SCIENTIFIC CORRESPONDENCE

A potential phosphorite deposit on the continental margin off

Chennai

Phosphorite s one of the world's most
important phosphate  mineral  resources
used mainly as fertilizer. The consumption
of phosphate fertilizers has increased dra-
matically over the years in view of the
*Green Revolution’. Of the total 146 m
tons of annual production of phosphate
in the world (in 1987), the Asia-Pacific
region (an agriculture-dominated and
thickly populated area), produced only
13 m tons'. India produced only 4.26%
of the total phosphate of the Asia—Pacific
region. The major recovery of phosphate
in India comes from Mussoorie, Udaipur,
Jhabua and Bijawar phosphorite mines
and their cumulative annual production
is about 0.58 m tons™". The total produc-
tion in India is far less than its demand
(2-3 m tons/year)'. As a result, India is
compelled to import about 2 m tons/year
(ref. 4). Therefore, in order to support
the Green Revolution, India either has to
intensify its exploration for the discovery
of phosphate deposits of economic im-
portance or pour out large sums of valu-
.able foreign currency for importing
phosphate fertiizers.

Phosphorite is defined as a rock com-
posed of 18% P,O. (ref. 5). Sedimentary
phosphorites currently provide 82% of
the total world production and 95% of
the world’s phosphate reserves®. Phos-
phorite deposits of marine origin bhave
been 1dentified on land and shallow con-
tinental margins and seamounts of the
world ocean. Both relict and modem phos-
phorites have been reported on the con-
tinental margins’. Phosphatized limestones
(<11% PZOS)E"” and high-grade phos-
phorites (21-33% P205)"”"” have been
reported from the continental margins of
India. As the occurrence of high-grade
phosphorites 1s sporadic and mostly con-
fined to subsurface depths, their resource
evaluation and economic viability could
not be accounted.

Cruise 126 of ORV Sagar Kanya was
mainly organized to deploy metcorologi-
cal data buoys at pre-determined locations

along the east and southwest coast of

India and to sample shelf-edge geomor-
phic features along the central and south-
west coast of India. During deployment
of data buoys, Peterson grab was operated
at 7 stations on the outer shelf and upper
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slope off Chennai at water depths between
30 and 293 m (Figure 1). The sediments
recovered are clay/clayey sands. Upper
portions of the grab sediments are clayey,
and phosphorite is largely recovered from
the lower portions of the grab, suggesting
that phosphorites are burnied under clays.
Phosphorite/phosphatic sediments were
rccovered at 6 out of 7 stations. Maximum
penetratton of thc grab is about 20 cm.
Although dredging would have given bet-
ter results on the extent of the deposit,
it could not be operated as the main
working deck of the vessel was occupied
by data buoys.

Phosphorites recovered at different

locations are classified into four types
(Table 1): Light brown f{rnable phos-
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phorites, grey dense phosphorites, phos-
phorite sands and phosphatized algal nod-
ules/limestones. Phosphorite sands are
detined here as phosphate grains and
phosphate infillings of planktic and ben-
thic foraminifers and gastropod shells.
Green grains are also associated with
them. It was observed that more than
one type of phosphorite occurs at each
station. Friable phosphorites together with
a few phosphate grains occur at deeper
station (no. 3) on the continental siope
which are associated with clayey sedi-
ments. Dense grey phosphorites occur
abundantly at station 4 (4 kg/sq m) and
are 1n the form of irregular or ellipsoidal
nodules and crusts (Figure 2 a). Further-
more, the sediments are clayey sands and
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Figure 1. Sample location map. Location map, east coast of India. Station no. 2 is core

location and others are grab stations.
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Table 1. Details of sediment samples and phosphorites/phosphorite sands off Chennai about forty per cent of the sand fraction
is phosphatic. The sediments recovered
Sand in the Phophate Peak height  from shallower stations are clayey (Table
Station Depth  sediment grains in Type of Minerals in the ratios of * 1) and phosphatized Ii ¢ ¢ 3’])’ (IT d
no. (m) (%) - the sand (%) phosphorites phosphorites [Cal/1Cfa p phiatized iimestones a_ gal noC-
N ules (Figure 2 b) and phosphorite sands
. , o q . o 1 03 occur 1n the lower portions of the sedi-
SK-126/3 93 l frligb:e rown fel?i’ me, qtz, ' ments in the grab. It is suspected that
| phosphorites due to the lesser penetration of the gl:ab,
SK-126/4 186 44 42 Grey dense  Cfa, Imc, hme,  0.61 it hardly collected the phosphorites

phosphorites  qtz, feld underlying the clays.
SK-126/5 124 81 30 Phosphorite Cfa, Imc - Phosphorite sample powders were
grains analysed from 8° 1o 40° 20 on a Philips
SK-126/6 58 a4 16 Grey irregular Lmc, qtz, feld, _ X-ray diffractometer using nickel filtered
phosphatized  cfa CuKe radiation at 1° 26/min. Carbonate
limestones fluorapatite and calcite are the major min-
SK-126/7 30 37 6 —~ - - erals in friable phosphorites, dense phos-
SK-126/8 66 73 21 Grey irregular Lmc, qtz, feld, — phorites and phosphorite sands (Figure 3,
phosphatized  cfa Table 1). Peak height ratios indicate that
limestones the former dominates the latter in all

