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Abstract: [lmenite, hematite, garnet, monazite, zircon, rutile. magnetite, sillimanite, pyroxene and amphibole from the beach
sands of Ekakula, Gahiramatha coast, Orissa, India are reported here for the first time. Their total concentration varies from

26 4 to 100%

lmenite, monazite and zircon are between 100 and 300 um in size and are well rounded in shape Ilmenite-

hematite intergrowth is common. Himenite has 50 02-54 73% Ti0,, 42.42-46.90% FeO (total Fe) and small amounts of Al,
Mn, Mg, Ca, Ba, Si, V, C1, and Zn. The bulk samples contain 10 63-41.42 % TiO,, 6.15-26 07 % FeO, 5 86-16 75 % Fe,03,
7 41-61 74 % 8i0,, 1.39-12.83% Al,0s;, 0.32-4.97% CaO, 0 53-4 24% P,0s5, 0 17-3 27% MgO, 0.15-2.97% Na,0,
0 07-2.34% K50, and 0 05-0.71% V05 together with appreciable amounts of La, Ce, Pr, Nd, Sm, Eu, Y, U, Th, Zz, and trace
amounts of Pb, Zn, Cu, Ni, Co, and Cr. Khondalite, charnockite, calc-silicate granulite, leptynite, migmatite, gneiss, basic
granulite and pegmatite of the Eastern Ghats appear to be the major source for the above heavy mineral assemblages The
samples are amenable to gravity and magnetic methods of beneficiation

1. Introduction

Titanium minerals are exploited and processed mainly
for the production of pure titanium oxide for use in paint
indusiry as pigment which is the largest application of
titanium. It is gaining impoitance as it is found replacing
steel, and alloys of copper and aluminum in many engi-
neering applications. The increase in the use of titanium
is attributed to its outstanding erosion and corrosion resis-
tance, high specific strength, and good fracture tough-
ness. It has a wide range of alloying behaviour, and this
makes it possible to afloy titanium with aluminium, vana-
dium, palladium, molybdenum, tin, zircomium, silicon,
and chromium for obtaining much higher strength as well
as for building superior resistance to chemical attack Tita-
nium is the nineth most common element in the earth’s
crust and occwrs mainly in the form of oxides of which
ilmenite (FeTi03) and rutile (T105) are very common
India has an estimated reserve of 188 4 million tonnes of
ilmenite and 9 8 million tonnes of rutile (Dwivedy, 1995)
against the world reserve of 430 million tonnes of ilmenite
and 170 million tonnes of rutile (Indian Bureau of Mines,

1997) In India, ilmenite and rutile form constituents of

beach sand deposits found right from Ratnagiri coast in
the west to Orissa coast in the east (Ramamohana Rao et
al, 1983; Ali et al., 1989; Sengupta et al., 1990; Suku-
maran and Nambiar, 1994} But the minerals are concen-
trated in three well defined zones: (a) A stretch of 22 km
between Neendakara and Kayamkulam, Quilon district,
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Kerala contains 65-85% heavy minerals {b) A strech of
6 km from mouth of Valliyar river to Colachal in Man-
avalakwoiichi, Kanyakumaii district, Tamilnadu, where
the heavy minerals in the beach sands vary from 50 to
70% (c) In Chhatrapur coast streching a length of 18 km in
Ganjam district, Orissa, contains heavy minerals varying
between 18 and 23% (Indian Bureau of Mines, 1997)

Heavy mineral assemblages comprising of ilmenite,
hematite, sillinanite, garnet, rutile, monazite, zircon,
amphibole, clino- and ortho-pyroxene, epidote, and zoisite
are also associated with the sediments {silty clay, sand-
silt-clay, and clayey silt) in the inner shelf off Orissa
coast. Concentiation of these heavy minerals show pref-
erence to medium sand in compatison to fine or coarse
sand (Sengupta et al., 1992)

The occuirence of heavy minerals in beach sands of
Ekakula, Gahiramatha coast, Orissa, India is reported
here for the first time A 35 km beach runs northeast to
southwest separated from the mainland by mangroove
creeks This beach is well known in the world due to
mass nesting of Olive Ridley turtles The present inves-
tigation is restricted from Habalikhati to Ekakula in
north eastern direction and the surrounding small islands
(Fig 1), e g Babubali (Small wheeler), Nadiachadha
(Coconut wheeler), and Tentuliachadha (Outer wheel- -
er) The Ekakulanasi (tip) got separated from the main-
land in a cyclene in May 1989

2. Mode of Occurrence and Mineralogy

The heavy minerals are concentrated in Ekakula beach
stretching for about 8 km in length. The sfope of the beach
is not uniform and varies from gentle to very steep The
breadth of the beach varies between 52 and 200 m In
some places, the heavy minerals are highly concentrated
(more or less heavies only), the thickness of which varies
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Fig 1 a: Location map of the area arcund Gahiramatha coast b: Geological map of part of Orissa (modified after Mabalik,

