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Abstract

Marine geological studies in India date back to
the late nineteenth century. These related to changes
in sea level, studies of bottom samples (one of the
first descriptions of barium and phosphorite nodules
on the ocean fleor) and topography. Similar studics
were continued Jater by Indian Marine Survey
Steamers. The organisation of studics and rescarch
in marine sciences at the Andhra University, Indian
participation in the 1IIOE and later the cstablishment
of the National Institute of Oceanography conside-
rably enhanced the interest and facilities for oceano-
graphic rescarch in the country.

The studics in geomorphology included the inter-
pretation of profiles of the continental shelves. These
have now becn extended to the preparation of geo-
morphological map of thc western continental
margin. The studies on sediments  have led to the
recognition of relict sediments on both the eastern
and western shelves and subscquently the prepara-
tion of a bottom scdiment map of the seas bordering
India. Dating of thc sediments from the relict
zones and raised beaches have indicated lowered sca
level at about 9,090 to 11,000 BP and higher levels
at 6,000, 30,000 and 120,000. Considerable work
has been carried out on geochemistry, the distribu-
tion of phosphate. organic matier and metals
in the sediments and their partition patterns leading
to the demarcation of zones of enrichment and con-
éentration. In micropalcontology, most of the wark
has been carried on the taxonomy of foramini-
fera, and only a beginning has becn made in studies
of naanofossils and ostracoda. Explorations for

offshorv minerals have indicated the extension off-
shore of heavy mineral placer deposits on the western
shelf and large deposits of calcareous sands in the
Laccadive lagoans. Studies on  the samples of the
Deep Sea Drilling Projcct (Site 219) have indicated
that the lower part of the sequence (Palacocene-
Eocene), ie. unit 5 is dominantly volcanic.

The national capability for marine gcological
work will be considerably enhanced when the new
ship R}V Gaveshani of the National Institute of
Occanography is available by the middle of 1975.
The National Institute of Occanography has drawn
a programme of traversing the cntire continental
shelf and slope of the country at a uniform spacing
and collection and samples on a grid pattern.

Introduction

The first works in marine geology in India
date back to thc last dccades of the 19th
century when geologists in the Geological
Survey of India, analysed the ocean bottom
samples (these included the descriptions of
barium and phosphate concretions) collec-
ted by IMS Invesrigutor and studied the
changes in sea level in coastal areas. R. B. S
SEWELL, (1925-1937) Surgeon Superintendent
of IMS  Investigator studied the bottom
samples and topography of the Bay of
Bengal and Arabian Sea. In 1952 Andhra
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University  started teaching and research
in marine sciences including marine geology.
The International Indian  Ocean Expedi-
tion accelerated the tempo of marine -
research and surveys in the country and a
number of organisations increased their
efforts in this field. The Government of
India formed the Indian National Committee
on Oceanic. Research and the Indian Ocean
Expedition Directorate was cstablished under
the Council of Scientific and Industrial
Research fo coordinate the activities of
various organizations for the Indian Occan
Expedition. In 1966 the Directorate was
re-designated as the National Tnstitute’ of
Oceanography. The article'reviews the work
carried out in marine geology in India,
particularly emphasising the recent deve-
fopments. -

Cruises

In the absence of specially equipped
vessels marine geological cruises have beep
carried out on naval or chartered vessels.
These led to widely differing spacing of
tracks and density of sampling (Fig. 1).
It would be of interest to review the plam’xi_r'l_g‘ ’
and organisation of these cruises as these
form the basis for the interpretation and
analyses of the data and samples collected.
The earlier work in the nineteenth century
was unavoidably based on stray samples.
The work on the topography and sediments
of the Bay of Bengal and Arabian Sea were
~ carried out by SEwELL (1925-1937) on IMS
Investigator and the Jocation of the samples
indicate a regular spacing and sufficient
density for a regional investigation. An-
dhra University used naval ships for samp-
ling and surveys; these covered a large
area extending from Madras to the Swatch
of No Ground but most of the sampling
was carried out on a random pattern resulting
in a concentration of samples in the vicinity
of Visakhapatnam and a sparse distribution
in other areas. During the International
Indian Ocean Expedition, geological work
was carried-out during,the 17th, 18th, 26th,

27th and 28th criises of INS Kistna.
Transects normal to the coast, were covered
in some of the cruises; thess gave a fair
idea of regional variations in topography
and sediments on the continental margin.

In the late 1960's the Geological Survey
of India adopted a grid pattern and used
this for surveys at the head of the Bay of
Bengal, but off eastern Andamans due to
some limitations random sampling was fol-
lowed. For detailed mineral exploration
in the Laccadive Islands the sampling and
surveys were carried out on a close grid
pattern on a scale of 1:5000 and 1:10,000.
During the INS Darshak Oceanographic
Expedition 1973-74 a grid of 15 miles was

_used.

Geomorphology

Coast : BLANFORD (in Ormston) 1878
noted that the submerged forest in Bombay
indicates a depression or alternately a de-
pression and elevation in recent times.
Foore (1880) noted recent marine beds
inland along the east coast and appreciated
that the growth of the delta is not faster
due to currents. VREDENBERG (1904) des-
cribed the occurrence of oysters in (-1.5 m)
Calcutta and stated that these could not
have flourished much above the low water
mark. The important contribution in this
field has been the publication of AHMED’S
(1972) text book on Geomorphology. The
text book based on compilation of eailier
work will be an useful reference material.
The Indian Institute of Photo  Interpre-
tation and the National Institute of Ocea-
nography have recently prepared a geo-
morphological map of the Goa coast based
on aerial photographs and  subsequent
ground check. The studies indicate well
defined sub-recent terraces with beach rock
and conglomerate beds at heights of 5-40 m
respectively.. These appear to have been
formed by a combination of changes in sea
level and local movements. The NIO is
now extending these studies to earlier aerial
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photos, some of these dating back to-late
1930 to decipher the recent changes in coast-
line and offshore features.