SK-126/9 160 62 27 White Hmc, ara, feld, 8.2

the samples. Quartz, feldspar and high-
magnesiuim calcite are found as accessory
minerals. High-magnesium calcite is the
Cfa, Carbonate fluorapatite; Lmc, Low-magnesium calcite; Hme, High-magnesium calcite; Qtz,  most abundant mineral, followed by catr-

phosphatized  cfa
algal nodules

Quartz; Feld, Feldspar; Ara, Aragonite. bonate fluorapatite in the phosphatized
algal nodules. EDAX (Energy dispersive
a X-ray analysis) studies were carned out

for 9 elements on JEOL 840 SEM/EDAX.
Measurable S contents (0.9%) occur in
only algal nodules. Major element com-
position of phosphorites (Table 2) indicate

Cfa
[
Cfa
Cla Cfa
{_Cﬂl
Feld Q2
rl-—_—_—-__-'—--ql-—-_*ﬂ
35’ 30 25

- 2 O

Fipare A X-aoy diftractopram of the hght
brown f{risble phosphotites. Cfa, Curbonate
Figure 2. g, Dense phosphosttes (scale — see one supee coin below), b, Polished section of fluorapatite; rz, Quutz, Cal, Caleute, Fehd,
the phosphatized algal nodules (nodule size | cm diamcter), Feldspa,
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that the P,O, content is highest (31%)
in phosphorite grains followed by friable
phosphornites (27%) and dense phos-
phorites (215) and least in algal nodules
(9%). The average CaQ content 1s more
than 56% (average 1n sedimentary rocks)
in grey dense phosphontes and phos-
phonte grains. We arc unable to expiain
these high values most probably due to
mstrumental error. Ca0O/P,0, content of
the phosphontes ranges from 1.72 to 6.2
and 1s higher than that in pure carbonate
fluorapatite (1.54) (ref. 18). For conven-
ience, the average chemical analyses of
friable and dense phosphorites and phos-
phorite grains (average analyses of 1, 2
and 3, Table 2) were compared with the
composition of the phosphorites from
other offshore regions. Si, Al, Fe, Mg,
Na and K values of these phosphontes
are significantly higher than the Holocene
and Pleistocene phosphorites of the west-
ern margin of India (see analyses 5 and
6, Table 2). The phosphontes from the
western Indian margin were recovered
from carbonate-dominated sediments. Si,
Fe and K values of the phosphorites are
lower and Ca, P and Al are higher than
in the phosphorites of Namibia and Agul-
has Bank, South Africa (analyses 7 and
8, Table 2) and, Si, Al, Fe, Mg and Ca
are higher and P and Na values are lower
than that in the phosphorites of Peru
margin, South America (analyses 9, Table
2). Phosphorites from both Namibia and
Peru margins were, however, recovered

from diatomaceous muds. P and Ca values
are much higher and St, Al, Fe and K
are lower than the phosphorites of the
Eastern Australian margin (analyses 10,
Table 2) which 1s a weak upwelling
region. This comparison indicates that the
initial sediments in which phosphatization
has taken place may be neither carbonate-
dominated nor diatom-dominated. Phos-
phatization apparently has taken place in
mixed terrigenous and biogenic sediments.
These results have to be confirmed by
petrographic studies.

The tmportance of these phosphorites
1s manifold: (i) As they contain more
than 18% P,0O,, these can be classified
as ore grade phosphorites. The probable
continuity of the deposit at different sta-
tions along a stretch of 21 km (each) on
two parallel tracks perpendicular to the
coast would make this the largest phos-
phorite occurrence so far reported from
the continental margins of India. (it) The
area covered by phosphontes is approxi-
mately 636 sq km. It is the least estimate
arca based on a few stations. It is pre-
mature to evaluate the resource potential
at this stage. If detailed exploration is
done, the area covered by phosphorites
1s lhikely to be larger and this deposit
may serve as an economically viable phos-
phorite deposit. In order to evaluate the
fateral and vertical extent of the deposit
and 1ts resource potential, exploration
needs to be carried out at closer grid
spacing. Offshore area like Chatham Rise

Table 2. Geochemistry of the phosphorites off Chennat (1-4) and their comparison with
other offshore phosphorites (5-10)