1995) showing the catchment area of rivers Brahmani and Baitarani
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Fig 2 X- ray diffraction patterns of beach sand samples, Gahiramatha coast.
I= ilmenite, M= monazite, 7= zircon, Q= quartz, O= orthoclase, Mc= microcline, A= almandine, E= epidote
Location : 1= Ekakula tip river side, 2= Babubali, 3= Ekakula No. 64, 4= Ekakula No 53, 5= Ekakula No. 38,

from 5 to 30 cm The heavy minerals are also found either
as discrete grains o1 as alternate stratified layers up to 3-5
m depth both in the beach and 500 m away from beach
towards inland For the sake of convenience, the sampling
points are numbered in increasing order from Habalikhati
(No 1) at an mterval of 100 m towards Ekakula (Ekakula
tip is numbered 77) The samples are collected from the
beach up to the mid-tide water fevel, mixed thoroughly
and then the representative samples were taken for miner-
alogical and geochemical studies. The samples were sepa-
rated into light and heavy fractions using bromoform.

On microscopic as well as XRD examination, the sam-
ples revealed that they are constituted of ilmenite with
minot amounts of monazite, zircon, garnet, magnetite,
hematite, rutile, sillimanite, epidote, anthophyllite, horn-
blende, and pyroxene together with quartz, orthoclase,
and microcline (Figs. 2 and 3). The heavy minerals are
finer in size than the quartz-feldspar grains comprising the
lighter minerals. More or less similar occurrences of
heavy mineral assemblages have been reported from the
east coast beaches of Tamilradu, Andhra Pradesh
{Ramamohana Rao et al., 1983; Nagamalleswara Rao,
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Fig 3 Photomicrographs of heavy sand minerals

a: Grains of ilmenite (black), monazite (subrounded, dark grey), zircon (euhedral with zoning) and garnet (subangular elongated
at top centre)

b: Highly irregular exsolved hematite (white) within Hmenite (grey) is seen at the central grain The associated grains are
ilmenite and hematite

¢: Imenite grains mounted in epoxy resin. Laths of ilmenite (grey) in hematite (white) shows banded intergrowth pattern

d: Exsolved intergrowth of ilmenite (grey) in a host of hematite (white) The ilmenite laths contain fine streaks of hematite
Silicate grain is dark grey

¢: Iimenite grains showing various shades of grey due to reflection pleochroism The central grain exhibits enechelon flames
of intergrown ilmenite within hematite host Note the thickness variation in ilmenite lamellae which may represent two
generations

f: Anatase patches along margins and within ilmenite (grey) due to alteration
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4B Weight% 238 730 7934 1098

Table 1 Size analyses and heavy mineral distribution in
beach sands of Gahiramatha coast.

Heavy Mineral Placer Deposits of Ekalula Beach Gahiramatha Coast India 129

Table 2 Size and shape distribution of different miner-
als obtained by Image Analysis System.

o §?mplc Fraction  >3500 500-246 246-124 124-63 Total
e Nos. pm  pm Lo Hm

388 Weight% 038 193 8567 1202 10000

- Heavy % 007 117 8293 1165 9582
100 00
Heavy % 018 399 7858 1088 9363

- 46B Weight % 032 11.19 7570 12779 100.00

Heavy % 010 566 7449 1236 9261

50B Weight% 072 581 7802 1545 10000
Heavy % 009 255 7546 1528 9338

'52B Weight % 024 306 8724 946 10000
Heavy % 004 169 8543 946  96.62

538 Weight% 000 040 6939 30.01 10000
Heavy % 000 036 6959 3001 9596

348  Weight% 000 000 4930 5070 10000
Heavy % 000 Q00 4895 5019 9914

58B Weight % 1952 4971 2425 6.52  100.00
Heavy % 018 189 1807 623 2637

60B Weight % 046 541 8347 1066 10000
Heavy % 004 298 8241 1052 9595

6ZB  Weight% 442 2687 4898 1973 10000
Heavy % (38 278 4055 1935 63.06

64B Weight % 0.00 040 5358 4602 10000
Heavy% 000 040 5358 4602 10000

G6B Weight % 057 816 6732 2395 10000
Heavy % 000 467 6373 2356 9196

68B Weight % 000 833 5083 40.84 100.00
Heavy % 000 402 4222 3993 8617

70B  Weight% 027 226 8640 1107 10000
Heavy % 005 135 8435 109 9671

75B Weight% 021 450 8572 956 10000
Heavy % 007 244 8507 944 97.02

1994), and Chhatrapur, Orissa (Rao, 1989; Sengupta et al ,
1990, 1992; Bhattacharya and Sengupta, 1994)

{lmenite mostly occurs as subrounded to rounded
grains. Sometimes it contains exsolved laths, streaks and
irregular bodies of hematite (Fig. 3b). Hematite also con-
tains exsolved bodies of ilmenite which may be laths, fine
streaks or highly izregular patches (Figs. 3c—3e). The
ilmenite (or hematite) lamellae thickness in hematite (ot
ilmenite) matrix show conspicuous bimodal distribution
(Fig 3e) llmenite-hematite intergrowth aiso gives rise to
emulsion texture Subrounded grains of rutile in trace
quantities are also observed, Leucoxene and anatase
occurs as patches along margin, fracture and within
ilmenite due to alteration (Fig. 3f). In some rare occasions,
ilmenite completely alters to anatase. Monazite grains are
generally subrounded to rounded while the zircon grains
are elliptical to subhedral. Often zircon occurs as well
developed crystal with zoning. Garnet is angular to suban-
gular and has conchoidal to subconchoidal fracture