Geomorphology of the shelf and slope :
CARPENTER (1885) and THORPE (1905) des-
cribed the topography of the Swatch of
No Ground. The former compared the
data with the maps of ‘the preceding. 40
vears and concluded that the banks have
extended further south. MaLLer (1887)
showed that the Barren lsland volcano
rises from a depth of about 1600 metres
and is surrounded by a mass of volcanic
ejecta. - OLDHAM (1895) described the topo-
graphy of the Arabian sea in the ncighbour-
hood of the Laccadives. SewgLL (1925,
1935} described the topography of the
Andaman Sea, Bay of Bengal and the Ara-
bian Sea. He stated that the Andaman
sea comprises number of small basins, the
ridge has a complicated topography and
traced the evolution of the islands ~ from
anticlinal folds and from the gradual sinking
of the basins to the east and west. SEWELL
(1935) marked that the eastern flanks of the
J.accadive ridge are steeper than the wes-
tern and the ridge represents part of the land
mass faulted down the west coast of India,
Rao (1964) described the topography of
some parts of the Bay of Bengal. According
to La Foxp (1954), KUKUTESWAR RaO
and LA Fonp (1957)-the continental shelf
ofl Waltair is about 62 km wide, has a slope
of 5 and a depth at the outer edge of about
200 metres. SuBBA RA0.  VENKATRATNAM
and CHANDRA (1967) and SuBea Rao (1971)
reported that some of the canyons between
Visakhapatnam and Madras are - older
while the others originated during Pleistocene
and have been maintained sincc then by
slumps, density flows and slow creeps. SETTY
(1964) described the submarine canyons
off Madras, Porto Novo and Pondicherry
subsequently. VARADACHARI: NaiR  and
MURTHY (1967) state that the Pondicherry
canyon- has a maximum depth of about
580 fathoms and the Palar about 700 fathoms.
Nair (1972) noted small scale irregularities

on the outer western shelf and concluded
that these are algal and oolite ridges formed
during Holocene. SIDDIQUIE and RaJa-
MANICKAM (1974) indicate that on the
western shelf the shelf break occurs between
120-145 metres. Theyv. divided the conti-
nental shelf into regions of smooth (practi-
cally no variation), uneven (about 5 m) and
rugged (upto 20 m) topography. The
smooth topography on the Kathiawar shelf
and on the inner shelf of Bombay has
probably due to the deposition of recent
sediments brought down by the Indus
arlfi Cambay rivers. The rugged topo-
graphy on thc outer shelf appears to be
rclict of the period of lowered sea level
and subsequently the area remained outside
the influence of the Cambay and Indus
sediments. The NIO is now preparing
geomorphological map of the western con-
tinental shelf and slope. SippiQuUIE (1973)
described the geomorphology of the Lacca-
dive Islands. The roughly elliptical atolls
are aligned NNW-SSE and NW-SE and
most of these have “storm beaches” formed
by cyclones on the cast and lagoon on the
west. The lagoons vary considerably in
size—the smallest is about a km~ and the
largest 130 km?. The larger lagoons have a
complex topography. the central part of the
lagoon is usually deep and encumbered
with numerous coral knolls. This is bor-
dered by shallow sand  banks on reef
margin. The development of banks is
dependent on the abscnce of openings in
the recf. The first break in the profile of
the seaward reef occurs at about 4-8 m
followed by a number of terraces at 7-12
15, 21-36 (prominent) and 43-47 m. The
prominent terrace at 21-36 m is equivalent
to the 10-fathom terrace reporied from
other atolls.

Mud banks and mud volcanoes :  KING
(1884) and OinpHam (1884) explained that
the mud banks and their smoothening eftect
may be due to the discharge of mud from
land, presence. of oilv matter derived from
the tertiaries and currents carrying mud.
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PuiLLips (1890) related the mud banks to
mud volcanoes and churning of mud by
waves and its carrying in suspension by
currents. It is interesting to note that
recent work supports some of these ex-
planations (SEsHAPPA, 1953; NAIR, MUR-
THY and VARADACHARI, 1966). Jacos and
Qasim (1974) reported that the mud in
mud banks ranges from 1to 300 # and con-
tains high carbon and phosphorus. COGGIN
Brown (1908, 1930) observed that the
submerged mud volcanoes and eruptions
are situated along a N-S alignment in the
shallow offshore areas of Arakans. There
is no connection with volcanoes  or seis-
micity but the alignment indicates a weak
zone and shock may facilitate release of
pressure,

Sediments
SURFACE SEDIMENTS

Beach sediments : PRASAD Rao and La
Fonp (1954) and La FonD and PRrASAD
RA0, (1954) studied the annual cycle of sea
level variation and beach erosion, MAHA-
DEVAN and PrRasaDa Rao(1958) the evolution,
SusBA Ra0 and MADHUSUDANA Rao (1970)
the sedimentation during a single tidal
cycle and VIAYAN,  ASWATHANARAYANA
and MAHADEVAN (1960) the sediment move-
ment, on the beach at Waltair. They
observed that the foreshore is eroded during
the spring tide and the eroded sand depo-
sited on the lower fore and offshore. The
cycle is completed during neap tides when
the sand returns to the sea approximately
to its former level. The construction of a
break water disturbed the equilibrium and
thereby started a new phase in beach evolu-
tion. MURTHY, NAIR, PYLEE and VARADA-
CHARI (1966) observed a similar cycle on
the west coast at Cochin. AROGYASWAMI
(1955, 1958, 1962) described the formation
of cross current ripples and Eolian sedi-
mentary features and occurrence of trap
pebbles on Karikal beach. He suspected
the occurrence of basaltic rock within the

by longshore currents.

rcach of storm waves. SIDDIQUIE (1966)

stated . the predominance of sillimanite in

the heavy minerals of dune sand of Balasore
and concluded that the sands have been
transported from the Mahanadi delta
Kipwai (1971)
brought out textural differences between
dune and beach sands of Miramar. VEE-
RAYYA (1972) and VEFRAYYA and VARADA-
cHaRrl (1975) from the studics of beach and
dune sands at Calangute, indicated (i)
distinct seasonal variations at all sections in
statistical parameters which are confirmed
by student’s ‘t’ test also and (1i) student’s ‘’
test and bivariate plots reveal significant
difference in sediments of different environ-
ments.

