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ABSTRAC

ShalloJ seismic surveys were. carried
out for 520 lkm in 3 bays viz,, Jaigad, Ambuah
And Varwada slong the Maharastra coast in tha
western part of India,' In Totael, 53 travaerses
Yere run across the shelf perpendicular to the
Coast upto about 20m water depth,’

These surveys were used for the firat
time in this country by the authors to detsr-
mine 1) the lateral continuity of the placers
belou the clay 2) the vertical thickness of :
placer sand and to use the same for the cale~
culation of the inferred reserves and 3) to
underastand the nature and structure of the
basement which {s likely to throu some light
upon the important and controversisl subject
like the svolution of the west coast of India,

From the profiles prepared ocut of
shallow seismic data, five major reflectors .
in the sandy zone have besn recognised, Thay
are sand, sand and murum, murum, altered traps
and traps of which the rirst tuo have been .
confirmed by means of, sampling while the rest
have been correlated from the borehole log
data, The basement has shoun a stesp plungse::
below the clay zone and its clsar physiograe
phic feature, swolved by the block uplifting -
which in turn, controlled by E-W fault e
fractures, In addition, evidencs of numercus
faults and intrusions associated with fracte
jures and zones of upwarping along with the
occurrence of ferro~-basalts {n Jaigad area
converge to point the presence of hot spot in
2nd around the mouth of the Shastri river
during the Daccan volcanic activity, and throu
modest suggestions on the evolution of the
vest coast of India,

The continuity of the sand reflector.:
belou cley has been traced upto =17 to ~ 18 ¢
vhere a sudden fall in their lesvel {n almost:
i{n all the traverses has brought an end to i
that, The sand isopachs indicete on 8n avere
age of 4 m thickness which has been, in pla
of borehole confirmation, directly ussd to

INTRODUCTION

~covering 13 bays, along the central Mahar-

avaluate the inferred ore roserves of
{imenite-magnetite placers,; The continuity
of the placer sand below the clay sven upto
»$7m and the 4m thickness of the sand as
deduced from the sand isopachs have boosted
the inferred reserve potential from 5.27

to nearly 21 willion tons, :

i

In the year 1975, Natlonsl Institute of
Oceanography, India, has proved the extansion
of 0ff-shore ilmenite placers along fhe
Konkan coast, Maharashtra,sftuated within
the west coant of India (Siddlquie'gg 21)1.
Immediately after that, a systematic de-
téiled off-ghore surveys were carried out

for 130km long stretch of the innershelf

ashtra coast (Fig.1). The survey includes
1320 grab samples, 66 p}ston gravity cores,-
41 bulk samples, 1883 lkm aechosounding, 898
lkm shallow seismic profiling and 1228 in
magnetics, In the present study the data
from three adjascent bays viz, Jaigad, Ambusah,
8nd Varuada situated in the northern extrema
of the survey area have been included. The V
sand samples have bsen analysed for their
placer content and confirmed for theﬁr placer|
enrichment, The concentration of placers
has also been evaluatsd by means of the
collection of bulk sediments, Encouragsad

by the good concentration of ilmenits placer
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sediments, it was planned to go ahead with
the calculation of reserves,
facial deposits on land, it was not possible
" tol calculate the vertical concentration by
mgzzng of pit samples. As the bore hole sam=
pling was costly, it vas felt to carry out
shellow saismic surveys to determine the
follouwings
1. the lateral continuity of the placers
below the clay,
2, to understand the nature and-structurs
of the basemaent which is liksely to
~throw soms light upon the important
and controversial subject like the
evolution of the uwest coast of India,
and
3. the verticel thickness of placer sand
and to use the same for the calcue
lation of the inferred reserves.