Grain size analyses of the samples along with their
heavy mineral distribution in different size fractions
(>500 pm; 500-246 pm; 246-124 um; and 124-63 um)
are reported in Table 1. The samples are generally below

Ilmenite Monazite Zircon Other

%o % % Silicates %

Mean feret size (um)

0- 50 0.00 0.00 000 000

50-100 000 126 000 0.00
100-150 1588 3291 1579 772
150-200 46 83 40 51 5526 2794
200-250 26.07 1899 2105 2721
250-300 8.52 570 526 1801
300-350 211 063 263 11.46
350400 0.44 0.00 G 00 368
400-450 007 000 0.00 1.84
450-500 000 000 000 147
500-550 007 0.00 000 036
550-600 000 000 0.00 0.00
600-650 0.00 0.00 000 036
Mean size I94um  173pm  183pm 238um
Maximum size 520um  330um  320pm 611pm
Minimum size 104pm 94pm  126um 113um
Shape (Form Factor)
0405 007 000 000 036
0.5-06 015 0.00 263 074
06-07 0063 0.00 1053 404
07-08 648 127 3158 11.40
08-009 33.79 17.72 39 47 4007
0.9-10 58 56 8101 15.79 43.38
Mean F F 091 093 081 0388
Maximum F.F 100 1.00 099 . 100
Minimum F F 041 0.77 0.57 0.42

1 mm and do not contain silt and clay. In most cases, the
bulk of the sediments are in the size range of 246-124 pm
It has been observed that the sediments are slightly finer
gtained towards north eastern end of Ekakula But the
sediments become again slightly coarser at the extreme
end of Ekakula, where the geomorphology changes very
frequently due to either the beach formation or the
beach erosion. Total heavy minerals in the samples vary
from 26 37 to 100 % In most cases, the heavies ate
around 90% and are concentrated below 246 pm size
The grain size and shape of ilmenite, monazite, zircon
and silicate gangue minerals are determined with the help
of Image Analysis System (Leitz ASM 68k) attached to
an optical microscope, and mean feret diameter and
foim factor*! are reported in Table 2

*1 Here "feret" refers to size of the mineral grains measured
by Image Analysis System. The projections are calculated
in angular steps of 7.5 degrees. Since a projection calcuiat-
ed every 7.5 degree, this fs equivalent to 24 individual pro-
jections (7 5°%24=180°). The mean of the 24 individunal
projections is the mean feret diameter of the grains The
form factor refers to shape It is a measure of how well a
grain approximates a circle (in two dimensions). It has a
definition range from 0 for a straight line to 1 for a circle,
with corresponding intermediate values



130 B C Acuarva, P K Panicrany, B B Navarx and R K SaHoo RESOURCE GEOLOGY .

’ vary in the mean feret size

199 ] ILMERITE a 1007 ILMENTE ® from 94 to 330 um with an
%0 average of 173 pm 98.11%

. 707 ~ 7O of monazite grains show
g 50 g 50 mean feret size in the 1ange
2 > of 100 to 300 pm (Fig. 4c).
307 307 The form factor of these

10 - 101 monazite grains vaiies be-

0 I 3 &5 1 5 I 0 . "3 5 7 9 10 tween 0.77 and | with an
MEAN-FERET (X500 dm) F-FACTOR (X011} average value of 0.95. 98.74

and 81.01 % of these grains

|00 AMONAZITE c 100 MONAZITE d are in the shape factor ranges

901 90 of 08tol and 09 to 1,

704 701 respectively (Table 2; Fig
g 5 4d). Hence, they are very
e 507 s 501 well rounded. The zircon
& 25 & 3o grains vary in mean feret size

o from 126 to 320 pm with an

'((j) i — oL+ average value of 183 um and

! 3 5 7 g 10 ! 3 5 T 9 0 their shape factor varies from
MEAN-FERET (X 50 {m) F-FACTOR (X0-1) 057 to 0.99 with a mean
e f value of 0.81 (Table 2; Fig

1004ZIRCON 100- ZIRCON e, 1).

S0 0 The silicate gangue miner-
£ 707 = 701 als {quartz, feldspars, garnet,
S so- S 504 pyroxene, amphibole, epidote
& g and sillimanite) on the other

307 307 hand are slightly coarser

10+ 10 varying in size between 113

073 5 2 LA 0 % 5 7 | 9 10 and 611 pm with an average
MEAN-FERET (X500 lUm) F-FACTOR (Xo1i) value of 238 um Their form
. factor varies from 042 to 1,
100 SILICATES d too SILICATES h but most of the grains (83.45
S0 o0 %) have values between 0.8
| 70- and 1 indicating rounded
B 7o = nature. The distribution of
g 80 g 507 mean feret size and form fac-

% 5o & o tor are given in Figure 4g, h
104 The modal analyses of
'%‘_'_LT_ et P ilmenite, monazite, zircon

} 3 5 7 8 113 3

MEAN — FERET (X 50 Um)

> 7 ?xéol) and other silicate gangue

F-FACTOR !
minerals (calculated from the

Fig 4 Size and shape distribution of different minerals. a-b: ilmenite, c-d: monazite, e-f: image analyses data) ale

zircon, g-h: silicate gangues.

