SURFICIAL MINERAL DEPOSITS OF THE CONTINENTAL SHELF OF INDIA

LES RESSOURCES MINERALES SOUS-MARINES
DU PLATEAY CONTINTNTAL INDIEW

H.N. SIDDIQUIE, G.V. RAJAMANICKAM

Notlongt instituls of Qcsanography,
Denapaula, Goa, lndie.

The Indian Narionsl Institute of Oceanography has been carrying out a
grogramme of erxplorstien on the contirental shelf and slope in India.

The occurzrence of haavy mineral placers (monazite, zircon, ...) are alrea-
{y known from the various localities on the Indian coast and more partxcularly

rom the west coasl ({lmenite off Ratnagiri).
e hiogenoue deposits (celcareous sands and shells) are mined in the Gulf of
futch and backwaters of Kerala. Other possibilities are in the Laccadives Islands.

Occurrences of phosphate, harium concretions, manganese encrustations have
been recorded but appear to be not economic.

L'Ingtitut Rational Indien d'Océaographie a entrepris et poursuit la
reconnatsgance deg peteniialités minéralea du vaete platecu continental de
Inde (emviron I milliow de im2j.

L'autewr signale de nombreur indices de sables minéraligée (monazite,
umon, ete. ), notoment gur la ofte oaczdenta ¢ (1lménite au large de Ratna-

arii.
i tnventaire des déniie de anbles calcaires ect dommé, certaineg d'entre eur

fatsant 1'otfet d'exploitation (cdte de l'état du Kémla. golfe de Kutch).

L'existence de cowentmtwns de barywm, de croiites de mangmésge, etn., €8t
st dgalement dvoqude. _
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INTRODUCTION

, - The contlnsntal shalf and slope of Indis cover an erew of
ebout One million kM, which 1s abiut ang thirs of the loec acea of the
sountry. The shelf Steelf covers an srea of about 459,000 ke and till
recently vary iittle was known ahout the ¥uolegy. minersl ¢id ofl ra-
apurces of thic vaat area. The discovery of large il and gos Geposits
on the shelf off Bombsy and avaiiebllity of facilities particularly ves-
sele for merine sxploration and oceencgrephic research provided s im-
petus for work, -

Previous enk 3 the minaral sotentias of the continental nor-
gin of Iadia has been revimved eerlisr Ly Chatieriee, Yavunakarin and
Siduigquie (19683} end subsequentiy briefly up-dated by Siduiauis (1979
in "Marine geology 3n India ~ & review”, Frabhakar Rac {138R7 described
the sedimanta gf nedarshors region of Yeraiz whish included o Jdaseription
of heavy minersal distiribution in this repion. Jasim acd Salr (44775 re-
vigwae the prospacts of offsbore miciog in Ingio.

Prosent Exploration Programne : thy Naticral Institute of
Qceanography {s now operating & progrewme for geciogiisl o7d peoghysi-
tal axploration of the antire contineatol shelf snd sloe {Fig. 1l
The surveys are carried out mainly by the Institdte’s research vessel
GAVESHAWL (88 m long, 12 m broad sng provision for 19 scientists). In
adaition, smaller vessels, mainiy fishing trawlers are ungagsd at va-
ricus lccalities on the coast to survay shallow arcas. [tese smaller
vesgels have been utiiised €ar ihe exploration uf ilmenite depcaitz in
tha shdlow offghors arcaes amd caluarsous sonds in tihe iagoonz af the
Leccadive lslanda. The exploration praogramee is based on an svaluatlon
of tha available dala chigfly the Scdiment Map of the Saas hordering
Ingia (Siddigquie, Shrivastava, Mellik, Venketzsh.and Ray, 1575). The
distrioution of different sediments types i.e., tercigenous. dieganocs
snd chemogenous, their differsntiation into recent and reiict, Ldentid-
ficstion of non-dapositional envirenments and praximity no resent haavy
mineral placars on beach are gome of the factors uses For eveluating
the minaral putential of the arsa and assigning pricrities for aurveeys
of gifferent regions., The programme onvisapges traversiog tho gntirs
continental margin of Indie at trachs spaced at 2i km g0 thet thekspa"
ting iz sufficlent for incorperatlon of basic gsological datc an }hc
exiating 1/2 00D 000 maps of Indla. Ths progromne 1ny01vg§rtrayur§iﬂg
over 75,000 1ing km, collection of bottom semples from &,U00 stellons
and sbout 22 months ship time. The undarway surveys include bathymetry,,
aide scan sonar, shallow asiamic and magnatics followed by sermpling Dy