BOrRrEswAR. Rao and LA Foxp (1956,
1958) discussed the process of sand sorting
and heavy mineral concentration on the
east coast beaches. According to them the
heavy minerals arc deposited on the northern
side of the river confluence. MAHADEVAN
and SrIRAMDAS (1954) and BorRRESWAR Rao
(1957) concluded that due to greater wave
height and consequent greater retrogression
of the beach, removal of light sands takes
place resulting in the concentration of black
sand. Thus deposits of black sand are
formed during storms in the Bay of Bengal
which generate high waves. ASWATHA-
NARAYANA (1964) concluded that the for-
mation of heavy mineral beach sand deposits
of the south-west coast of India is the
consequence of cumulative operation of litho-
logy, structure, weathering and erosion of
geological formations, geomorphic history
and sea level oscillations etc.

Coastal erosion, deposition and sediment
moverment :  MAHADEVAN and PRasAn Rao
(1956, 1958), La Fonp (1956), and Mana-
DEVAN (1957) studied the growth of sand
bars and spits at the mouth of Godavari,
the development of the Kakinada Bay and
erosion at Uppada. The Godavari spit
non-existent a 100 years back is now a full-
fledged sand spit. The growth of the spit
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has been the result of increased supply of
sediments due to deforestation in the Goda-
vari Basin. OLDHAM (1903) noted that the
sand hills at Chifton, Karachi are related to
.the dredging in the harbour and disposal of
the dredged material.. MAHADEVAN and
ANJANEYULU (1954) concludzd that a good
part of the dredg:d material in the Visakha-
patnam harbour mdves shoreward by wave
action and currents. "VEERAYYA, MURTY and
VARADACHARI (1973) in their studies of ariifi-
cially dumpzd material on ths Baina bzach
observed that if any foreign material with
different textural characteristics is introduced
on the baach it doss not affect mors ap-
preciably. :

KArRUNAKARAN and SIDDIQUIE (1966) re-
viewed the petrological methods for the
study of movement of near coastal sedi-
ments and stated that regional patterns of
sediment drift over a long period are better
studied minerzlogically subject to the avai-
lability of a suitable tracer. SIDDIQUIE
and SRIVASTAVA (1970) evolved a technique
using Rodamine B-500. Necol clear varnish
and Duco thinner for coating sand. The
method avoids inflammable liquids and
baking at high temperatures and is not only
simpler but also cheaper than the earlier
methods. Srivastava (1969) evolved a
mechanism for releasing tracers at the sedi-
sent  water interface. SIDDIQUIE, Sri-
vasTAVA and VENKATESH (1969), SRIVASTAVA
and VENKATESH (1969), SRivasTava (1969),
VENKATESH (1969), SinDIQUIE and SRIvVASTAVA
(1970), CHATTERIEE, SIDDIQUIE, SRIVASTAVA
(1970, carried out a number of tracer investi-
gations and deciphered the direction of
sediment movenent at Haldia, Mangalore,
Paradeep, Tuticorin and the Kavarati lagoon.
NAIR, VARMA and PviLEe (1972) carried out
similar studies at Moplah Bay.

Ocean bottom and shelf sediments : JONES
(1887, 1888) described the barium nodules
collected by IMS Investigror in a traw] off
Colombo, while TippErR (1911) - described
the  phosphorite  concretions - dredged

from the Andaman Sea. - CHATTERIEE (1927)
analyssd samples of green mud from
the Laccadive sea and the Bay of Bzngal.
SeweLL (1925,:1935) dascribzd the topo-
graphy and bottom sedim:nts of the Bay
of Bengal and the Arabian Sca.

SiDDIQUIE (1967) stated that largs area of
Bay of Bengal is covered by clay; sand,
silt and silty clay are confined to a narrow
margin along the coast, exczpt in the Ganges-
Brahmaputra delta where silt occupies a
wide area and off the west Andaman
coast where silty clay covers a large area.
Foraminifera and calcareous fragments in-
crease in the central and south-eastern
parts of th: Bay leading to a high calcium
carbonate content in the area. The distri-
bution pattern of different heavy minerals
definzs a number of terrigenous minera-
logicil provinces. Illite, kaolinite and mont-
mori'lonite are the prominent clay minerals
with minor amount of mixed layer niinerale
and chlorite.

MABADEVAN  (1954), POORNACHANDRA
Rao and MAHADEVAN (1955), MAHADEVAN
(1956), La Fonp (1957). POORNACHANDRA
RAO (1957}, Rao and MAHADEVAN (1959),
and POORNACHANDRA Rao (1964), sum-
marissd the work carried out by the Andhra
University in marine geology. Ths study
was based on 500 samples of bottom sedi-
ments from the castern shelf of India ex-
tendiag from th: Ganga delta to Madras.
The i nportat results were : (1) the delinea-
tion of the <hs!f off Visakhapatnam into 5
zones. ie., sand zone, clay zone, shell zone,
oolite zone and the mud zone bevond the
continental shelf, (2) occurrences ol coarse
sediments and oolites on the outer shelt and
their association with shallow water ben-
thonic foraminifera, (3) presence of black
sand concentrates in the inshore sediments.
Sussa Ra0 (1964) delineated carbonate
sediments between Puri and Kakinada and
stated that the oolites and foraminiferal
shells were -deposited when the sea level
was lower, i.e., during the Pleistocene glacia-
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tion.~ MURTHY and RaO’s (1971} studies
of CM patterns also indicate - differences
in the sediments of the two zones. Rao
and MuURTHY (1968) ‘traced the extension
of this oolitic zone and’ associated shallow
water benthonic forams on the outer shelf
off Madras: Namr and PYLEE {1968) and
Nair  (1969). demarcated a similar relict
zone with partly phosphatised oolites on
the outer western continental shelf. Nar
(197!) reported that the fifty fathoms flat
off. Bombay has exposures of (beach rock
lime)  oolitic limestone. MAHADEVAN and
Susea Rao (1955) and Susea Rao
(1956) studied sediments of the Kalinga-
patnam~Gopalpur area and -divided the
shell sediments based on grain size and
carbonate' content ‘and observed that' the
shell content increascs outwards and sand
décreases. -The silty $ands with significant
amounis of biotite were derived from the
Vamsadhara and Langalya rivers. SEETA-
RAMASWAMY (1968}  described the sedi-
ments of the Kistna delta and - Nizampatnam
Bay. MaLLIK (1965, 1968) and VENKATA-
RATNAM (1968) studied the heavy minerals
in the castern shelf sediments  betwecen the
Godavari and ‘Kistna deltas and indicated
that opaque sillimanite. garnet, zircon,
hornblende and hypersthene are the pre-
dominant heavy minerals. SETTY and
RajaMANICKRAM'S (1972) studies of heavy
minerals- of shelf sediments off Madras
indicate thesc to be characteristic of - char-
nockitic source.  They interpreted the abun-
dance of unstable minerals like hornblende
and augite at depths of 50 and 131 m and
lower values further deeper as indicative
of rise and f(dll of sea levels. SiDIOUIE
and MaLnix (1972) studied the heavy mine-
rals of two different fractions of a number
of samples from the shelf off Mangalore
and suggested southerly, south-westerly and
westerly directions of mincral dispersal. On
further trendsurface analyses (linear, quad-
fatic "and cubic), they concluded that the
mineral distribution and therefore-the trends
are controlled by source, river flow,- clr-
Tents and behaviour of mineral to processes

