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lese arﬂa.,' are the continental shelf b'etwe'en Goa and
epe Comorin for heavy minerals; -the aﬁshore regzon-
the Scurashtra Coast,; and between, Gomand Manga-
¢..for -phosphorite; . the .outer.. contmenral ,cslzelf,,oﬁ'A
ay, ]oz, ca!ca)eous sands a_;:,”, off »Keralq for quartz B

Mm:r g 0f '/’zese sea fioor dcposzts by various: forms o
Fdredging result'in the ecological modification:of zhe?
vironineit. 'Someof “the ecological imptcts are dis- .
sced andsthe ‘baseling” environmental conditions: that
suest be studied in advance of offshore mining opera--
ns have been proposed. '

Irifroductm‘.l

3 h; oceans are known to be endow‘=d thh rich sourccs .
“of many minerals and they are undoubtedly capable-
£fmeeting the needs of mankind for thousanrs of years.
& Fov.wm,v despite the enormous quantity ‘of resources
available, only very small qLantmes of mineral depos;ts
o exp;cxl:d economicaily and -these ‘are largely con-
ﬂd to the contmem 2l shelf. A notable exception of

curse ‘are the manganese “(polymetallic) nodules found '
tnv deeper parts of t‘le ocean at; dcpths of abouL 5 000

.'S."Z. Qosim, Dircétor and Mr, R."R.-Nair, Sciontist

mf Imh(utc of Ocea nogT'mhy, Dona Paul'x Goa,
. >

TABLE-——I", Mr\'x:n

" problem of thelr owners hxp

: dep031ts of tin off. Malaysiza, ' 1“13*1 angd, In
iy and platmt_m oﬁ A}aska dlan‘onds 1ron. T
: t‘he Oran"e Rwer, Soathwes* A

o Persian Gulf, Lake Maracaibo, ™

“western and Western Australia, West m' 1\cw
.Northemn _ Alaska,” South-¢ '

',per unit volumé,

: Among t}‘e minerals a]rnzmy bemv m
dmllower part-of thedea (less than’ 50 m)arss

-y

acq
oy

v

‘f'ca T nr* '\‘1
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Soccotra Island n the Indian Occan alco hw ';"
future. Barring - a sin venture {0 mine: ﬂxuf
phorites’ off California (U S

ol
i

phos
A, no atternpt has'yet

- been made for its large-scale exploitation elsewhere. Cil )
-and natural gas from the continental shell have to date i
formcd the most valuable mineral source. They are be-

‘ing” produced from offshore fclds in California,. the -
: Vestern - Africa,, the -
North Sea, Eastern Brazil, Northern Java, °ouL‘q-g
) “aland,

astern X Thailan:

Tama"i and Wcstcm India.

" A" *he minerals menticned above have 2 h.s. rics
.and therefore they are r'ﬂs*acred_','
worth', exploration and exploitation. "’he dCt:.’l) and :
: appI'O\lm'l'.“ prices of some of the placer’ P :
shown in Table- I afxd Tao e XTI, The major companies -

6 A&,
ol

AL S'mnsncs

Rcservcs‘(milhon tormes) Rt

= Production:, {1970, tormes)

" Price per tonne .

17,932 {all grades) -,

Lime kankar .

: 881,074 )

“Bs. 13/- Rs. 90/ ")

* Lime' ‘shell - ~80.598 p o din o5 grad
. Calcareous sand .‘996 201 ,“‘ pen g g,-‘_ €.
Extensive . - “Sand’ ] . 621, £y ‘}f 18/ Rs aa/-"’ =
o I ) Slhca ‘sand Wiy 982 ,910} depending on: 'grade.
. 609 (au.gmdes),.; Tphosp'lao'_riee'.‘ e 156,858 . el L
ot e Apatiel 15,907 f T TR
133 Toh 1753 (korula) e Ny 76,770 Rs. 81/- (58% Txo‘)'“
11,87 (Kerala) RS 3032 Rs. 985/- (97” 'I'mOz) =
: 012 (Kerala)i. v o N.A. NA. SRR
“'Compiled from Indian Minerals Year Book 1970. .* Not Available, . . L
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“TapLe—II SOME ECONOMIC DETAILS OF PLACER DEPOSITS

ity

Fconomic Range

A M Approximatoe price® Sp. gravity
e ! ) {Cu. yd)
" ’
Plhunondilorony .
- Dinmonds $00-60/ct, 45
.- Metallic minerals R ) :
- Platinum -, . - $180.00/0z. y (1419 - Lk
_‘-_('?gz_ssitc'ritq $1.75/1b ’ 6.8-7.1
éac.hsa.ndsi_h_ " - o
Imenite . ] "0 OO/ton ’ . B 15-" O.o
Ruhle . 8160.00 3 i e 088 7
Zuoon ', L8000, o '0.3%:
TL$117.00. ,,7,_ C0xg L
$ 1000 ”