METHODS
Position Fixinq: Before commencing the
offshore surveys, stations were fixed on the

80 geodatic stations, locally called as
‘Narvan, Boria and Varuada. Ths ootimum num-
ber of additional stations in the area,
requiraed for a reliable shore control have
bsen fixed by means of triangulation and
‘Intersection methods using wild T, Universal
Theodolite, The details of the methods of
fixing shore markers have already been dis~
cussed (Rajananlckan)zJ

A Motorola Miniranger(MRS ITI) system,
that consist of a range console, transponder,
data processor, track plotter and terminal
track indicator as peripheral was used for
surveys during 1980, The shore
vere installed at the reference
. ready located by trisngulation,
with tha’apaca diversity option
on top of the flag mast,

stations
points al=-
Ths antenna
was fixed
The signals on
$570 KHz frequency were transmitted from
the boat to shore station and received on
5481 KHz riaquoncy: Based on time delay,
the ranges({distances) were calculated and
converted {nto UTM by the deata processor

Lfand then plotted on tha plotter,
Unlike the sur-| indicator provided an idea about the devi-

~and thus helped to stesr the boat on the

_of 30 KHz provided the subbottom penatr-
;:atinn, wvhereas the high frequency 210 KHZ
/. pravided a good resolution, The echasaundery

¥ and adjuating ths motor spead to givs a
i correct depth,

" ed by adjusting the transmission merk and

A - the coast,
coast by taking positions from the establish- ““accurately, a few cross lines were run par
'éallel to the coast, The surveys wvare 63&&1-

" ed out on fishing trauler, about 15 m (oﬁg;

“val normal to the coast in order to obﬁain

.the necessary tidal deductions wars made

1in the soundings in the sGitabla fix an
itime, ;

ffind out the thickness of sand, continuous
~8shallow seismic profiling was done using,
“first, Huntec Hydrosonde and then EG & G

i

The track
‘ation of the tracks from the plannsd tracks

proposed line, :
Echoscundings An Atlas Deso-10 Dusl Fra=

quency (30 KHz and 210 KHz) Echasounder with

230 mm wide dry paper recording type uas

usaed for the survays,’ Ths lou Prequency

}uas calibarated and adjusted by loueridg a
‘bar to a set depth beneath the transducars

The index error was corrects

spesed error was eliminated by adjusting the
motor governor, The bar chack was aluays
carried out before commencemsnt of the so-
unding and at the end of the days work,
Survey trecks were draun perpendicular to

To delineate the depth contours-{-

and tracks were speced at ahbhout 200 m fnter-

the best possible caverage of variation in
topography and sedimenta, The soundings
were reduced to datum from the predicted
tide values of Jalgad, supplied by the
Captain of Ports of Maharashtra Stathv
,Thesa tide values were fed in computer and

Shallow Seismic Protillqg} In ordet to

Spark Array, Huntec Hydrosonde 2A systesm

consists of a boomer source, the transwitter
enargy storage unit, the hydrophone array

and receiver, the latter being the combiw -
nation of sigpal procassor, graphic :

usﬁ;
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recordsr (10 cmbuide paper) and keying pra-
grcmmax. The bdoﬁer KD 'S sourcé can be¢ Ffired
at an energy lavel 1000 joules once every
“tua geconds. In the present aurvey, only
an energy level of about 100 to 300 joules

was ussed,

In the follouwing stagaes of the
survey, EC & G Spark Array system was used
for obtaining the sand thickness.through
seismic profiling, EG & G spark array con-
sists three slectraode spark array (Modsl
267-A), pouer supply (Model 232-R), triggered
capacitor dank (Model 231-R), Krohn=hitse
band pass filter (Model 3700), Key gate
pragrammer (Model 1100) and EPC 3200 recorder
with 49 cm dry elsctro-ssensitive paper end
single elsment hydrophone (Model 262J).
Spark array is towed by its rugged four
conductor ceoprene coversd cable, Electrical
energy is discharged into the positive
electrodes through the conductor salt water
and to the surrounding frame to producs the
oxplosively formed bubble, The acceleration
of the bubble grouth generates the pogitive
acoustic pulse of high intensity. The
energy is in the range of 80 to 120 Hz,
while the maximum energy per electrode is
3000 yatt seconds, '

