igneous granites,
it has been concluded from laboratory evidences that the porphyritic granites
of Ranchi-Purulia area are probably static granites but not igneous in origin.
They may be either autochthonous or parautochthonous granites.
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