3.0%

Puces are for 19.'0

.mvolved in: offshore emplorahon are gwen n Table III

;,E ni
-;No m ch mtclest “has. “been’ shown by vanous

"cludu quartz sand a’ld calcareous sand uuhzcd by the
chcm:cal industries and by the building engineers for

© construction purposes. Quartz sand is extracted off Cali- -

. forma ‘Florida and fzom the English Channel Calcare~

e

R

- "countnes m thc explomtion of such mmcrals whxch -
: ~.‘have a. Jow cost _per unit volume. These mmcrals in- .

TABLE——HI CO\ PANIES L\DEX\IMGI\G OFFSHORE MINERAL -EXPLORATION .
(modified hom Lamplem and Valentme 1970}

ous® materxals arc abundwnt on many. shclvca of ﬂn
world? They are of local importance, and" when suffick.
ently ‘pure, sthey could be used for cement manufacturc
(c.g., the calcareous materials of Vembanad Lake i
Kerala and the Gulf:-of 'Kutch in: Gujarat) .or-for the:
chemical industry. as is the case for the off-shore colite;
deposits in the Bahamas (Schmitz and Aldrich, 1970). F
general classification of the offshore mineral deposxts
excludm° oil and natural gas. is ‘given in’ Tablc IV i

. ‘t “' e
o Co~.mtryl_ -

"'.’Mmera.l et

oot s Year of Approx.. expenditu'rc:

¢ commencement. in dollars

’ Malaysia 4o

‘Union Calblde' ‘ " Thailand .
: Bl]hton M S R Thaxland/
g RN - ‘Malaysia ;

- :Alaska
Pac:ﬁc

E Austrmn
‘Atlantic.
8. Africa |
Australia *}

S “‘Aust'ralie.'g_ N

200,000 -
1,000,000
500,000

S Surﬁcxal o

»Consohdat‘ed

-~Ixi situ

' Surficial

Eshore ‘iron - sands,
ands, ca]caleous sands.”

:'Aut}ngemc ‘nodular’ deposnts oy
" {Mn, Co, Fe, N1) pbospho- _

Rt tcs

vhallbw placcrs, “beach'.or- ’Buned nver and beach placexs -
’ sﬂuca oE gold tm platmum dxamond

B s\ S

, Exposed stratified - deposits
“of coal u'on store, limestone,
coral. - IR EENE SN

Massive: vein or tabular depi\
Csits of sulphur copper, * it
“'tin, "coal’ BT

2 Authxgemc coatmg of man- -
- ganese and phosphonte

‘\.-_.,. foee e
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Sedu-wn.ar" Emmework of the westem connncntal
“shelf of India ol ol o

§ using grevity and piston . corers,

ol ecled by -continuous. echo-sounding and-'sub
profiling
'rc§ea‘ch ve

ssel avesham during 1976 77‘

Ec arm sedimentdyy prodesses of the west m sth

a?r( 376

t"ho -sounding has shown thar the bottom’ topo-

¥ is gencrally smooth and’ featureless down to'a
107 60 m. Szaward from 60 m and up to the edge

‘pinnacles, depressions etc. The. pinnacles are
.30 m high. The shelf-break ranges from 90 to

22 distinet types: (i) the nearshore sand-from the

i tide mark on the shore down to a depth of about
a1,

ad

£
wa
r L
(‘)

A climatic (hot and wet) conditions on coastal
. These sediments strongly reflect the lithology of
rocks from which, they are derived. Thus, the

dnmnts

1 conirast io the nearshore sands and muds of the
rxheh, there are the calcarcous sands. and carbo-

\A:D(‘A.-’v MINING~1977 ANNUAL REVIEW

"‘nate .rocks ‘of the outer shelf- These. sediments arz 20
.. late Pleistocene origin when the sea ievel stood betzrezn.
a'urconsolicated mmeral Czposits of the contmental " 60°t0' 90 m below the presen

“i’_ are re., tzd 1o, tne geologio h1story of tne shelf andf :