In 1979, 148 km of seismic survey,
using Huntec hydrosonds 2R system, was com-
pleted but since-its acoustic pulses could
not pass through the placer sand to reach
the basement, operations were repeated using
_ EG & G shallow seismic profiling-system and
more ciear and better resolution between
. clay and sand similar. to double ffaquancy
echosounder was obtained. In 1980, 370 line
kilometer (1km) of seismic surveys using
EG & G system uara carr1ed out over the
“investigated area, The lines were run
across the shelf,
coast up to about -20 m and an interval of
about 400 m betueen the lines off Jaigad
river mouth and of about 1000 m-in other

‘perpenditular to the

areas was maintained,

‘sbout 53 survey traverses (Fig. 2&3£ vere

‘tion.becauss of its better resolution,

" Results and Discussion

undertaken, The seismic data were processed
in the laboratory and the profiles preparsd,
The dépth of the first reflector was aluays
verified with the echosounder for confirma-
The
profiles of all the traverses uere prspared
on a horizontal scale of 1 cm = 100 m and
vertical scale of 1 cm = 5'm. Representa-
tive proflles in the bays are shoun in

Flgure.d.

“gt.al).

/offshorevclayvzones by the respective’

‘tors, the third and the fourth reflectors

‘that of sand and murum and murum anﬂ~_nund;
In the surveyed araas

THE REFLECTORSS

From these profiles five major
reflectors have been recognised. 0f thesse,
lithology of surface reflesctors was con-
firmed by on the spot examination of the
grab- samples. The secand reflector was
identified by the piston-gravity corer
§amp11ng. The rest of the reflectors were
correlated with the borehole~log data
cbtained in Mirya bay, a little north of
the investigated area by taking traverse
adjacent. to the boreholes. (Siddiguie
These reflectors from the surface
downuwards have been equated to sand, sand
and murum, mﬁrum, altered trap and basement
trap but in the offshore zonss beyond 9-11m
water depth, the surface reflector is
identified as recent clay above the sand,

Seaward continuity of the near-
shore surface reflector, indicated by the
schosounder (Fig.5) and seismic records
(Fig.6), was further confirmed by collecting
systematic cloaaly-gpaced aéuples from sand=
clay interface together vith the last
samples from greater depth obtained by using-
piston-gravity corer., Presence of onshore :
sands in several localities, surveyed by
the author in detail, is confirmed 'belou

collected core samples. . Among the reflec=

to bae . discontinuaus in many profilss and

3
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- feature nighé have been due to block up-

the Junctiones bmtwaen them are not easslly
decipherabls, possibly due to the high poro-
sity of the medium causing the diaslpatioﬁ;
of snorgy. The fourth or fifth rafloctori
related to the altered traps could not be;
It might
have remained unrecorded owing to the
instruments limited resolution, to record
hard rock thickness of about a2 meter,

recorded in certain profiles,

Basament and sub-surface structuras: With
a3 view to obtain relief of the bhasement,
different basamant depths observed in the
sgismic profiles, at 15 m and 12 m water
depths, are plotted in Figure.?7, with latie
tudes of respective lines shown in abcisss.'
The last reflector, normally the fifth in
the clayey zorfe and the fourth
i{s found to indicate the
of the basement reflector, If
flectors are not marked highly irregular in
nature, {nvariably accompanied with multiples
and not followed by the other deepsr ref-
lector,

in the sandy
zonsg, characters

deeper ree-

is considered as basemaent reflector,'
Fig.7 shows a variastion from S m to 41 m

in the basement depth, The boreholea in the
bays and in thu cosast indicate the presence
of the trap rocks right from S m level to ;é
8 few ke, Contrary to deep basements, pra+
sencg of altered traps is not observed in f
the shallow bassmsnts,