The ilmenite grains vary from 104 to 520 pm and show
average mean feret diameter of 194 pm. Most of the
ilmenite grains (97 3%) are found in between 100 and
300 pm (Fig. 4a) The shape (form factor) of the imenite
grains are between 0.41 and 1 The majority of the
ilmenite grains (92.35%) having form factor in the range
of 08 to 1 (Table 2; Fig 4b) together with the mean form
factor value of 0.91 indicate their well rounded nature.
Monazite grains are slightly finer than ilmenite grains and

70.42%, 5.73%, 2 52% and
21 33% respectively.

3. Mineral Chemistry of Ilmenite and Hematite

Ilmenite grains as well as the ilmenite and hematite
mineral phases from the ilmenite-hematite intergrowths
were examined by electron microprobe using a JEOL,
EPMA super probe IXA-8600 model, with a current of
2xi0-8 A, and mineral standards (Structure Probe Inc.,
Canada), to establish the presence of various major, minor
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Table 3 Electron microprobe analyses of ilmenite and hematite (wt %).

S —_ [Imenite - Hematite ———
12 3 4 5 6 7 & 9 16 11 12 13 14 15 16 17
FeO* 4281 4543 4516 4546 4491 4477 4632 4690 4492 4465 4242 4514 4308
Fea0s** 88 13 8797 8103 8462
TiO, 5473 5002 5099 5297 5261 5225 5077 5045 5239 5262 5330 5392 5167 1022 1050 1629 1314
$i0, - - - 0.04 . - - - - - 013 - 060 - 003 021 047
AlLO; 023 163 153 - - 002 001 . - - 009 159 180 015 020 065 017
MgO 055 011 011 102 056 128 063 080 097 08 012 019 168 004 Tr 039 043
MnO 020 12t 099 051 045 029 027 019 029 042 178 028 010 022 022 003 -
Ca0 - 001 001 - - 001 Ir - 002 - 001 Ir - 001 003 - 002
Cr03 019 029 003 009 004 - 005 - 007 026 002 001 - 019 - 038 018
0. 00 - 014 - 024 002 019 - - 005 010 014 - 011 - - -
Vo0; 028 026 027 029 029 028 027 027 028 028 028 027 027 005 003 002 007
BaOD 035 026 022 026 0290 045 027 020 037 026 031 037 040 002 007 018 €02
Total 9936 9922 9945 10064 99.39 9937 9878 9881 9931 9942 9856 10191 10050 99 14 9905 99.18 99 12
On the basis of 6(Q) —---- -—-—3 ¢— Omn the basis of 3(0) —
Fe 1787 1931 1908 1896 1900 1892 1988 2014 1900 1883 1798 1845 1.810 1719 1715 1541 1626
Ti 2.054 1912 1938 1987 2002 1985 1959 1948 1993 1.997 2032 1982 1912 0199 0205 0310 0252
Si 0000 0000 0.000 0002 0000 0000 0600 0000 0.000 0000 0.006 0000 0029 0.000 0001 0.005 0012
Al 0014 0098 0091 0000 0.000 0001 0.001 0.000 0000 0000 0006 0091 0104 0005 0006 0.020 0005
Mg 0041 0009 0008 0076 0042 0097 0048 0061 0073 0066 0009 0014 0123 G002 Tr 0015 0016
Mn 0008 0052 0042 0021 0019 0012 0012 0008 0.013 0018 0076 0011 0004 0005 Q.001 0.001 HOOD
Ca 0000 0001 0001 G000 0000 0001  Ir Q000 0.001 0000 Tr Ir 0000 TIr 0001 0.000 0001
Cr 0007 0012 G001 0004 (002 0000 0002 0000 0003 0010 0001 Tr 0000 0004 0000 0008 0004
Zn 0.001 0000 0005 0.000 0009 0.001 0007 0.000 0000 0002 0007 0.005 0.000 0002 0000 0000 0.000
\Y 0011 0.010 0011 0011 0012 0.011 0011 0011 0011 0.012 0.011 0011 001l 000L 0001  Tr 0002
Ba 0007 0005 0.004 0005 0.006 0009 0005 0004 0.007 0005 0.006 0007 0008 TIr 0001 0003 Ti
Total 3930 4030 4009 4002 3992 4009 4033 4.046 4001 3993 3952 3966 4001 1937 1931 1.903 1.918

* Total iron a)sMFeO; ** Total iron as Fe,0O3; Ti = tr‘acg; - = not detected; Ilmenite (253):“ Hematite (14.15) and Ilmenite (13) -