and “suggested ‘a process response model.
According to MaLuk (1972) the opaque
minerals * of the shelf sediment in this
are magnetite, ilmenite, goethite-lepidocro-
site, rutile ‘and pyrite, off which pyrite is
authigenic and occurs in the clay zones at
6-7 m depth.

DTA of clays from the deltaic region of
Krishna and Godavari rivers carried out by
SASTRY, POORNACHANDRA Ra0 and Mana-
DEVAN (1958) show that the clays in the
Godavari delta are mainly montmorillonite,
illite and kaolinite whilé those in the Krishna
delta are montmorillonite. Namu (1966)
noted that Na-montmorillonite is dominant
in swampy areas but kaolinite is encountered
in fresh waters. Sussa Rao’s (1963) stu-
dies of -clay minerals in the ecastern shelf
sediments:show that thesc are mainly illite,
kaolinite and montmorillonite. Swamy,
PrasapA Rao and Rao (1971) report that
montmorillonite is the dominant mineral
in the modern deltaic sediments of the
Kistna. Nair and Murtny (1968) indi-
cate kaolinite is the dominant clay mineral
in mud banks with minor amounts of mont-
morillonite and illite.

Geochemistry

SESHAPPA (1953) studied the distribution
of - interstitial (7-46 ppm) and adsorbed
(4-80! ppm) phosphate and phosphorus in
samples of mud near Calicut in difterent
seasons and suggested that the adsorbed
phosphate has been derived from the Mala-
bar laterites. SESHAPPA and JAYARAMAN
(1956) studied the composition of bottom
mud in’ relation to the phosphate cycle in
the ‘inshore waters of the Malabar. The
total phosphorus (600 to 2000 pMg/g) has
seasonal trends and is highest in the mon-
soon period, possibly due to the rapid release
of phosphate in the overlying waters and
large scale mortality of bottom ' animals.

"SHENOY ' (1960) " observed an - increase of

phosphate in northern and western parts

-and’ decréase in the other areas ‘of the Kaki-
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nada -Bay and concluded that the.enrich-
ment. in the overlying waters is not signi-
ficant. MOURTHY and ReDDY (1968) observed
that the shelf sediments in the.region bet-
ween Swatch of No Ground and Chilka Lake
are uniformly rich in their phosphorus
content while the sediments in the region
between Masulipatam and Pulikkat Lake
are uniformly poor. MURTHY, REDDY and
VARADACHARL (1968) studied the distribu-
tion of phosphate in the western shelf sedi-
ments in 5 sections normal to the coasts.
(Bombay, Karwar, Mangalore, Cochin and
Aleppey) and found that.the sediments of
Kerala coast are comparatively richer in
phosphate than in other areas. SIDDIQUIE
and CHOwDHURY (1968) observed that the
phosphate content in the shelf sediments
off Mangalore and Bombay is related to the
color and size of clays and suggested that
upwelling and mass mortality better ex-
plains the higher content than derivation
from laterites. RaMA MURTY, SESHA Rao
and POORNACHANDRA Rao (1971) reported
that in the eastern Bay of Bengal sediments,
phosphorus increases southwards and re-
Jated this to high productivity and lack of
terrigenous  matter.

SusBa Rao and MAHADEVAN (1957) and-

SussA Rao (1958) indicated that only on the
outer shelf off Madras and Kakinada the
sediments may be classified as carbonate
sediments (>>50%  CaCO;). The maxi-
mum spread is off Visakhapatnam where
calcium carbonate increases from 5 per cent
near shore to 75-80 per cent ata depth of
60 fathoms.

SuBBA RAO’S (1960) studies indicate that
the fine grained sediments of the eastern
shelf are richer in organic matter than the
coarser ones. The organic matter content
is lower than the world average due to low
plankton production and dilution of humus
by inorganic  detritus. VENKATARATNAM
(1968) showed that organic .carbon in the
clays increases with depth and its dis-
tribution depends on the texture of . the

sediments and rates of organic. production.
MurTHY, REDDY and VARADACHARI (1969)
state that on the western. shelf, the inner
shelf and the continental slope sediments
are characterised by a higher content of
organic matter compared to a lower con-
tent in sediments of the intervening areas.
Kipwar and Nair (1972) observed that the
distribution of .organic matter. in. the shelf
has a terrigenous and carbenate sedimentary
facizs. SerTy and Rao (1972) suggest a
closz relationship in the distribution  of
phosphate, carbonate and organic matter
in sediment cores off Bombay-Saurashira
and the area is probably a favourable locale
for formation of phosphate. RAJAMANI-
ckaM and SetTy (1973) report a. concen-
tration of 0.5-5% P,O, and a direct rela-
tionship with organic casbon in the sedi-
ments off Goa. This they relate to the
largz supply of terrigenous apatite brought
by rivers and organic productivity etc.
GanGLLy and others (1972) observed that
organic matter solubilises trace elements;
adsorption of Zn, Mn and Co by a coastal
marine sediment is 3-30 times higher than
by the same sediment freed of organic
matter, whereas adsorption of alkali and
alkaiine earth clements did not show any
difference. The above authors also observed
that humus contains a large number of
trac: elements in ash, and alkali and alkaline
earth elements such as Sr, Ba, Ra are picked
up in exchangeable cationic and non-ca-
tionic forms while trivalent and heavy
elements are in complex combination mostly
in non-cationic forms in the humic acid.