Coupled with the structural dise
tucbance, that the basement has undergone
prolonged erosion is Iindicated by its highly
undulatory surface., Despest basement in
the investigated arsa is observed in the
Jaigad bay river mouth and Figure.? brings
out a similar kind of patterns both in 10 m
and 15 a vhich {ndicate that they align
along E£-W direction, developing the adjaceht
area into blocks, The basement plot dis-
plays a stap-like rise from Jaigad to Ambuwah
and Ambweh to Varuada., Such physiographic
lifting controlled by the E~W taylt frace
tures in tuo stages of which Varuads might

have been the youngest, The block movew
mants are supported by the presencs of
beach rocks {n Varwada back-shore, In
addition to the difference caused by the
uplifting, the continued aerosion of the
river channels from time immemorial might
have contributed ta the development of
valley-like depressions in thes basement
all along easterly trending zones of weak-
nesgs, Similarly there is development of
deep valley in the basement and its forga=
tion may be attributed to the old riwver
channel off Kachera by uwhich a deap V-shaped
valley {s continuously belng formed esven
in the present day shelf, This i{s in agrée-
ment with the observation of Babua, vhg
has considered the secondary EeU linaaLonta,
developsd dus to the major danudatianai
patterns and the river courses,

xS
.

The seismic data indicates the
presence of 8 large number of dykes mostly
in the no:thern part of Jaiqad bay, Figure.
8 shows a dyke intrusion uoto the saecond
raflector, whereas the Figure.9 deotics a
Comal: type
(Fig.10) of intrusions even upto the clay
zones have slso baeen observed.

sarima of minor intrusions,

from
Jeigad to Ambuah bays, out of a aumber of
obgerved minor faults 8 sinistral en-eche-
lon, simple doun=fault uith a throw to the
vest of nearly 20 m and another uwith an
upthrouw of 11 m are shoun in Figures.8,11,
and 12, respectively, B8ut, such structural
deformations are not recorded in the
Varwada bay, possibly due to the absencs

of the dykes,

anomalies are not, houwsver, recorded in

In general, minor structural

the seismic surveys but they are deduced
from the magnetic anomalies whosse struc-
tural interpretations have been given in
an parlier paper of the author (Slddi;uie
ot 817, and Rajamanickam at a1%,) uhich
also contains a camprehensive structural
deformations indicated by tha geoohyatc%l
surveys have been found to be in agreemsant
vwith the postulates of the earlier workers,
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Dessal and Peshua9 from the study
of land. 2t plctyrss heve resordsd two sets
of prominent linepations, roughly trending
ERY and ENE.

~studies of Jaigad bay has suppbrted the
extension of these lineaments in the off-
shore aHd has located onse such feature
traversing the Jaiged bay, Das and Ray
have reported the presence of N-S fracture
pattern in the Ratnagiri Deccan traps and
the streams of the area are found to follow
these parallel fracturss. Siddiquie et 917

‘hpvo attributed the steep gradients observed
in the magnetic inienslty maps in the north
of Jaigad to NNW trending dykses, fractures
and the lineaments {n Jaigad bay and north-
westerly features in Varuvada bay, which are
the extension of the linsaments recorded

by Dessal and Psshuagon land.

Ramanna1 from the magnetic

11

O0ff-shore seismic surveys carried
out by the author have provided the following
observationss (1) a sudden lncreaese from 2
to 6 m {n ths thickness of clay at 10-18 m
wvater-depth about 5-7 km Prom the coast;
(2) & steep plunge in the basement under-
neath the clay zones, and {(3) a complete
offset of the different formations,

The abﬁve obsgrvations strongly
i{ndicate the possible presence of a group
of N-S faults, Should these faults con-
tinued further northuards, they can be
connected to the Panval flexture zone,
{dentified off Bombay for nearly 107 km in
length, Similar faults have also been
postulated by Babu4 for the Neogene sedi-
mentation around Ratnagiri basin on land.'

