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Provenance studies of Chirala coastal glass sand deposit, east coast of India
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Mineralogy and chemical and optical properties of Chirala coastal glass sand deposit have been
studied. Common hornblends and epidotes are predominant among nonopaque minerals. Euhedral
zircons are common. Hornblende and epidote abundance and their chemical and optical properties
suggest that Nellore schist belt as the chief source for these sands. Shape and length-breadth ratios
of zircons further support the schist belt provenance. Low presence of garnets, sillimanites, rounded
zircons and zrcon high-elongation frequencies indicate minor contribution from khondalites and
charnockites. Major confinement of Gundlakamma river to Dharwarian schistose rocks and Archae-
an granitic gneisses suggest that the Nellore schist belt might have been actively eroded and contri-
buted the sediment to a large extent to this coastal sand belt. :

Glass sand deposit of Chirala coast (long. 80°15’
to 80°33'45” and lat. 15°42" to 15°57°30") is a
part of the coastal plain and 3-6 km away from
the present shoreline. This sand belt has an aerial
extent of about 145 km?2 The geological for-
mations exposed around the sand belt are, Ar-
chaean granitic gneisses, Dharwarian schists and
gneisses, khondalites, charnockites, Cuddapah
quartzites and shales.

The Cuddapah quartzites lying about 100 km
west of the Chirala coast appears to be the possi-
ble provenance'. Beach sands are perhaps derived
from the Archaean crystallines which occur about
20 km and beyond, west of the sand belt?. In the
present investigation mineralogy, chemical com-
position and optical properties of Chirala coastal
glass sand deposit have been studied and an at-
tempt has been made to discuss the provenance
of Chirala sands.

Materials and Methods /

Glass sands are of coarse, medium and fine
varieties®. Coastal sand samples (24) from three
types (coarse, medium and fine grade sands) and
17 rock samples, exposed around sand belt were
subjected to heavy mineral analysis**. Heavy min-
erals were identified and electron-probe microan-
alysis (ARL-Model) was done for dominant im-
portant heavy minerals. Detailed morphological
characters of zircons were carried out. From each

sample, length and breadth for 200 zircons were
measured and plotted in frequency diagram.

Results and Discussion

Heavy minerals, identified in the glass sands are
opaques, amphiboles, epidotes, zircons, garnets,
tourmaline, rutile and rarely sillimanite. There is
no significant variation in heavy mineral content
(Table 1) except zircon, garnet and sillimanite,
whose percentages are relatively low in fine sand
grade. A brief description of identified heavy min-
erals is presented below.

Opaques— Magnetite and ilmenite are predomi-
nant. Opaques are present up to 74%. The grains
are subrounded and subspherical.

Table 1 — Heavy mineral composition (%) of Chirala

sands

Sandtype Opa Hb Epi Zr Ga Tou Ru Sil
Coarse

{av.8) 73.1815.04 832 155 0.70 0.45 031 045
Medium

{av.8) 73.2514.80 840 143 0.71 0.60 039 041
Fine

(av.8) 73.8815.54 8.16 0.90 0.39 041 0.39 0.25

Opa=Opaques; Hb=Hornblende; Epi=Epidote; Zr="Zir-
con; Ga=Garnet; Tou=Tourmaline; Ru=Rutile; and
Sil = Sillimanite
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Hornblende—1t is abundant among non-opaque
minerals (15.54%). Crystals are prismatic in
shape. Chemical analysis and optical properties of
hornblende are given in Tables 2 and 3 respect-
ively. Si and Al are abundant. Ca, Fe and Mg en-
richment is obvious in the hornblendes. Mn, Ti

Table 2 — Chemical analysis of hornblendes and ep-
idotes (percent values average of coarse, medium and

and F are present as minor constituents. K is not
recorded. Optic axial angle varies from 72°-80°
and the a:z is 14° to 22°. Strong pleochroism is
observed and it is in variable greens, i.e. yellowish
green, bluish green and light yellow. The data are
comparable with these of schistose belt horn-
blends®.

Epidote— Epidotes are next in abundance to
hornblendes in the coastal glass sands (8.4%). The
grains are subrounded to subspherical in shape.