Hematite (16,17) form intergrowth pairs

and trace elements in them The analyses of ilmenite and
hematite together with their structural formulae are
reported in Table 3 Ilmenite analyses from Gahira-
matha coast indicate 42 4246 90% FeO (total iron) and
50 (2-54.73% TiO,. Besides, they contain up to 1.80%
AlLOs, 0.10-1.78% MnO, 0.11 -1 68% MgO, up to
0.60% Si0;, 0 200 45% Ba0, 0.26— 0.29% V503, up to
0 29% Cr,03, and 0.24% ZnO, and trace amounts of
Ca0 Mg and Mn in ilmenite may be due to substitu-
tion for Fet2

The intergrown hematite laths and bands in ilmenite
contain 81.03-88 13% Fe,05 It is interesting to find that
these hematite laths and bands contain high amounts of
titanium (10 22-16 29% Ti0,) which may be due to the
presence of microcrystallites of ilmenite and/or solid
solution of Fey(3 and FeTi05 Small amounts of Al,O;
{0.15-0.65 %), 510, (trace to 0 47%), MgQ (trace to
0.43%), BaO (0.02-0 18%), and V,05; (0.02-0.07%)
are present in the analyses. Cr, Mn and Ca are also pre-
sent in some of the hematite analyses Among ilmenite
and hematite in the ilmenite-hematite intergrowths,
AlGs3, MgO, MnO, V505, and BaO are relatively more

in the ilmenite phase than those in the hematite.
4. Chemistry of Beach Sand Samples

Thirteen bulk beach sand samples along with ten heavy
fractions separated by using bromoform {more or less
similar to the natoral, mechanically concentrated heavy
mineral sands}) were analysed for Ti0,, Fe,04, FeO, Si0,,
A1203, MnO, CaO, MgO, V205, KQO, NazO, and LOI by
conventional wet chemical methods. Trace elements like
Pb, Zn, Cu, Co, and Cr were analysed by Varian Tectron
AA-1475 ABD Atomic Absorption Spectrophotometer
A few samples were also analysed for REE and radioac-
tive elements by NAA (Neutron Activation Analysis)
The major, minor, ttace, REE, and radioactive elements
in the samples are reported in Table 4. The bulk samples
are dominantly constituted of TiQ,, FeQ, Fe,04, Si0;,
and Al,O5 but with highly variable concentrations
They contain 10.63-4142% Ti0,, 6 15-26.07% FeO,
5 86-16.75% Fes0n, 741-61 74% Si0,, 1.39-12 83%
AlyOs, 0 32-4.97% Ca0, 0.53-4.24% P,05, 0.17-
3.27% MgO, 0.15-2.97% Na,0, 0.07-2.34% K,0, and
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Table 4 Chemical analyses of beach sand samples of Gahiramatha coast.

Sample TiQ) Fe;Op FeQ  8§i0, ALO; MnO CaQ MgO V0 KO0 NaO ILOI Pb Zn Cu Ni Co Cr
Nos. % % % % o % % % %o o % % ppm ppm ppm ppm ppm ppm
388 2465 1416 1806 2736 543 017 032 197 022 046 059 08 228 130 37 10 44 71
42B 3172 1101 1693 2886 496 009 036 129 024 032 047 024 1536 503 1i4 217 173 306
A2H 3372 1248 2409 1899 367 007 041 159 027 029 041 037 1627 568 113 119 93 696
46H 3164 1253 1858 2691 282 008 035 103 036 044 058 056 1460 294 77 149 124 447
50B 2856 1261 1913 2155 721 011 102 239 011 043 039 069 1338 274 67 102 92 338
S0H 3293 1304 2296 1771 283 012 108 249 019 032 037 063 1431 281 69 95 88 374
S2H 2929 1393 3112 1611 241 006 062 077 018 014 019 062 674 180 81 47 106 115
53B 3164 1675 2239 741 183 007 043 327 071 007 015 076 757 198 57 102 131 96
54B 2338 1167 2607 1328 402 012 143 182 063 014 022 033 878 265 191 78 230 55
58B 1402 785 903 5221 711 004 106 102 013 234 297 067 1864 119 38 183 366 145
58H 3113 1331 2245 1657 579 011 174 293 028 076 081 0622094 305 76 69 347 423
G0H 3419 1439 2106 1493 811 005 173 049 032 013 016 057 1306 242 24 93 161 207
62B 2929 1265 1978 2235 314 006 309 322 021 032 037 062 920 253 119 110 158 250
62H 3071 1299 2137 1760 413 008 316 370 057 0613 019 032 1344 269 192 44 231 287
64B 4142 1216 2323 1203 139 007 036 019 049 014 017 022 1300 610 90 222 606 100
66B 3434 1329 1737 2643 292 006 026 017 028 025 021 029 568 190 27 63 109 319
66H 3706 1363 2490 1729 173 007 018 022 029 (15 008 024 900 263 94 42 146 555
70H 3593 1322 1553 1515 207 (06 446 283 079 021 017 069 737 297 190 42 176 74
75H 3328 1181 2764 1242 171 011 316 266 028 013 016 074 614 242 27 10 76 40
1088 1204 586 831 5707 621 004 339 208 005 172 203 029 781 121 80 84 123 90
112B 1063 796 1116 5446 506 005 452 112 005 1.63 195 022 642 154 88 29 151 10
118B 1103 719 615 6174 319 003 329 037 005 136 277 016 1729 213 310 194 247 10
200B 1461 849 1348 4007 1283 009 497 048 013 079 096 049 252 108 37 76 38 127