grabs, corers and/or dredging at about 10 km or after the 1df“ti*if?ti?ﬁ
of suitable lacations from examination of underway recorids. tre data anc
samplen thus collecied are stusied for the praperation of warious Ef:i__
logical, grophysical and tectonis maps and evaluating ;ﬁa minixaj 2{2::‘
tinl of the area. The follow up leboratory studies Incluge seaimén*ct nYs
geochemistery ang micropaluontnlogy. A reconnaissance ofimoiewtﬁaﬁ LG
third of the western shelf has bsen completed under this programme
Ifig' 1’c
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The present paper is largely basad on the work carried out o
under this programme at the National Institute of Oceanography and from
the published reports of other organizaticns in the country (Geolegical
Survey of India and Departement of Atomic Energy). The work is in the
initial stages of ‘ths exploration programmas ond the paper does not glve
ths synthesis of results of 3 complsted survey.

The surficisl mineral doppsits, as is customery, have been
grouped into terrigenous, blogenous and chemogenous as dascribed below.

SURFICIAL MINERAL DEPOSITS

Terrigenous eposits (fig. 2) : occurrences of heavy mineral
concentrates usually known as "black sands" are reported from many loca-
.lities of the Indian coast. These sands usually contain monozite, llme-
nite, zircon and ‘garnet, besides magnetite, sillimanite, kyanite in si-
gnificant propurtions for economic axploitaticon.

Of these, the occurrence of heavy mineral sands along the
Karala coast is bast known (Tipper 1914 ; Brown and Ocy 189%5). The hea-
vy mineral sands occur in an area sxtending from Quilon to Cape Comorin.
The deposit is reported to contain 17 miilion tonnes of ilmenite, 1 mil-
lion tonnes of rutile, 1.2 million tonnes.of zircon and 0.2 million ton-
nas of monazite. Similar beach deposits with varying proportions of mo-
nazite, ilmenits, zircon and garnet have besen Jescribed from the Retna-
giri arsa. (KRISHANAN and ROY 1945 and ROY 1958) Tinnavell, Ramnag and
Tanjorg districts, Tamil Nadu (JACOB 1958}, Visakhapatnam, Yarada, Wol-
tair, Bhimunipatnam argas of Andhra (Mahadevan and Sciramdas 1354
-Mahadevan and Rao 1858 ; Mahadavan and Rac 1950} and the coestal areas
of Orissa (Offfcers of GSI 1%449). Tha total reservas of ilmenits are
estimated to ba 130 million tomnes, whils the present nroductinn is
76,670 tonnes (Indian Bureau of Mines, 1374).

The extshaion of heavy mineral placers from the beach to off-
shore arsas has been a subject of speculation till recently. Some of
the richest placers deposit in India occur along the 25 km long stretch
of the coast from Neendakara t{o Kayankulam. Prathakar Rao (1968) axplo-
red the shallow offshore ares in the vicinity of this coastal stretch
to a depth of about 10 to 12 m. About 48 holss were drilled by a water
jet from one meter to § m into the sea hed. The surveys indicated the
ocecurrence of sand in the southarn part, silty sand in the central part
and send, silt and clay in the northern part. The heavy minerals consis-
ted of kyanite, sillimanita, zircon, garnet, ilmenite. leucoxene and ru-
tiles. The concentration of heavy minerals varied from & to %6 per cent.
The highest concentration of heavy minerals occurred along the shore and
in the southarn. part (fig. 3). According to Prsbhaker Rao (1968) tho maxi-
mum concentration of the heavy minerals in general 1s associateg with
the madium sand. It 1s found that the concentration of llmenite variod

onam™m., .
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from 0.8 to 20 par cent. Prabhakar Rao (1368) indicated that the sedi-
ments heve been derived from the areas immediatly to the east Th;LA
sgason_of greatest tyrhulance in the sea coincides with the ‘season-tfs
annual precipitation. During this pariod, the rivers discharge large *
amount of sediments which is transported by shore currents a%5ng t%e:

saBndy beaches, sortad and beavy minerals ci nts . :
iy concantnr : g o
and. waves. S trated dUE.té currents .