According to SuBRA RaO (1962) the
manganese content of sediments (0:018-
0.108 %) on the eastern shelf decreases sea-
ward and away from the coast. DurGA
Prasap Rao and POORNA CHANDRA RaO
(1971) studied the distribution of Fe, Ti,
Mn, Na and K and concluded that. Mn is
incorporated in the sediments by adsorp-
tion and precipitation. NAIDU, KRISHNA

_Rao and BORRESWARA Rao (1967) con-
_cluded that Mn is being fixed in clay-sized
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sediments of the Godavari delta” as ferri-
manganic hydrate and decreasein Mn with
increase of organic matter may be related
to a progressive fall in oxidation potential.
Mur1HY, Rao and RepDY (1968) studied
the distribution of manganese on the wes-
tern shelf and observed a similar seaward
decrease but reported a slight enrichment
n the slope sediments which may be due to
volcanism, chemical precipitation or biolo-
gical extraction. DURGA Prasab  Rao,
RaMaMURTY and POORNACHANDRA  Rao
(1970) studied the distribution in the sedi-
ments of the eastern part of the Bay of
Bengal and concluded that in the distribution
of manganese the amount of river  dis-
charge played a more important role than the
prevailing epvironment.  KRISHNASWAMY
(1972) analysed the possibility of using Mn
nodules for studving the rates of authigenic
removal ‘of tracc clements to the ocean
fioor.

VENKATARATNAM and Titaxk (1968) re-

ported a comparatively higher content of
Cu, Ni (particularly in the dark green clays)
and Co in the sediments of Visakhapatnam
region than other arcas on eastern shelf.
MurTtny, Rao and Reppy (1970) report
that the fine grained sediments in the inner
shelf and those on the slope contain higizr
nickel than the sediments of the outer shelf.
Nickel co-varies with manganese and iron
and a ncgative relationship is noticed bet-
ween nickel, calciim carbonate and depth.
GOGATE, SASTRY, KRISHNAMURTY and Vis-
WANATHAN’S (1970) stndies show that sedi-
ments with high potassium show higher
values of marganese, calcium, cobalt, zing,
and copper which indicates that the clements
are associated with a potassium bearing
clay rather than carbonate. SITARAMA-
swaMy and MADHUSUDANA Rao’s (1971)
studies indicate that in the recent sediments
of Kisina delta the boron content increases
from fresh water to estuarine and offshore
region. Rao, Murthy and RepDY (1972)
observed a higher titanium content in the
inner shelf and southern western shell” sedi-

"Ga and Pb are

ments and a general decrease towards the
slope which they related to dominant
lithogenous contribution. MURTHY, - RAO
and Rebpy (1972), Rao, MURTHY and
Repny (1974) studied the partition of iron,
manganese, nickel, cobalt and copper in the
shelf sediments. They indicated that (i) con-
centration of elements in the total sedi-
sent samples of inner shelf region as well
as their lithogenous and non-lithogenous
fractions are rclatively higher than those

-associated with their counterparts on the

outer shelf and slope regions, and (ii) contri-
butions made by the lithogenous fraction
to the concentrations in the total sediment
sample in the inner shelf region are higher
than those ins the outer shelf and slope region.
Copper was found to have both a litho-
genous and non-lithogenous component in
the sediments. DURGA PrasAD Rao and
POORNACHANDRA Ra0 (1973) indicate the
abundance of meet trace elements in the
inner shelf sediments compared to the
outer shell suggesting different rates ot
detrital supplics of trace clements - to
the two arcas. The trace elemenis in
the shell clays are primarily derived
from the source detrital material. The
concentration of Ge, Sn and to a lzsser extent
influenced by co-preci-
pitation or absorption by organic maiter.

Radioactivity :  According to Mana-
DEvAN and ASWATHANARAYANA (1954) and
Mahadevan, Sastry and Aswathanarayana
(1957) low radioactivity in the shelf sedi-
ments generally corresponds to a high car-
bonate contert and the deltaic sediments of
the Ganga and the Mahanadi show higher
radioactivity than the Godavari and Pennar
sediments. The radioactive content s
rclated to the mineralogy and environ-
mental conditions.  SRIKUMARAN  (1964)
studied the distribution of uranium (1.3-3.1
microgram/gram dry weight of sediments)
in the sediments of the western shelf.  Gross
alpha radioactivity determinations indicated
the existerce "of radioactive non-equili-
brium between uranium-thorium and their
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daughter products.

Chronology : PETERS (1955) suggested
the possibility of using cosmic ray produced
isotope Be'® for dating and subsequzntly
KHARKAR, LAL, NARASAPPAYYA and PETERS
(1957) reviewed the Be,, method for dating
occan sediments. LAcr ez al. (1960) detected
the presence of Siy, in the spicules from
silicious sponges. GOEL, KHARKAR, LAL,
NARASAPPAYYA, PriErs and YATIRAJAM,
(1957) studicd the distribution of Be,, in 2
15m core of sediments from the Pacific and
gave a sedimentation rate of .5 mm/100
years. KHARKAR (1964) studicd the distri-
bution of Be, and Si,, in sea water and
silicious sponges to determine rates of large
scale circulation and retes of sedinientation.
MOORE and KRisHNAswAMI (1972) described
R¥%Pb™* methods for measuring coral
growth rates; the former is applicable for
the last 30 vears and the latter for the last
100 years.