P205 L3203 CCOZ Prboll Nd203 Sm203 EU203 Y203 U30g ThOZ ZI'OQ

% % % %o % % ppm ppm ppm % %

38 072 038 071 008 029 005 8 231 8 025 271
46H 034 025 048 005 018 003 4 168 54 017 207
538 424 215 410 050 162 024 40 1110 390 138 002
S4B 379 195 362 045 147 025 39 1021 423 124 447
58H 038 018 033 004 013 002 10 220 40 011 200
64B 149 074 140 015 055 009 10 490 150 045 360
66B 053 019 03 004 014 002 3 150 46 012 212
70H 139 078 146 018 059 010 10 450 150 051 3.00
75H 106 054 100 012 039 007 8 284 98 036 261

B= Bufk; H= Bromoform hea;; fraction; 38-75= Ekakula, 108—112= Ekakulanasi, 118= Babubali, 200= Ekakula river side

0.05-0.71% V505 Trace amounts of Pb, Zn, Cu, Nij,
Co, and Cr are also recorded in these samples. By heavy
media separation increase in Ti0,, FeO, Fe,O4, Ca0,
MgQ, V,0;, Pb, Zn, Cr, and decrease in SiOy, AlyO4,
Na,O, K50 have been observed. FeO>Fe,05 is the char-
acteristic of both the bulk as well as heavy fractions. All
the samples contain appreciable amounts of La, Ce, Pr,
Nd, Sm, Eu, Y, U, Th, and Zr (Table 4).

Correlation coefficients of various elements in the
above samples are given in Table 5a which demonstrate
that Ti0, is positively correlated with FeO, Fe;04, VoOs,
Zn, and Cr and negatively correlated with Si0,, AlOs,
Na,0, K;0, and Ca0. Fe,05 has significant positive
relationship with FeQ, MnO, V505 and with Cr indicat-
ing their close association. Both FeO and Fe,O5 are pos-
itively correlated with MnO, V,0s, and Cr; and nega-
tively correlated with 5105, NayO, and K;0 Nay0,
K,0, and Aly(; have positive correlation, while V,Os,
MnOQ, and Zn have negative correlation, with 5i0;. Pos-
itive cotrelations exist between Pb and Co, Ni, Zn; and

between Ni and Co.

The corelation coefficients of the REE, radioactive
elements, and P,Os of nine samples are given in Table 5.
It is interesting to find that La;,04, CeOy, PrgO;q. Nd;O4,
Smy05, EuyO3, Y,03, U50g, ThO,, and P,0O5 have very
strong positive correlation among themselves indicating
the occurrence of REE-phosphates such as monazite
They all have negative correlation with 710,

5. R-mode Factor Analysis of Chemical Data

Major, minor and trace elements data of beach sand
samples of Gahiramatha coast were analysed using mul-
tivariate factor model of correlation matrix (factor
model of Davis, 1973). This has been done after stan-
dardisation which allowed retention of common factors
by minima or inflection points of eigen values (Sahu,
1982). The inflection point method yielded three com-
mon factors {Table 6a) which were varimax rotated to
get geochemical inferences,
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Table 5 Normalised correlation coefficients among chemical components in beach sand samples of Gahiramatha coast.

(a) n=23

I102 F6203 FeO S[Oz A1203 MnO Ca0D MgO V205 K20 NaZO LOI Pb Zn Cu Ni Co Cr
Cr 068 054 050 -043 -009 027 -056 009 040 -032 -041 (22 044 043 -01F 025 006 100
Co 007 009 -011 -004 -024 -039 001l -014 019 002 005 -03% 069 040 043 050 1.00
Ni 004 021 -027 016 010 -041 016 -0.25 -006 017 024 -032 066 036 030 100
Cu  -010 016 -015 008 -026 -020 020 0I8 004 002 008 -048 038 039 100
Zn 069 (43 048 -052 -045 020 -035 -001 049 -047 -046 -023 058 100
Pb 017 -002 -003 -004 -009 -0.27 -0.08 007 004 007 OI1 -021 100
1ot 027 047 035 -040 010 044 004 055 020 -018 -018 100
Na;O 086 -082 -083 (8 057 037 038 005 -078 09 100
K0 081 -082-083 091 058 -036 035 -002 -081 100
Vo0s 079 077 068 -085 -046 041 -033 015 100
MgO 001 014 034 -02F 010 037 038 1.00
Ca0 -033 -050 041 033 036 025 100
MnO 045 053 062 -052 001 100
AlG, -054 042 -042 052 100
SiQ, -0.87 088 -090 100
FeO 082 083 1.00
Fe,0; 087 1.00
TiO, 100
(b) n=9