. The Konkan Loast especially the arsa extending from Oabhol
{lat. 17°20') through Rstnegliri to Vangurla (lat. 16°) a distance of
about 200 km i3 maerksd by & number of projecting rachy sromontories
with intervening arcuate bays and estuaries. The vccurrence, of ilmenita
placers on the beaches was rapurtsd Ly Krishnan and Roy'(13§5) and Roy
{1858). The onahore piacers o1 beaches contain 17 to 74 per sent ilmé~'
nite and the reserves have been gstimatec at sbout @ miliion tcnnes':
(Mane and Gawade 1874). The numerous small rivers ﬁiscnarginﬂvsadimuntb
on this coast drain the platesu and hills covered Ly Geccan :rapﬁ in Lo
gast. The tidal range in the ares is about 1-2 m. The arce receives Lﬁu
rainfall of 2500-3000 mm and the period of mueximue precipitetion and”
sediment discharge cointide wiith maximum turbulence and wave activity
in the sea. This facilitates the sorting and concentration of heavy wi-
nerals, According to Reddy (1478}, off Lna ronkar coast, the wave p@hiod
is vusually 5 to 14 seconds and the predominant direction of waves i 5,
WSW, W, WNW. The waves during the monsount sre from SW. dSW and W ond the
sediment movement 1s towerds the north, The analyses of wave refractian
ingicates that there ars several places whure convery-:nit ang divorgante

of littoral currents take place. The sediment transport is usually direc-

tod -into these bays. The Wational Institute of Uceanography is carcying
out a survay of the Konkan offshore ragion to explore the extension of
the beach placers to offshore arsas (fig. 4). A prelimirary exemination

.of the terrain indicated that the sonds arc mere or legs confiped to

"the beaches within arcuate bays end no sandy material 1o accumalotel.
‘at the promontorigs. Based un this preliminary examination, o number’
‘of pays were surveyed i.e.. Jaigad, Ambwah, varvada, ka3lvadevi, Mirya

and Ratnagiri. The surveys wers carricd out on a‘scalq:cf A710 GGD and
the positions were fixed by the ssual methods of travelrsing the shore
with theodolitas to fix shors ghlects and the positicrs ware deturmined

‘by sextant angle of shore objacts. A fishing trawlor, 40 to 18 m leﬁgﬁn

was utilised for the offshora surveys consisting of grnosuunding,
magnetics and bottom sampling by grabs and snapper big. 5). in the
first phase of the surveys tha surficial distribution =t tha hedvy

"minerals placers was proposed to be mapped to be folli:wed Dy shallow
‘seismic profiling and vibro-coring in selected argas 17 tha seCHNd

phase. The aecond phase of the surveys is expecisa to comnence oy the
gnd of 1478.

In éach bay the shors line was traversad for ¥ixing shore

' merkerns: and the distribution of placers was racordeg. Four the o¢f53fgf
: sdrVeyé in the bays, ths tracks were aligned at & spacing af about 100-

200 m, perpsndiculprvtd'the coast to obtain best possinle coveragw ?F:
topography. Echosounding and megnetic surveys wers car:igc out alo§§ ,
these tracks and ssdiment samples were collectad at = ﬁpgcing of atiut
50-100 m. Tha analysus of the -samples indicatea that sand covers tha

—241-



N ,,.Afo—i—-
Yo

‘Q;

m.,‘_a;_ e

HEAVY [INERALS
(PELCENT)
YOTAL DEOIMEKT




floor:gf the bays and extends to o distence of 2 to b &m cf?shuré Lo 5

dgpth?of about 9 tc 12 m. Bayond this distance, the sands ars apparear iy
ovarlain by recent clays which is cont {rmed by dual low fraguenny vehnw]
gounding in some of the areas, ‘ o

Tha aralyses of the sampies indicated that Ui
the bays consist of slity sang to med*;m sand. The heavy minerii fracs
tien in the differant fractions of sciiments sanpies was son
orumuform and subsequently separates intg magnatic an
fracﬂ;ons ovar a cooks magngtic Ba2parsior. Tho results of the anolyses
1ndicanu that the hsavy minerals valy from 7 ks 81 per cert (Fig. i
The draa tovered by heavy minsrel gplacers iz ohbout 22 wkmd in the hq;n‘
aurveyad g0 far. The h2avy mineral sulte consizts of seagnetite,
nite.. hornblende, diopside and augite eto.. However,
poxtion of the non-magnetic heavy mincrals consist of fimanite undy. The
ilmcﬁite concentretion un this Lasls 1o estinctud Lo range from 1 o
55 per cant (fig. 7). In the absence ¥ coree aod the aacwh veri i
horizontal varlability of e fheavy miners! siacers, it ois Sifficult tu
esti watn the reserves ot tidg stage. Huewsver, assumicg Lhe Dpier space ve
have- about 411 per cent and specific grovity of 4 wien en averas. §law-
nite.content of 20 per ceot, the grobable rusorves of (lnenito
three bays wWould be of the arder of 1.5 Lo o wmiliion tentes. e te
reserves considering the number of bLayo still 1o by surseyed Widiobe
muny times mors.