1 2 3 4 6 7 8 9 10
Element (9 (11) (3) @ (4 (5 @6 (12 @ @
Si0, 1690 972 404 1680 340 0.1 1939 1479 879 24.00
ALO, 550 262 079 501 153 033 195 213 268  3.53
FeO 278 298 500 708 134 039 695 617 128 500
MgO 149 236 105 515 127 081 141 138 099 131
CaO 4625 58.16 6420 5453 4630 5020 37.28 3687 42.00 31.90
Na,0 120 101 062 068 020 - 09 076 108 090
K,0 089 036 - 071 030 010 138 155 ND 089
P.O, 2693 2135 31.12 880 2930 3330 1742 1753 27.58 11.00
CaO/P,0, 172 272 206 620 158 151 214 210 152 290

*Average of number of analyses.

1, 2, 3 and 4, Present study (EDAX analyses on freshly broken surfaces); 1, Light-brown
friable phosphorites; 2, Grey dense phosphorites; 3, Phosphorite grains; 4, White phosphatized
algal nodules. 5 and 6, Western margin of India (seasonal upwelling region); 5~ Holocene
dense phosphorite off Malavan (microprobe analyses) (Purnachandra Rao, V., unpublished data),
6 — Pleistocene phosphorite off Goa (microprobe analyses) (ref. 14). 7 and 8, South African
margin (intense upwelling region); 7 — Rock phosphate off Namibia (microprobe analyses) (ref.
21); 8 - Phosphorites on the Agulhas Bank (microprobe analyses) (ref. 22). 9, South American
margin (intense upwelling region); Holocene phosphorites off Peru (microprobe analyses) (ref.
23). 10, Eastern Australian margin (weak upwelling region); Non-ferrugenous Holocene

phosphorite®,
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off New Zealand has been thoroughly
investigated for their resource potential
where exploration was done at 200300 m
grid spacing and sometimes even at 100 m
spacing. The results of exploration indi-
cate that the phosphorites on the Chatham
Rise are randomly distributed and their
abundance at different stations varies from
0 to 100 kg/m? (ref. 19). In spite of this,
these are considered as economically
viable deposits. (1i1) These phosphorites
are also of significant academic interest.
For example, unlike the phosphorites
abundantly reported on the western con-
tinental margins of the world ocean,
associated with upwelling currents, these
occur off Chennal on the eastern margin
of India where upwelling currents are
unknown. (1v) Type (hardness and colour),
mineralogy and geochemistry of the phos-
phorites recovered here are different, pos-
sibly indicating that phosphorites of more
than one generation are mixed up. Earlier
study on phosphorites in the vicinity'’,
however, did not clarify the sources of
P for the formation of ore grade phos-
phorites but identified the fossils of
Cretaceous—Eocene age in them. India
was situated south of equator during the
Cretaceous and moved through the equa-
tor to its present position during the
continental drift. It is therefore likely that
the equatorial oceanic upwelling might
have played a major role in the deve-
lopment of organic-rich productivity sys-
tem on the continental margins that
favoured the formation of ore-grade phos-
phorites. Moreover, friable phosphonites
must be younger than the dense grey
phosphorites which resemble those off
Peru—Chile, where intense upwelling and
present day phosphogenesis 1s taking
place?”. In contrast to Peru margin, there
1s no upwelling off Chennai but a south-
erly current {(0.15 to 0.3 m/s) induced by
cyclonic eddies prevails on the continental
shelf and slope. Several rivers from the
east coast of India discharge abundant
terrigenous flux annually to the Bay of
Bengal and these nvers debouched sedi-
ments directly on or very close to the
continental slope during the lowered sea
levels. Despite this, the phosphorites of
Cretaceous—Eocene age in the study
region are still exposed on the continental
slope and partly buried on the continental
shelf. Two possibilities may be considered
for vanous types of phosphonites: The
Westem Boundary Current (WBC) has
been presently traced about 100 nm away
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from the coast; it is likely that the WBC
might have been closer to the coast in
the geological past and induced conditions
suitable for phosphogenesis. Alternatively,
high-energy environment might have pre-
vailed on this part of the margin for a
longer time that minimized the deposition
of large terrigenous flux and favoured
conditions similar to hardgrounds for the
formaton of various phosphorites. Phos-
phatized algal nodules (Figure 2 b) pro-
vide evidence for such high-energy
conditions. In other words, different
oceanographic/coastal processes infiu-
enced at different times in the formation
of phosphorites which requires thorough

study. (v) Phosphorites are good host for
F, U, REE and V. Fluorine and U are

bound to apatite and increase with in-
creasing P,O, content Similarly, REE con-
tents have been reported to be higher in
older phosphorites compared to younger
phosphorites®. Detailed studies on these
phosphorites are in progress which would
provide 1mportant information on palaeo-
oceanography, age and factors controlling
the genesis of phosphorites.
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