fine sands) _ Chemical and optical axial angle varies from 82°-
. Hornblendes Epidotes 84° and a:z is 10°-20°. It is pleochroic in shades
'%'02 43.038 36.993 of green and yellow and biaxial negative. Al en-
i0, 0.964 0.077 richment is distinct. Ti, Mn and Mg are in low
ALO, 15.449 23.749 o X
*FeO 16.012 12.733 quantities. Alkalies and F are not recorded. The
MnO 0.357 0.128 data are comparable to those of granitic rocks of
MgO 9.522 0.659 Nellore schist belt®.
r?% 1(2);37 23.950 Zircons— Zircons in coastal sands and rocks ex-
Kazo - ? _ posed in the investigated area are of different
F 0.129 _ types-euhedral (90-95%) rounded and terminated,
“*H,0 1.504 1.711 rounded and without overgrowths (Table 4). The
100.001 100.00 grains are colourless to greenish yellow and rarely
pink. The data of length-breadth ratios are pre-
No. of ions on the No. of ions on the sented in Table 5 and shown in Fig. 1. About
basis of 24 (O,H,F)  basisof 13(0O,0H) 889, of the Zircons are confined to 1.5 to 2.5
illw 615-2?13(9);3 3.0210 range. Comparative data of zircon types, length-
A 1.0803 2.2859
Ti 0.0178 0.0390 Table 4 — Comparative account of zircon types (%)
Fe?r 19850 0.8696 Rock/sediment t Zircon types
Mn 0.0445 0.0088 (No ofsmples)y"e pe
Me 2.1043 0.0799 Euhedral Rounded Rounded Without
Ca 1.7150 2.0959 .
Na 0.6396 — terminated overgrowths
K - _ Chirala sands (24) 94 2-4 1-3 -
OH 0.7439 0.4657 Khondalites (3) - - 100 -
F 0.0605 - Acid charnockites (2) 71 29 — —
Pyroxene granulites (2) 44 31 23 2
*Expressed as total iron Lept)_'nites (2) 4 29 2 65
** Assumed content Granites (3) 95 2-4 2-4 -
Table 3 — Optical properties of hornblendes and epidotes
Hornblendes Epidotes
Coarse Medium Fine Coarse Medium Fine
2Va 75°-80° 74°-78° 72°-80° 82° 80° 84°
a:z 20°-22° 14°-17° 15°-20° 10°-12°
a 1.668 1.673 1.664 1.721 1.722 1.723
B 1.688 1.690 1.686 1.737 1.744 1.746
Y 1.695 1.698 1.691 1.753 1.761 1.766
Y-a 0.027 0.025 0.027 0.032 0.039 0.430
Pleochroism
a Light yellow Pale yellow Light yellow Colourless Pale yellow Pale yellow
B Yellowish green Pale yellowish Yellowish green Pale greenish Pale greenish Pale yellow
green yellow yellow
Y Bluish green Pale bluish green Bluish green Pale yeliowish Pale yellowish Pale yellowish
green green green
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Table 5 — Length-breadth ratios of zircons

Rock/sediment type Length-breadth ratios
{No. of samples)

10 125 15 20 25 3.0 35 40
Chirala sands (24) - — 19 45 24 8 3 1
Khondalites (3) - 69 21 10 — — — -—
Acid charnockites(2) — — 19 66 9 4 2 —
Pyroxene granulites (2)23 — 54 16 S 1 1 -
Amphibolites (2) 25 — 48 16 8 3 — -—
Mica schist (2) - 77 15 8 — — - -
Granites (3) — — 20 45 22 8 4 1

breadth ratios and their elongation frequency
curves (Fig. 1) obviously support ‘that the coastal
glass sand data are comparable to granite zircons.

Other minerals— Garnet, tourmaline, rutile and
sillimanite are observed in low percentages
(Table 1).

Provenance— Abundance of hornblendes and
epidotes and their chemical and optical properties
suggest Nellore schist beltS as the provenance for
the glass sands. Tourmaline which is not recorded
in granulite grade rocks, and the scarce occurr-
ence of sillimanite indicate the low contribution of
material from the granulite grade rocks.

Euhedral zircons are common in granites from
Nellore schist belt5 and acid-charnockites from
the granulite grade rocks. The euhedral zircons
from acid charnockites have higher elongation
frequencies compared to granites from Nellore
schist belt. Rounded zircons are more prominent
in the khondalites. The low percentage of
rounded zircons (characteristic of khondalites)
and zoned pink euhedral zircons (characteristic of
acid charnockites) in the glass sands, support li-
mited contribution from the granulite grade rocks.
An overall comparison of elongation frequencies
of zircons (Fig. 1) further supports the Nellore
schist belt as the chief source.

The Gundlakamma, a medium sized river joins
the Bay of Bengal about 14 km SW of the sand
belt and appears most likely to have transported
the sediment®. The drainage pattern of Gundla-
kamma river is mainly confined to the Dharwar-

80+ :
—a— Acid charnockite
— Mica schist
60 —~~ Khondalites
> ~-—= Pyroxene granulites
S —«— Amphibolites
] —a-- Granites
g‘o‘ «m— Chirala sands
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Fig. 1-—Comparative diagram of elongation frequencies for
zircon

ian schistose rocks and Archaean granitic
gneisses’. This indicates that the Nellore schist
belt is worn down by an active erosion and has
contributed to a great extent to the glass sand
belt.
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