sgijiments i

STpAratal by
non-magre:Lice

LiTa-
o very larys oio-.

i hha

] Further, cxplorstior of sffshore placers as started sariier ino
this paper will be gulded on the prozimity to onshorg placsrs ang an
exaginaticn of relict sengs on Lie middle and cutsr stu:lf. Thr prasent
data indicate that fur u coasidorable portion on the western shelt 1.e.,
from the Gulf of Kutch to the vicinity of Mangalore (13t ?f~13°) e
relict sands consist of colites or bilogernous material with a very test-
gniticant terrigencus componant. The relict sands in this entirse helt,
as elsa those west of Patnagiri, do not apprasr Lo be pramising for neovy
minéral plecars. The relict sands further south {of¢ Reralal ate tergiy’
genbus. but theas haeve sl boen erplorod o dotally Gincg these rolint
sapds are in the vicinity of known extensive and rich onshore plaess ot
ilménite, monazite and parnet wtc,, these appear LG be promising 0T
fur%hsr srploration. The extensive sepd zone continues east whrks Lo i
bulf of Mannar anid alaso appears promisicg for furiber expioratio. %ua
P"ﬂurtud ocourrénces of heavy mingral concontrates on Lhe wuot costl ale

rDb/do extensive as on the west cosst, Thi: sonds an Lho midhtle 2ed uuau:
hqff.fe ukh of Mauras. are Lerr;?urnuu ang thisse wmoy o ralict and
dppuar'proni ing for further egxploration, The rellct sand oF Y Ssadus:

beo T

patinam cens ists largely cf nolite, and thurefore, thelr anuMPiql"w.
Oﬁiuzrn wce of placers is lgmiteu Howevar, the mxiensive verrigusns
adduq g the middis ant 'nﬂer gastern shelf newd to be nuj“r!llj XA
~%Lﬂcu DBFOFL ruling out the uo‘ sibility of heewy minersl piasuls.

Somvis

L Sand and Lraval are increasingly being expluited Fiom thn
P”FtINUn*aL shalves of soms countries for conatryction wu.krmnféj;v;.
Safd und gravel baing a low cost maturial, ghaif @1n1nh :Ium ?ulf:f'ﬁa
nas to compcte with onshore ‘deposits., This is liraly t? b% E?a;iuf;i:;
uth coastal areaa which hoave largu artan centres and intenss Juxzfl.i

-g,;'),f‘v?«:,",. .
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cactlvity, Such s damand Fou not yet ariges in India but an analys
the bVJAldD]d dete Indicate (ndt suuh nwizwcéé‘deposits do not agour
the vipinity + domiady whilg heavy populeted arva of Keraly and the ur-
Lan ¢caNtIey dL Cochin, Megras, Yisakhapatsos ang Cafcurta have extens]ys

sand deposits in offshore ares which may ba wsedud for fulure expiaic.
tion.

Blogonous Jepesits lisg: &

il

. UBposita uf sieldls, corels Qoo L8icarluus »onds dccuring Ly

_ the sweatal achas heve s amdll szele Vrom thi eariy
historicai riges for meki;* Lime aned for incol copotiuclioe work. The
gxplicitation of by dnponits o pel seare fol inousiries of, cument
ang chamjcaly is howover conparetively cecent. :

itie bﬁsL’\nuwn aiel s
Vembanoad wake (bochwiters) o
twa depusits ty et & v,l-ic
waters of Kepala scofcists of . e tedrdeliv (G, LIESO8E MG
euculiaie, Yiilivita cyprivoiacs, Moo e ap. ol Mupiteiy sp., Uhe
last tirse are grecomdnsed In ohe Vool onao lshe whilie the 105t twg
dominala the LJ,uaFZPG“ Thee Tege oo have Loen asbimated tu e . to
25 million tonnes in the Vemos -k ¢ tition tonms
bhe Xederarmdi ared abosub oo mil ) e tonais et nf

Puliet and Toothuuall! rovers.