%

anzociated  with - Iow stands of sca level and soms
~these have become préserved 6n the skelf as zeary
- terraces at:depths ranging from 31to 92 1. 7
" shorelines are impertant because tI-rw have a'cs
R tl(‘."l Qf b I

ceatise 1*. 1s mvch better studled than the castcrni

india. Moreover,” Lhe contmenta] shelves cn"

Hy nArrOwSs towafc’s Lhe south and off ihxalai
ut 63 km wide. From the contmenhl -shelf -
IO has collected :about -1 000 bottomv;" E
"grabs and. s
4ges. Cther supporting data on tooozraphy have also, *’

- .. STREAH PLACER

. Most of the work has been done frorri"

bzen given here: Further details of the work can be
ned from Siddiquie (19/4) Nalr (1975) Hash1m1- :

¢ steli (120 m), the sza floor has numerous undula--
0 in depth. The sediments in the shelf region are -

in the sea. This strip of sand is a few kilometres:
Hargely consists of quar(z with small qmntmesy
izavy minerals, (i) the silt and clay regions in’ “the -
o shelf wn ich extend from:about 10 m to 50 m or .’
depth, (iii) the Tegion of calcareous sand which.
*m about 60 m to the end ¢ continental shelf.:
ares 1ypes of scdtmmis m-ve different origins.,
st twe {nearshore sands and silt and c]ay from -
inrer shelf) are formed as a resuit of geological pro-- o
$'07 wiathering and erosion occurring under the -

".continuous patches along the shores of both the’

ent-types of . rocks contribute dxfferent mi nerals to.

{ ievel., Tue 1ad m‘.z;cn* -

..ageof the calcareous . sediments. is - uc*wce.-.,E,CCOx.‘o
. 11,000 years'ang they are therefore, tered Srelist 'Pf'v-\ ‘;j‘

‘ments”. Maoy old shorelines have been foun

f-ths :

ny minerals (Fig.id.

L ]
) 5=ACH 3
ur.A"H PL/CE‘?S . AND ’

Lo - SAl
) bd

| 50km O . i00km . 200k, w:;_:

T g 1, Di ﬁglumm“hc representation of ine occurrence’ o;

minerais in the continenia! chelf. C e
-S“IOIC]IHCG are difficult fo 1 cognise

Teii.: changes .in the sea Icvel redistribute ihe o
ments of the old shorelines or cause them to be buricd
under the more recent sediments. Details of a"am:zc_fe‘
pattern occurring during the periods of low sea ie
are not available at present. However, one may presu:
that the buried channels of old rivers exist on 1=
ern shelf and these in turn may form the so
heavy mineral concemirations life those IOLPC' cn
(Fig. 1), ' '

»y o

i’romlsmg cffshor; arzas for different tymes of

Hn,wy MINERALS

deavy minerals such .as ilmenite, magrelite, m

tSE AN

‘zite, zircon and garnet occur as placer dupomts in-

and east coasts of India. The racst important of these,
depoms are the ilmerits ans monazite seds of & ain:
Concentrations of -thess mine

is on the b°af‘1 23 oo
as a result of the naturai @ - ~rzz o e T pa Tk

. sion of the hinteriand of Kerala. Lae smcctive removal -

of the light fraction (quartz, felspar) from the song- by
tnw-action of waves and currents, has led to further
enrichment of the sand with heavy minerals, Extension
of ‘these deposits to deeper waters is a logical possibi-
lity, -and :'therefore, off-shore exploration * for - heavy ~
minerals in promising areas of the west coast is most
important (Fig. 2). Recent geological exploration-of the _
.continental shelf from Goa and Cape Comorin provide

a9
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upporung ev1dcncc of the cxtensxon of the placer depo-, .
it into’deeper waters. Studies of the sediments indicate
“that'the entire outer continental shelf is ‘blanketed with

- quartz sand, with varying proporuons of heavy minerals.
" In contrast‘ the sediments. of ‘the outer shelf regions.

caloareous,,

aurashtra coastto-Goa are, dominated ‘by. .-
sand \'vthh is: poor..inquartz -and: heavy:
mmerals’:*Recently the NIO has discovered ‘an offshore’ :

~ PHOSPHORITE

e MEMT£

¢ RATNAGIRI

. QUARTZ SAND’
“._HEAVY ' MINERALS

MANGALORE

l"ig 2 Prmmsmxz ‘are

! mmeml dcpoaxts on the western “continental sheif of India, .