12 on the basis of geophysical

Glennie
studles has postulated ap upwarping of the
crust along the west coast of India by
means of such faults, Existence of such
fault fracturss although betwsen 7 to 20 km
instead of the author's observation of § to
7 km from the shore, has been surmised by

different workers (Glennie,?? Guha et 53,13

<
Auden, 1! and Guha and Pedale,1“). Foat cf

them have falt that they are mothing but
the extensinn of the Panvel flexturse slong
the strike.

Hor:a16

has remarked from the
study of fish remains in the WesternGhats
that the Pinal phase of the Deccan trap
volcanism most probably occurred in more
recantbtimes than the Tertiary or even in.
the Quaternary., Such periodical eruptions
might have acted as a driving force for
the block movements and the uphsaval of
the coastline might have taken place stage
by stage., Das and’Ray17 have identified

a8 number of faults, fractures, and dykas
from £RTS imageries, The intrusions marked
in the present study even upto the clay
zone are in agreement with the views that
volcanic activities continued sven after
Tertiary and the picture of the basement
depicting tuwo blocks of Ambuah "and Varyada,
is fully endorsing the postulated vieu -

of Hora,

Tipnis and Shrivastava1B hav'
proposed the north Konkan arsa as the g
possible eruptive centres dus to the pﬁe-
sence of many dykes and fractures centering
around this area, Auden19 has stated that
the placss of concentrated dykes with zones
of upuarplng are the main foci of eruptions,
Agashe and Guptez'J have felt that presence
of dykes with varying uidths of 5 to 2710 m
mark the centers of pouring out magmas,
Evidance of numerous faults and intrusions
asgociated vith fractures, zones of up-
wvarping, varying uidths, and othar linsar

patterns, marked by the occurrence of
ferrobasalts in Jaigad area converge to.

point out the presence of hot-spot in and
around the mouth of the Shastri river
during the Deccan trap veolcanic gctivltx:

The Sand Thickness: Continuity of the
placer-sand, i,8.,, the first reflector at

9 m vater depth on near shore argas has
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been proved by tha geophysical surveys and
sampling data, The appearance of the second
reflector In the sandy zone end the third
reflector in the cleyey zone is treated as
the closing boundary of the black-sand.
The continuity of the placer sand reflectors
very wsll defined below the clay up to 17
to 18 m water-depth or to 8 point uhere
thers is an sbrupt change {n the profile

of the reflector so as to produce an offset
with simultaneous {ncrease of the clay
thickness from 2 to 6 m, This abnormsl
cheracteristics encountered {n the racorded
data {s considered to be of a fault, The
continuity of the black sand for sll prace
tical purposes {s inferred by the author
only up to this point, The difference
betueen the Pirst and second reflectors in
the sand covered zone and the second and
third reflactors {n the cley covered zonhe
is attributed to the vertical thickness of
the placer sand. This thickness of sand
in the near shora is in agreemsnt uwith the

borehole informacion.

Trreqular nature of the bssement
hag shown many saroded channels in the form
sand lenses to give rise to a sandy layer
Tha sand thickness
along the lines ues calculated and isopach
maps prepered, These maps shov the sand
thickness varying from 1 to 8 m (Figs.13 &
14), It can be seen from the Pigure that
there i{s a thicker sand layer in Jaiqad
and northern Ambuyat. bay, contrary to thinneqg
zones of such layers in the southern
Ambuah and Varwada bay, This perceptible
variation in the sand layers in the offshorg
areas is consfdered efther converting the
the
uplifting of the southern part or lack of
supply unlike lalged where there is a high
influx of sedimenty by the Shastr{ river,