10 L Sulf oof Ronon and In the
’ Lot prodention from Lheos:
oehiell depusnits 1 the oock-

v

bt iog 0F tha Lotbim 3c0imgnt mop 0t the weasw hor-
carit& Indic shows relicy ouililc and LGiqpenoud saoos o the adaaic AnG

puter shalves (Fly. B}, Thase on Lhe western oneld e.tond aleost as s o
. pontinuoes witde strip from *uu Guli of Falch to Lhe vicipity of Mangs-
lare, Un the pesters shelf, the roilel dends aiw espesed io patohos i3
discontiruaus hell, aod of tﬂugt,‘CﬂiY the grourrange of f ”'~th3p>tno
consisty of crt o zavbunete soelitic acd or Liopunous samds). The
relict sands nars 2t 2 danth of moer thas S0 and Lheon ave pot
Jlikely te bLie Iangaidts econgmin tntereal on both the ubelves. Howe-
ver, deposity 04 coral and zhell sands deoous ing in relatively shalluw
areds oobh Ln She daguuns of fho Laor T iive ¥othe Andaeman To-
“lenus and in the Gulf af Memmar ang oot shreits .

Ot prmn =i,

' 'uG\Laciadivab consist of a proun of chéi At0lis Submeyed
‘raefs ang Sevks. Siddiguie amd i W £1973] surveyed clevaen of tho
Crlagaons in detall Yo DD and 1AM UMY and o Teconneissarie of four
‘submerged reets ond Lanky wen carrled oot (Fig, 91 over 1130 Lam o
ech‘snuncirg xas Cerried oot 13573 ] wnrurscliudtaﬁ From Liw 1o
goons ang Y46 from thne affsnore ardes. From this, periiol chomicel ofge
lysss of EEa sawpius wsas cafriomg out. Yhd“f Sarids @ru ol qauﬂ""nd;itv
Jand contal tw~&*1'uu.—xlvﬂlng EHIVER § R ¥% 3! Fectde, 1), O Y \ Oy
Imgurity ans 1h 1w ‘ﬁt»ru,uLu, ty note thiat Lhe. hwu runn i
of soms of the 13econs 15 feigtod Lo Lhe ptexiimity Ui Lhe reed {fig} B

The sands can be otiliscd for con Lo Vi, 5\1,¢,~
dustties., The surveys inaleate couulretue of ‘
tannas of calocarstos ssnds i Lhe fgguons 40 9 Jupthi uf oboat b oot
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TABLE 1 : CHEMICAL ANALYSES OF CALCAREOUS SANDS FROM THE LAGOONS. IN LACCADIVE [SLANDS

: - LAGOON CHETLAT KILTAN KADMAT AMINI AGATTI KAVARATTI BANGARAM
. Average of number 4 4 4 3 4 3 9
of analyses

540, Tr. Tr. Tr. Tr. Tr. ir 0.08
‘Al203 1.78 B P & 1.7 €.85 G8.7% G.73 .18
Fegl3. 0.13 0.25 0.18 0.05 C.12 G.C8 0.19
1103 Tr. Tr. 0.14 0.02 0.05 0.10 g.02
F20¢ ¢.05 0.05 0.12 0.11 . 0.64 0.C6 5.04
€al 50.14 50.19 49.25 49,41 48.51 46.43 51.47
‘Mgl 0.86 0.73 2.47 2.48 2.30 2.23 1.25
‘Na,0 0.48 0.53 0.62 £.94 7.786 .72 0.55
K20 0.25 Tr. Tr. r. Tr. Tr. 0.1%
1503 0.23 0.62 8.37 8.39 1.38 1.41 0.70
Loss 46.31 46.28 45,64 45.60 45,31 45.35 32.0

jon ignition
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Lelow the lagoon flour, ihe inferrod reserves {n song lagosns where o
detailed surveys could oe carried cut are of Lthe arder of 423 miltlion
‘tupnes to a3 depth of 1 retre. The ruserves at grester depth are expectes
Lo ve many times more ana the inferred reservas in the lagoons between

i-2 metre below the lagaon floor are sbout 712 million tonnes.

The wastern cuast of [ndia especially the xonkan, Karnataha
anJd Kerala couasts do not have large limestune deposits, and therefore,
the Jeposits In Laccadives are faveurably situated for esxploftation. The
eatensive mining of these deposits particulerly those in the inhabited
lagrons will need o carcful study of the impact of the removal of the
sand on the reef. ir some uf the lagoons the extraction of sands from
tag lacouns nyy Le linked with (e development of port facilities.