Napu (1968) reported a date of 10,800
%155 years BP for the oolite occurring at a
depth of 70 fathoms off the east coast. The
deposition of recent deltaic sediments of the
Godavari river was initiated around this
period. Rao (1968) indicated a data 6,120%
110 to  5,470=115 BP for the mud flats on
which the rich heavy mineral sands of the
barrier beaches were deposited. Based on
C,. dating of Ostrea Virginea VENKATA-
RATNAM (1970) surmised that the Chilka
lake tegan forming about 3,7504250 years
BP. Nar (1974) reported an age of
9000-11,000 years BP for oolitic rocks from
the outer western continental shelf. The
sea level vs. depth curve for the western
continental shelf shows apparent but no
definitive similarities to global Holocene
sea level flucuations. Gupta (1972, 1974)
dated the unrecrystallised fossil corals occur-
ring at 2-6 m above the present mean low
tide level, on the Saurashtra coast (Western
India) by 230Th/234U and 234U/238U
mzthods.  The measured ages fall in three
groups of 6,000, 30,000 and 120,000 years

BP and represent high sea level strands in the
Holocene and. Quaternary.

Fauna

THeoBOLD (1872) stated that in raised
beaches O. cucullata may indicate elevation
from high water mark and creek oyster
from Jow water mark. SewreLL (1935)
studied the corals and coral formations in
Indian waters.  CHANDRA (1965) described
the bryozoan in the bottom sediments
collected from the eastern shelf. Sunna
Rao (1970) stated that the bryozoan popu-
Jation in the outer shelf indicate relict
admixture.

BHaT1iA (1936), BriaTia and BHALLA (1959)
and BHALLA (1968) described foraminifera
from ths beach samplcs of the western and
eastern coasts of India. The assemblags
on the west coast beach was regarded as
characteristic of Indio-Pacific types, while
the assemblage at Visakhapatnam includes
clements of both Indo-Pacific and East
African provinces and this was cxplained
as due to intermixing of waters of the two
regions. GHOSH (1966) described two species
of Asterorotalla wrispinosa from the Digha
beach. GNANAMUTHU (1943) and DaxNieL
(1949) described the foraminifera from
the Krusadi islands and reported 47 specics.
VENKATA Ra0o and SusBsa Rao (1971)
studicd the monthly variation in foramini-
feral population from a tidal estuary. Ka-
MESWARA Ra0 (1974) noted poor represen-
tation of living foraminifera in the lower
reaches of Mandovi and Zuari estuarics
and high species diversity in the Zuari
estuary. On the basis of living to total
population ratio, be suggs-ted a rapid rate
of sedimentation in the Mandovi and Zuari
estuaries. Gupta (1973) identified benthic
forams from the Kavarathi lagoon.

GANAPATI and SATHYAVATI (1938) studied
foraminifera from the shelf sediments off the
east coast of India, identified 65 genera and
100 species mainly belonging to the familics
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Rotalidae, Laginidae, Globigerinidae, Millio-
lidae and Buliminidae etc. GANAPATI and
Sarosint - (1959) studied  the ecology
of  foraminifera of the Visakhapatnam
coast. CHANDRA (1967) identified over 60
species of forams from easiern shelf sedi-
ments. SuBsA Rao and VEDANTAM (1968)
and VEpantamM and SuBsa Rao (1970,
1971) studeid the foraminifera in the castern
shelf sediments and inferred that the fauna
of outer shelf also contain shallow water
fauna of periods of lowercd sea levels. They
also compared the fauna in surface and in
cores to evaluate the extent of relict fauna
in the outer shelf sediments. BHATT (1969)
reported the occurrences “of cold water
planktonic foraminiferal species from the
outer shelf of the east coast which he ex-
plained as due to glacial advance during
the Pleistocene times and mixing due to the
occanic currents.

ALMEDA and  SerTY (1972) described
agglutinated foraminifera from the eastern
shelf and marked their particular abundance
in finz sands at depths of 55-74 m. SETTY
and ALMEIDA (1972) reported aberrant fora-
minifera from the eastern shelf.

KAMESWAR Rao (1970 and 1971) noted
similarities in the foraminifsral assemblage
of the Gulf of Cambay and thc north-
castern part of the Arabian Sea. SErTY
(1972, 1974) reported 22 species of plank-
tonic and 32 speccies of benthonic foramini-
fera from the shelf sediments of Kerala.
GUPTHA (1973) reported a mixture of recent
and relict foraminiferal fauna on the outer
shelf off Cochin. SETTY and GupTHA (1972)
identified Globigerina pachyderma in sedi-
ments off Karwar and Mangalore which
they infer as an indication of influx of
Antarctic cold water current.  Subse-
quently Serry (1974) discussed in detail the
occurrence of the different forms of this
species in the north Indian Ocean. KAMES-
WAR Rao (1972, 1973) compared tke fauna
of the Bay of Bengal and the Arabian Sea
and noted a diversity of species in Arabian

Sea which he attributed to increased salinity
which in the Arabian <ea, and explained the
mixing of high and middle latitude fauna due
to the influx of Antarctic cold water and also
to the sprcad of Red Sea water. ANTONY
(1968), CHATTERJEE, GURURAJA (1968),
SETHULAKSHMI AMMA (1958), described the
foraminifera from the various localities on
the western continenial shelf. GupTHA
(1974) initiated microscopic and elcctron
microscopic studies of nanno fossil in the
sediments from the eastern Arabian Sca.