PQOS 1_-3203 CCOZ Pl‘ﬁO]] Nd203 Sm203 Ell203 Y203 U30g Ih02 ZI‘Oz
Z10, -044 -042 043 -043 -04z -037 -050 -044 -039 -042 100
thO, 099 100 100 100 100 100 08 09 09 100
U304 099 100 100 0% 100 099 083 097 100
Y,0; 097 097 087 097 097 0% 094 100
Eu,C, 087 087 087 08 087 085 100
SmyO; 098 100 100 100 1.00 100
NdyO3 099 100 1060 100 [0C
Pig0y; 099 100 1.00 100
CeQ, 099 100 100
L3203 09% 100
P,0s 10D

The factor-1 explains 42 36% of the total variances
and is strongly loaded positively in Ti0j, FeO, Fey0s,
V4905, Cr, and Zn; and negatively in §10,, Al;O3, CaO,
Na,0, and K;0. This factor can be correlated with
ilmenite, hematite, garnet, quartz, orthoclase, micro-
cline which were transported, sorted and deposited on
the beach.

The factor-2 explains 19 77% of the total variances and
is loaded with trace metals like Pb, Zn, Cu, Ni, and Co.
The factor-3 explains only 3 62% of the total variances
and may be correlated with garnet, anthophyliite, and
hornblende

PZOS, La303, CBOQ, PI‘GO“, Nd’_‘}_03, Sm203, EUgOg,
Y,03, U304, ThO;, and Z10; in nine samples were
processed separately which yielded two factors explain-
ing 97 66% of the variances (Table 6b). The factor-1
explains 90.16% of the total variances and is strongly
loaded positively with P,0s, La,03, CeO,, Pig0yy,
NdzOg, Sm203, EUzOg, Y203, Ugog, and IhOQ and can
...be correlated with the mineral monazite Factor-2
explains 7.50% of the total variances, loaded positively

with Z1O, and is atiributed by zircon.
6. Monazite-Zircon Preconcentrates

Five samples (sample Nos. 38, 46, 54, 66, and 75} have
been separated into magnetic and non-magnetic frac-
tions with the help of hand magnet and iso-dynamic
separator (0.6 Amp current with a side tilt of 20° and
forward slope of 30°). Monazite, zircon, quartz, and
feldspar were predominantly contained together with
minor amounts of sillimanite, garnet, anthophyllite and
diopside in the non- magnetic fraction of the isodynam-
ic separator. This non-magnetic fraction was further
subjected to heavy media separation using bromoform to
remove quartz and feldspar The bromoform heavy frac-
tion thus constituted of dominantly monazite and zircon
(Fig. 5). These monazite-zircon preconcentrate samples
are enriched to a great extent in their rare earth and
radioactive elements They contain 1 66-9.02% La,0,,
3.11-16.80% CeO,, 0 37-2.08% P104;, 1.21- 6.83%
Nd,Os, 020-1 16 Smy0s, 0 003-0.018% Eu,0,, 121
—.473% Y503, 14.9-27 8% Zr0,, 1.02-5.74% ThO,,
0.039-0 196% Uz0Og, and 3.90-17 56% P,0O5 (Table 7).
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Table 6 Rotated factor matrix of beach sand samples of Gahiramatha coast.

(a) n=23 P (b) m=9
Factor-1 Factor-2 Factor-3 Communality Factor-i  Factor-2  Communality
Ti0, 0.96 0.09 008 0.93 C O PyOg 096 -0.24 099
Fe0 0w ol om  oss | L 001 om 100
c -1 ) ) :

$i0, 093 003 023 0.92 ggfil 8$ gm 1oo
ALO 061 014 033 050 . | 023 100

273 Nd,0 097 021 1.00
MnO 043 -0.35 0.49 0.59 : 23
Ca0 057 001 036 046 . Sm0s 098 016 099
MgO 001 0.05 0.91 083 . EwO; 08 037 084
V50s5 084 008 0.16 074 Y04 095 027 0.96
K,O -091 0.10 003 085 i UsOq 098 -019 100
NasO -0 93 0.14 007 089 ¢ ThO, 097 -022 0.99
LOIL 023 -0.40 072 072 Lo, 021 097 0.99
Pb 006 091 010 0 84 i Eigen values 992 083
Zn 062 062 003 077 ; % of trace 90.16 7 50
Cu 007 064 002 041 Cumulative % trace 9016 97 66
Ni 011 075 -0 19 062
Co 004 079 -0 206 066
Cr 036 03t 022 046
Eigen values 763 356 173
% of trace 42 36 1977 962

Cumulative % trace 42 36 6213 7175

fz m

®
z,5
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z

z 3, 2,5 2,5 an s
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"Fig 5 X-ray diffraction patterns of monazite- zircon preconcentrate samples of Ghiramatha coast M= monazite; Z= zZircon;
S=sillimanite; A=almandine, An=anthophyllite; D=diopside. Location: 1=Ekakula No 38, 2=FEkakula No 53, 3=Ekakula No 64
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Table 7 Chemical analyses of monazite-zircon pre-
concentrate samples (wt %).
Sample Nos 38 46 53 66 75
Yield% 976 1250 2159 1171  9.68
7Zt0, 2780 1490 2070 1810 2600