PHosrnomn:s »

Fa'vourdble condmons for . the occurrcncc of sedl-

as for e or.ﬂnon of” Lr'contohda«.ed

P S TR

E ments rich in phosohontc (calcium chlorapatite/celeium -

ﬁuorapamc) on the continental shelf are as follows:
©'" < (a)-The presence of an upwclhno area ihrough Much
:relam ely cold, phosphate and nitrate. rich: waters from:
' the, bouom layers of the oceans could. reach the. sur{accu
: ";laycrs, (b) the preseace of calcareous: ‘sediments-on- the .

"‘x-'f‘shclf 10: form auclei around whlch phosphansatlons

, V'swe dxluuon and bunal of the phosphate-rich s sediments -
" These conditions have: been shown to occur on th
western shelf and further evidence is. available as to th:

. other types of sediments merits further investigationj’
.. The areas, suggested for phosphontc exploration are o},
. the Saurashtra ‘coast and on, ‘the’ shclf beiween Goa ez}
‘Mangalore (T ig. 2) v : v

: ‘QUARTZ SA\D AT\D cu_cmLous SAND

.. These sedxments are of recent orlgm and have lovv ce
p bonaxc contcnt Some of these deposxts may have to

“of urbanization may soon lead to acuie Shul‘fdz,u of sax
. “coming from'inland’ areas. Howcvur, the’ removal
" 'sand from the beaches crcates the problem of bcach
- sion'and scveral areas of our coastline have teen &

" versely affected. Removal of sand had led to severe ex

- of inhabitants.. It is, therefore, necessary that the's
ed by the replenishment of another type of sand and :

- this purpose offshore sand deposns ma) have to‘

: of various.organisms, are found in large areas of i

" oft Bombay, it increases to 909% by weight. Bulk &

- of :about.50,000 sq. km. Their purity favours thei
" ploitation while the depthof water (60-90 meires)
‘ ;- the distance from the coast which is about 100 k‘n ix
a‘constraint in tlmr.mm-n" ' '

. mmeral Tesources which would help in placing

o cation .has:been ‘diagrammatically shown in Fl“.

!

cxistence of phosphatised oolites and algal fragmeni
from the outer shelf. However, a greater cnrichment ¢
hosphate in- the carbcnate. sediments, in relation &

:-‘A larﬂc part of the commental shelf . <end1mentr
from “Goa“'to . Cape Comorm mcludc -quartz _san

expioned in future 10 meet 1he growing necds of cor ;
ruction work i in our coastal towns vihere fast cxl,.mb. :

sion endangering -the" lives- and property of thousaé

moval of one typc of sand from an area may be follos

dumped on the shore.
. Calcareous material, in the form of oolites and shﬁ

"northern part of the outer continental shelf. The ¢
reous material constitutes 60% to 70% by weightin’
sediment and in certain areas of the Fifty Fathom F

lysis of-these carbonates’ l"ldlCdtCS that they contcu..
insoluble residue of less then 1.59%: They are thuse:
nently:suitable for the chemical mduslry Their o
-rence as unconsolidated deposits extends over an.i

&

The cmstence of a useful mmeral on the 58 b‘x
Jlarge quantmes does not ncc»ssamly mean “that i ity
be easy to ‘exploit. The recovery of a mineral du[x
on the devclopmem of a tcchnolo ey which is econ
cally feasible! McKclvey (t968) has classified

. rmneral in a proper economic perspective. This <)
cani be scen from ‘the’ Figure, the classi ﬁcanon
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KNOWN e UNDISCOVERED ‘ -.The mining activity mzy affect the cceanic environ-:.:
ment either -favourably -or- adversely.: Gerard; (?.976);;-_

gwes the following effects of mining:- ;- : i
(a) D,lerbanc., or desLn ction of b»mh.c o'g:r.lsn*

PROBABLE POSSIBLE f '

‘ e i e

oy

b

-_,“(b) Resetr]emem of st Jrnc.-up sedjm cr[ and possitle”

RESERVES - B IR . destruction of such be::tmc anim® vhich may’

‘ | 07" “have ' very slow reproictive cycie. s

'['_ — j' — 7 7. W) Change in the ‘cr;cmwtrz of boticm Yater as the :
L C < o water may retzin -in ‘solution the - ‘1p0hnds

‘ RESOURCES RS . - leached out from the rccowred seGiment, o
_(_ Co + SRS _+_~ I (d) An increase of dissolved nutrients.in the water

’ . R N . resulting in increased biological produstivity in

- the euphotic zone.