Sub-surface geology

The above review shows that most of the
work on the marine geology of the conti-
nental shell and slope was bascd on grab
samples and short cores (about 5 m). These
samples are not more thana hundred
thousand years of the geological history of
the shelf out of an estimated 175 million years.
The lack of sub-surface data was in a large
measure also due to the absence of a geo-
physical survey and lack of exploratory
drilling on the continental shelf.  One of the
interesting features of the western continen-
tal margin has been the alignment of the
Laccadive Isiands and the likely continua-
tion of this trend on the shelf and the shicld.
The interpretations varied from geologist to
geologist  (KRISHNAN, 1956; EREMENKO,
1966; EREMENKO and  Darra, 1968;
HarRl NaraiN, Kaia and Varma, 1968).
LErRMENKO and Da1TA (1968) indicated that
the Indian shield extends as far west as the
Laccadive Islands and western slope of the
Laccadive ridge forms the transition between
the oceanic and continental crusts. During
Leg. 23 the DV Glomar Challenger drilled
(Site 219) north of the Minicoy Island ini the
92 channel. The site provides an interesting
opportunity to study the geological history
of this ridge (Initial reports of the Deep
Sea Drilling Project). The detailed mine-
rological, sedimentological and geochemical
studies of this 411 m sequence carried out at
the NIO (SippiQuie, MurTHY, REDDY,
RA0 and VEERAYYA,) are briefly reported
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here. The lower formations, i.e., the Pa-
lacocene and Eocene contain significant
amounts of volcanic tuff which probably
represents the early phases of Deccan trap
volcanic activity. Some of these tuffs occur-
ring with calcarcous sedimenis like micarb
chalk and oozes arc evidently re-worked,
while others are essentially tuffs directly
deposited. The heavy minerals in these
sediments arc hornblende, garnct, silli-
manite, kyanite and anatase indicating that
at least part of thc sediments have been
derived from mciamorphic rocks of the
Indian shield. The clay mincrals of the
sediments specially in the lower parts (Unit
4 and 5) almost entirely consist of montmo-
riilonite.  The occurrence of montmorillo-
- nite, voleunic tuffs and associated anatase
support a volcanic origin for the lower
part of the sequence. The western con-
tunental shell’ of India ic 4 well known
arca of upwclling but the analvses for
P, O, irdicete only low values excepting in
Core 26 in lower Focene. The occurrence
supporis the cxisicnce of upwelling in this
arca since at least the lower Focene but the
condition for formation of phosphate werce
ey fuvourable when the terrigenous sourcs
was out off, biogenic sedimentation was low
and the site was brietly at the continental
shel{ edge. The site started subsiding
m the lower ELocene and finally by the
cnd of Eocene, it was well in the deep
waters,  The distribution of other clements
indicate that  organic carbon has bee:
fairly uniformly disiributed  throughout
the entirc column, whilc Mn, Fe and Ti
increases appreciably in unit 5 in the volcanic
material.  The distribution of Fe and Ti
broadly follow the variation in detrital
material whilec Mn does not follow—indica-
ting a possible differcnt source.

Mineral Exploration

CHATTERIEE, KARUNAKARAN and Sippi-
Quir, (1968) presented 2 programme for
exploration of the continental margin of
India and an appraisal of the existing data.

ManapevaN  and  POORNACHANDRA Rao
(1953, 1955) discussed the economic poten-
tialities of the sediments of the east coast of
India, Nar (1971) reviewed the mincral
potentialities of the western shelf and con-
sidered the outer shelf favourable for occur-
rence of unconsolidated deposits.

Terrigenous deposits Occurrences  of
heavy mineral sands along the Kerala coast
arc the mo+t important and best known
(TippER, 1914: BrOwWN AND Dey, 1955).
In the black sands occurring in an areu ex-
tending from Quilon to Capc Camorine,
the deposit is estimated to contain 17 million
tonnes of ilmerite. 1 niillion tonncs of rutile,
1.2 million tonnes of zircon and 0. 12 million
tonncs of monazite. Similarly beach sand
deposits  with  varying proportions  of
monazite, ifmenite, zircon and garnet have
been described from the Ratnagiri (Knri-
sHNAN  and Roy, 1945; and Roy. 1938),
Tinnavalit, Ramnad and Tanjore districts
of Tamiinadu (Jacos. 1936), Visakhapatnam,
Yarada, Waltair, Bhimunipatnam arcas of
Andhra (MANADEVAN and SRIRAMDAS, 1954,
MaHADEVAN and RaO 1938; MAHADEVAN
and Ra0,1950) and the coastal areas of Qrissa
(cfcer. of GSI, 1949). The occurrence of
heavy mincral placers on the coast is the most
important clue for the scirch of submerged
placers in offshore arcas. PRABHAKAR Rao
(1968) reported the extension of seme of the
heavy mineral placers to shallow offshore
areas of Kecrala. Recent work at the No-
tional Institute of Occanography (SIDDIQUIE,
VICTOR RaJAMANICKAM and AIMEIDA, 1974)
has indicated that samples of sand from
offshore arcas of Ratnagiri show significant
cnrichment of ilmenite (1.7-9 per cent).

Biogenous deposits :  Deposits  of  sca
shells, corals and calcareous sands occurring
in coastal areas have been utilised on 2
small scale from carly historical tines for
making whitening and lime for local con-
struction of houses. The best known -de-
posits are in the Gulf of Kutch and in the
Vembanad Lake, Kerala. The present pro-
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duction from the deposits is about two
million tonnes. The deposit in the Vem-
banad Lake has a ressrve of 17 to 25 million
tonnes. Another 0.4 to 0.5 million tonnes of
lime shell are reported to occur in the Kada-
rundi and a million tonnes in the lower
reaches of Pullet and Thatapalli rivers.
SippiQuIE and MaLuk (1973) carried out
a detailed survey of the lagoons and shallow
offshore arecas of the Laccadive Islands.
The surveys indicated the ocourrence of
288 million tonnes of calcareous sands in
the lagoons to a depth of about 1 metre
below the lagoon floor. The inferred reser-
ves in some lagoons where no detailed
surveys could be carried out-arcof the order
of 423 million tonnes to a depth of 1 metre.
The reserves at greater depth are expected
to be many times more and the inferred
reserves in the lagoons between 1-2 metre
below the lagoon floor are about 712 million
tonnes. These sands arc of good quality
and contain low silica, alumina and iron.
Mgo is the only impurity and it is interesting
to note that the MgO content in the lagoon
sands is related to the proximity to the reef.
The sands can be utlised for cement, [ime,
glass, paper and cheinical industries.