ThO, 261 123 574 102 354
P05 722 390 1756 431 1034
La,04 394 183 902 166 535
Ce0, 728 344 1680 311 990
Prg0;; 086 040 208 037 123

NdyO; 294 136 683 121 393
Smy0; 051 020 116 021 067

Fu,04 0.008 0003 0018 0004 0.008
Y,05 0237 0121 0473 0128 0283
U;0s 0086 0039 0196 0039 0.098

7. Discussion and Conclusion

Ihe heavy mineral assemblage consisting of ilmenite,
hematite, garnet, monazite, zircon, rutile, magnetite, sil-
limanite, pyroxene, and amphibole is found in the beach
sands between Hansua and Dhamra rivers, being con-
centrated in the Ekakula beach The contents of the
heavy minerals vary from 26.37 to as high as 100%.
The rivers Brahmani and Baitarani join together to form
Dhamia before meeting the Bay of Bengal (Fig. 1) The
catchment area of Baitarani is dominantly granitic ter-
rain whereas the catchment area of river Brahmani is
dominantly Eastern Ghats granulites. The Eastern Ghats
rocks (khondalite, charnockite, calc-silicate granulite,
leptynite, migmatite, gneiss, and basic granulite, and
pegmatite} contain ilmenite, monazite, and zircon among
others as minor accessories The Eastern Ghats prove-
nance appears to be the major source for the heavy min-
eral assemblages of the Ekakula heach, like that of the
Chhatrapur placer deposit (Bhattacharya and Sengupta,
1994). The possibilities of some of the heavy minerals
influx from the catchment areas of river Baitarani can-
not be ruled out The placer minerals together with
other detrital minerals have been subjected to mechani-
cal processing. Tidal waves, Httoral drifts, fluctuation of
the sea level and wind action have played their role in
the concentration of heavy minerals The current pattern
around Ekakula is very interesting being more or less
circular in nature As a result, the heavy minerals do not
travel over a long distance along the shore and are
reworked and mechanically concentrated around Ekaku-
la. The well rounded and sorted grains may indicate
their long distance travel under fluvial environment
and/or reworked for a long time under marine conditions.
The sediments were probably subjected to a high energy
surf zone as indicated by the conchoidal to subconchoidal
fractures in garnet which were developed by wave
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induced collision.

Ilmenite, monazite, and zircon are the economic plac-
er minerals having modal percentages of 70.42, 573,
and 2.52 respectively The monazite and zircon concen-
iration at Ekakula is higher than other placer deposits of
east coast of India The bulk samples contain 10 63—
41.42% 1i0,, 6 15-26 07% FeO, 5 86-16 75% Fe; 04,
7.41-61.74% Si0,, 1 39-12.83% Al,04, 0.32-4 97%
Ca0, 053-4 24% P05, 0.17-3.27% MgO, 0.15-297%
Nay0, 0.07-2.34% K0, and 0.05-0.71% V,05 togeth-
er with appreciable amounts of La, Ce, Pr, Nd, Sm, Eu,
Y, U, Th, Zr, and ttace amounts of Pb, Zn, Cu, Ni, Co,
and Cr. The grain size of ilmenite, monazite, and zircon
are mostly in between 100 and 300 pm having mean
teret diameter of 194 um, 173 um, and 183 pum respec-
tively; and they are well rounded in shape The silicate
gangue minetals are slightly coarser in size (113 to 611
um with a mean feret diameter of 238 pm). The above
indicates that by a simple size classification most of the
ilmenite, monazite, and zircon can be obtained in a size
range of 300-100 ym. They may be processed to obtain
their individual concentrates by adopting gravity and
magnetic methods

The electton microprobe analyses indicate that the
TiO;, and FeO (total iron} content in ilmenite varies from
50.02 to 54.73% and 42 42-46 90% respectively with a
small amounts of AL,Oz, MnO, MgO, CaQ, Ba0, Si05,
V204, Cr303, and ZnO  The Al,O3, MgO, Mn0O, V05,
and BaO are relatively more in the ilmenite than the
intergrown hematite. The iron content in the ilmenite
concentrate is likely to be increased due to the presence
of exsolved hematite in some of the ilmenite grains The
hematite lamellae in ilmenite and ilmenite lamellae in
hematite indicate that they are exsolved from the FeIiO,
—Fe,(4 solid solution. The two generations of ilmenite
laths may indicate their crystallisation at different peri-
ods of temperature The coarser first generation lamel-
lae might have formed at temperatures between 530-
600°C while the finer second generation lamellae may
represent lafer stages of crystallisation in the range of
450~-500°C (Ahmed et al , 1992} It may be mentioned
here that the temperature-pressure conditions of meta-
morphism of the Eastern Ghats granulites in north Orissa
are >650°C and 6 kb ( Park and Dash, 1984)

It may be worth reporting that the monazite-zircon
preconcentrates have considerably high amounts of La,
Ce, Pr, Nd, Sm, Eu and Y in addition to 14.9-27 8%
Z10Oy, 1.02-5 74% ThO,, and 0 04-0.20% U;0g This
heavy minerai placer deposit has a good economic
potential for the above radicactive and rare earth ele-
ments besides titanium.
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