Cremogenoud depuscts i44g. 12)

fhe chumogenoes Julusits reported from the ocean floor in the
vicinity of thne country ale barium noguies described by JONES (1887 and
firen) und phaspoate nodoles Jescrived by TIPFER (1811) off North-Anda-

Gildlila.

At pruscot there Qe little interest in the exploration for
pariam podsles becdase it 1s o low zriced cosmodity. In the late 196C’'s
G maber 0f orgenications anuarried wot sampiing for phospnorites on the
continental shelr of fne couniry, particularly in Lhe vicinity of tneir
resorted Olourrencr, G northrAnCamans, bLut the resdits have not heen
ancouraging. Thu uucurtenis of shosphorite in this area {f any appears
Lo 08 Sporacic. lne sestern chelt vecause of zeing an upwelllng eree
Wwith .r 17w sedimentation aind ncn-Jdepositional environment i.e., large
BUeds COverss Ly relict co.itic sonds gnd extensive expusures of rocks,
APPEATE L4 Lm an arcs oot asie (01 chemical precipitation especlally
For Lhu formation of pRosproritos. bxtensive sampling so far carried cut
Ras indicdtiend thal ohe phoophete centent of the sediments is low and
ranges from G.1 Lo o vt RATD ot oal. 1575). However, large areaw
o tne slope wiil have Lo oo erpiored in greater getails before the
formation of pnusphate Jeposits in his areo is compietely ruied out.
tocrustations of mangabcse on the rocks have been rgporied in some areas
ate.the sielf and siopo Lut Lnose Jo noL appear (6 De extensive and of

Lronettiate coonomic signficance.

PSEENG ES ¢

CONCLUSIONS

The continentol steif and. slope of Indis cuver s large sreg
(ALout v mlilion nw ), whizh is ong-third of the lan? ares 3f oy
couttoy. papluration of this vest territory has Leen commenced racentay
Gl preliminary reseits ingicate Tngl the orea is promiaing fovr Liwe

e L lteee e Of Sufticiod minelar Uehvsilne



& B NNV HATRSIA
RS w%00& OO OO 0S O
< g
B~ —-—SNOLIVISANONT ICINVENVYA
)\A\O .

— s~ -— SHOLL RONOD RMUVE
— e = BNGILFHONOD FLIVOMISOMAS

¢ u <

— e e e HETIINGEN O SYIYY

0\ Mv —— v —— . - — - > — a3y
s R bt L4 L ]
JNTIVUOLIAND  TWNOLISO L3I0 NON LANISIH
v ROS0OT =340 WINZTVRCD L 40 LRI ¥3N0
AN WO = T3HS TVANSNILKOD 3L 40 LIS ¥3UNn0

VM 40 NioNUN P A Y
WALNINLNCD 3HL NO SIONIHMIDOO0 TVMINMIN A
SNON3SOKIHO 3L ONIMOHS J%id ;
o 1 i 1 L i 4 ,&_
e 08 8L AL A

FARCF



The coast of India particularly, the westerh ccast has very
iarge.and rich deposit of heavy mineral placers {monazite, ilmenite,
<ircun, garnet and magnetits etc.). Recant surveys have indicated thet
. thg Cgposits an the sautd west coast i.e., in the vicinity of lNeendskary

" and kayankulam and an the Konkan (Ratnagirii coast extend to offshere
eraas also. Though tne deposits in Konkan are localised to soma bays but
the. concentration of haavy minerals is high and these appsgar to be
Cpromising for further exploration.

Jeposits of calcarsous sands and shells ars being exploited on
3 large scale {annual production about ona million tonnes) for cement
mangtactury from the Gulf of Kutch and backwaters of Kerala. Thae occur-
repces of calearzous deposits on the shelf particularly on ths western
Sipifoang In the vicinity of Andaman,” Nicobar and Leccadive lsland are
w:ll known. Tha deposits {n the Laccadive Island ars fairly large and of
poud quallty and the indicated reserves ere estimeatsd at 2068 million
Lunnes and the inferred reseirved 1135 million tonnes.

. Trhe occurrences of phosphate, barium concretions and mangangse
LritFustation are known from soms localities on the continental margin of
Snsia tut these do not appear to te of economic significance. Though the
cantivental shelf of Incias especlally the western shelf has upwslling
angd non-gepasitional envircnment, the surveys sao far carried out have
inaicated only o low phosphate concentration in the sediments.
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