Chemogenous  deposits :  The chemo-
genous deposits reported from the ocean
floor in the vicinity of the country are
barium nodules described by Jones (1887
and 1888) and phosphate nodules described
by Tipper (1911) off north-Andamans. Thare
is not likely to bc Jarge. interest in explo-
ration for barium nodules in the near future
because it is a low priced commodity. In
the Jate 1960’s a number of organizations
carried out sampling for phosphorites on
the continental shelf of the country, parti-
cularly in the vicinity of the reported occur-
rence of north-Andamans, but the results
have been ncgative. Mn-nodules cover a
large area in the Indian Ocean next only to
the Pacific. Mn nodules collected by Soviet
and United States research vessels from the
Indian Ocean were studied in detail by
SiopIQUIE and  others (being submitted).

The studies included microscopic, DTA.
X-Ray and analyses for major and minor
clements. In polished sections the nodules
show characteristic cclloidal texture around -
a central nucleus with intervening bzds of
gangue. Its texture is better defined in the
inner layers than the outer ones. The DTA
curves of the samples from different stations
and also from different parts of the nodules
are similar with an endothermic at 120-130".
With the increase in the rate of heating the
peak temperature also decreases and in
inert atmosphere the peak is delayed and
compressed. The curves arc similar to those
of delta MnO;.

Processing of data

KARUNAKARAN and SippiQUIE (1971) pre-
pared a format of an edge notched card for
marine geological data. Recently the Na-
tional Institute of Oceanography using the
earlier formats has processed the ship-
board geological data collected during
the INS Darshak 1973-74 cruises.

Synthesis of data

With the increase in work, there is a
considerable srope for synthesising of the
data and preparation of maps depisting
various geolcgical features of ocean floor.
SEwreLL (1925-1927) showed the sediment
distribution in the Bay of Bengal and the
Arabian Sea, on a small map. More
recently the Geological Survey of India
(SIDDIQUIE, SRIVASTAVA, MALLIK, VENKATESH
and Ray, 1972) compiled a bottom sedi-
ment map of the seas bordering India (1 : 2
million). The map shows bottom com-
position based on 15,000 bottom notatiors
from navigational charts substantiated by
description of 3,200 bottom samples. In
addition it also shows mineral occurrences
classified as terrigenous, biogenous and
chemogenous. The age of the sample with
the height and depth above or b2low sea
level and in case of cores the horizon has been
shown. The method of dating C4, Th213
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or U%* is also depicted. Besides depicting
the general distribution of szdiments, rock
and coral on sca floor the map brought out
the following interesting features: Occur-
rence of an extensive sand zone (Pleistocenc)
of relict sediments on the outer western shelf.
A similar zone of relict sediments is shown
on the eastern shelf but this has been largely
covered by clayey s=diments brought down
by the rivers. The extensive occurrence
of rock and corals on the western shelf
indicates low terrigenous sedimentation. The
occurrence of corals on the outer western
shelf and in some c¢ases the occurrence of
decayed coral indicates an - ancient recf
which probably thrived at a period of lowered
sea level. Possibly the reef acted as peri-
pheral sediment dam on the outer shelf.
Rao (1972) prepared an accompanying
map (I:5 million) showing the coastal
land forms of India.

With the expanding activities in.offshore
exploration and marine geology, it was
felt necessary that the scalcs and projections
for offshore geological maps should be
standardised. The Working Group on Off-
shore Mineral Exploration adopted a scale
of 1 : 1 million and 1:250.000 for regional
and detailed maps. Based on the inter-
pretation of the geology of land areas
KrisHNAN (1968) and Anmep (1968) dis-
cussed the evolution of the Indian coastline
and the origin of the Indian Ocean.
KRISHNAN (1968) concluded that the penin-
sula acquired its shape during the upper
Jurassic to Cretaceous. The separation of
India from Madagascar in the upper Creta-
ceous led to the intermingling of the Medi-
terranean and Indo-Pacific faunas. The
fracture which was responsible for this
separation apparently extended north to the
Gulf of Cambay and beyond in the early
Eocene. A marine regression in the Oligocene
was followed by a transgression in the
Miocene. The west coast was finally faulted
down in the late Pliocene with simultaneous
uplift of the southern part of the peninsula.
AHMED (1968) concluded that the earliest

break came in the Triassic in the SE Africa-
Tasmania-Victoria land region. It was
followed by a break of India-Australia-
Antarciica from Africa in the Cretaceous and
the former block soon started rotating anti-
clockwise; immediately after this, Australia-
Antarctica broke away from India.

Future

The above review has shown, though
marine geological work in India dates back
to the nineicenth century but the progress
has been slow and much remains to be done.
The main reason for the fack of progress
was the non-availability of suitably equipped
ships for marine geological work. Most
of the work was carried out from naval
ships or chartered vessels. With the acqui-
sition of a multi-disciplinary oceanographic
rescarch vessel by the National Institute of
Oceanography, the situation will change
fast. It is expected that with coordinated
efforts of a number of organizations in this
field a reconnaissancz of the geology of the
continental margin can be completed within
the next 4 to 5 years. The Institute’s re-
search vesscl RV Gaveshani (Sanskrit ‘Re-
search’) is undergoing refit in the Garden
Recach Workshop, Caloutta and is likely
to bc operational by mid-1975. The vessel
is 68 metre: fong, 12 m broad and has pro-
vision for 13 scientists and 6 technicians.
The vesszl will have a number of' laboratories
for physical, biological, geological, gcophy-
sical and chemical work. The vessel will
be cjuipped with satellite positioning, sub-
bottem  profiling, magnetometer and faci-
lities for coring and dredging. Provision
i als) being made for installation of a suitable
light drill for drilling in  hard rocks.
The propossd programme of the NIO for
geological and geophysical work (Fig. 2)
envisages traversing the entire continental
margin of India at tracks spaced at 20 km
so that the spacing i~ sufficient for incor-
poration of data on the existing 1:2 million
maps of India. This programme will in-
volve cruising over 75,000 ]ine-km, collec-
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tion of 5,000 samplesvand about 22 months
ship. time.
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