B '\3) A change in the light pencwauou of surface’
- waters because of turbidity S

feati reseryos and 1esources as given by S LT o e
+ Clnsseation Ofckd»?:) {1968).- ¢ Lo It ls “therefore, necessa Ty that o‘.sehnv envivonmental -

i : conditions must be studied before any mining operation,
rcsit progressively Chan’-'cs with C\Plolﬂtlon deveIop .~....small or large, is undertaken. Roels (1974) has proposed -
a of technology and economic conditions. Recover- - - the following systemalic plan to be fouo,‘:'ﬂa for c‘ef-p-
¢ resources from marketable materials wl.lch could | geq mining of manganese nodules:
2 uzsed under Jocally prevailing economic and techno- 1
1 conditions. Resources close to the sheres'are:
ising because they can be exploited at a cost about
times zreater-than the prevailing rates. The resour-

which can be rwovernd at a cost higher than 1.5 ‘ Y
mes the prevailing rates are also important because. : . - 3. Documentations of- C'lc_m‘"’s caused in benthic dn .
ih the development of cheaper technology it would . " . - pelagic ecosystems: by decp-sea mining and e:\'alllua-f
¢ possible to exploit them in the immediate future. tion of theiy implication in reldtion to current of

. Establishment of baseline conditions in the pjteni <
" tial mining areas.

2. Environmental monitering of pilot and/or full-
scale mining operations. :

. , 4 . . potential marine resources,
ving methods for unconsolidated surficial deposits 4 Tchommendations on the ‘:'mg
smost Imporfant consideration in the exploitation ‘ the mining methods-and -equipme IS
tnconsolidated - surficial deposits is the overlying 5 Formuldtion of environmental cfiéc"iz'ré’:'fd’reéula
aer. In general the technology of marine miming i . fong for future minine operations 0 minimize
ically the technology of dredging and hence several - - harmful environmentai-cfiects. :

es of dredges such as bucket-ladder dredge, dragline
ypes of dredges such a ac sage, dragane .. The, plan suggested by Roels (1974) for ‘manganess
:dge, wireline clam shell, and nydrauhc cutter ‘suc--..: .
, R nodulcs is just.as a applicable 10 the minizc g operation
wn dredge have been developed. Dredging opcratxons
w. ;. in the. shallower. areas of .the continental shelf and aﬂ.;
stallow waiers close to the shore ‘are’ relatively’ less " :
of The’; points ‘noted”abéve ars of immediate’ rele\:mce
ardous than those carried out in the,deeper waters. - ;
o . . . P  t6 India. The increasing activity in ofis} siore oil prodiuc:”;
Deep water operations require oceanographic data on- .
= tions and transpertation are often associated with oxl ;
Ve Characteristics, current directions- and m1gn1tude= L
2" spills, oil-well, blowouts and discharge of oil’ mto the sca
- bxo’onzcal and chermical charact erxsucs of water to
durmfr its transport. A mining opiration can come jnto™
re safety and c{ﬁcwncy
. confiict, for exampie, with the fishery opsratzcns aad ¥
.this particular point is of utmost importarce. to seve ral
areas in our country. .where a large: nxpori-ob ted.
prawn ﬁsherv s tmmm~ at orcsent L

ca!oglml xmpnc: of ofishore miring .

AT,

Extraction of any. type of mineral from- thc sea’bed;
volve the removal or r~d1str1bunon of sediments
¢ benthic organisms. "Resuspension of sediments" int, TR e
“waters close to the bottom and a marked increase in e : ~ Conclusion S R
urbidity of surface water are some of the environ- The geological information available for the western
atal problems of offshore mining because the mate- continental shelf clearly indicates that,’ apart from oil <
Ts' transported in hopper barges from the mlmno and gas, the offshore mining for heavy minérals, j*os-

to the storage site..” ... ... .- . phorxtcs quartz sand and calcareous sand’ has a great. :

WNDIAN MINING-1977. ANNUAL REVIEW



- phorites,’ their high cost per unit volume will soon lead
‘to an accelerated pace of exploration and exploitation.

- In India we have only made a beginning in offshore
‘mining and as morc and more knowledge becomes
“available about the geological wealth of our coastal
waters, offshorc mining will progressn'ely meet our fast
o cxpandma nccds for mmcrals
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