as much as 8 m thick,

supositional basin shallow, due to

It can be dus te nne or the combined in-

fluencae of both, tLven uwith the appreciablas

discharges of tre Shestri river, its miuth

"to 9 m,

has very thin sandy layer, perhaps due to
ajther the presence of hard rocky bottom,
mada up of the Intrusives, whose presence
{8 common feature of the area or, the sxe
tension of Narvan promontory extending flat
right up to the bank of the thannsl or {n=
ebility of the sadiment waves, the latter
producing wave convergance resulting in
strong littoral drift, that {s supplaemented
by the absence of fine fraction in the
sodiments of this ares (Rajamanickem gt -8])2
Throughout the bays and the offshore areas |
are noted pockats of thick sand accumulae- \
-tions owing to the various forms of erodod‘
"channel (Fig.15) and sand-bank (Fig,16)
cauysed by the basic dykes frequently ocecure-
ring at places, The average vertical
thickness of sand layers comes out 4 m as
determined from the values obtained through
centimeter grid on tha isopachs of the

original map in the scale of 1 : 10,010,

Reserves: B8y field expsrimentation {t
has been found that one cubic meter sand
veighs 1,22 tons, Since for this study a
very rough aatimate, that too, basad on
surface sampling hae been made, reserves
are classified only as 'infarred!, Table
I gives {1menite concentration by percant
in the three beys, Taking the mean of the
1lmenite concerntration of each area, and
multiplying the same with the respactive
volume calculated for one metaer depths,
the total ilmeni{te reserves are found to

be nearly 5,27 million tops,

Saismic record shous that the
" thickness of the sand, though ranging up
averages 4 m, Assuming the pre-
sence of placers Por a minfmum of & m
depth, the {lnentte reserves in the aur-
veyed area, are expected to be of the order
of 21,08 Mt. The computations includg only
the sampling. area, that {s, the sand covsred
Although the continuity of tha sand
belov the clay {s conf{rmed,

zonea,

the aroeg
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besyond sandy zone is not included in theﬁ
reserve estimation for went of detalled -
haavy'nineral data, with the surveyed ares
of about 36 km2 the {nferred reserves a:i
likely to bs of 21.08 Mt end Lf proportio=-
nately ths total area of about 216 kln2 is
.considered for the reserve estimetion, the
reserve will be several fold than the above
figures, Siddiquie et g;s heve estimated

2 Mt, of inferred reservas for one meter
sand in Ratnagiri, Mirya, and Kalbadevi,
locataed south of the study area, The
ilmenite quantity in this aree is within
the 1imit of economically workable concen~
tration, The cumulative estimates. including
the beach placers (Mane and Gawade)2? end
other adjacsnt bays, will be much more to
support a titanium induatry in this rela-
tively backuard area,

CONCLUS IONS

1, The surveys indicats the continuwity of
the nearshore surface reflactor (sand)
below clsy evsen upto 17 m water depth,

2, The shallouw seismic profiles display lot
of minor intrusives and faults associated
with fractures, zones of upwarping, in
varying widths and other linear patterns,
the presance of hot spot in and arouna
the mouth of the Shastri river during

This

is 8lso supplemented by the accurrence

of faorro-basalts in Jaigad area.

the Deccan trap wvolcanic activity,

3. Preparation of sand isopachs shous the
presence of an average 4 m thick sand.
sediments in the investigated bays,'

4, Considering the surveyed sandy sediment
dietribution area combinsd with the
average sand thickness, the reserve of
ilmenite placer is inferred within thess
studied bays to be of 21 million tonsy
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TABLE I, ILMENITE RESERVES IN THE INVESTIGATED AREA

Ilmenite Jaigad AmE;;E- Varvada T;;al inferred reserves{mt)
Concentra=- bay bay bay area 1m thick 4m thick
tion(in per

cent)

35 — 0,40 1,40 1.80 N,84 3.36
25-35 2.01 1.23 1.98 5,22 1.75 7,00
15-25 4,27 0,96 0,93 6,16 1,50 6,10

15 8,50 3,61 0.80 12,91 1,18 4,72

Toteal 14,78 6,30 8,11 28,09 5.27 21.708
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Fig. 1—Locality map. B
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Fig. 2—Shallow seismic survey traverses in the northern part of the study
area.

I

Fig. 3—Shallow seismic survey traverses in the southern part of the study

area.

Fig. 4—Representative interpreted shallow seismic profiles.
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