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ABSTRACT

Inorder to exploit the manganese nodule deposits in future,
an assessment of the environmental impact due to potential mining
activity, has been undertaken in the Central Indian Basin. Under this
. programme, scabied surveys in five sclected areas have been
conducied {0 study the Iulhymclry, Jule distribution and beuthic
fauna. Each of the areas, having disucisions of 10210 nsutics) miles,
has a tow) redief of 160-200 m witn variable undulations (30-60 m)
and (éw clevated features (50-100 . :), The sites with relatively flat
wipography have higher sediment thickness (50-100 m)- than those
el uneven tupugraphy (2U-35 w).

Nodules in arcas of thicker sedimnent cover have low
‘abundances (32 out of 39 locations: <Q-xg/sq.m, average abundance:
1-2 kg/sq.m), as compared to those with relatively thin sediment
caver, {11 out of 25 locations: 5-12 kg/sq.m, and average abundance:
3.5-5.0 kg/sq.m). Almost all nodules appear to be buried under these
 sediments. Nodule exposure ranges between 0 and 2‘/-. except in one

‘ uuion mch 50% counp.

The sediment underlying the nodules is predominantly
radiolarian ooze with occasional burrows (mainly- thalassinoid type).

Out of the 13 cores siudied for banthic ssiivity, five dispinysd:

pronounced layered structure In ths top (B-15 cm) layer and »
comparstivedy ‘coberent sub-lsyer (below 15 cm). In three cores,
evidence of partia) indurationflithification hes bun noticed; leading
"”w bud you»l formsiion,

Quantitative estimates of desp-su benl!m recorded from core

* samples ‘indicate moderately ‘rich hnnn. The meiofauna density
ranges from 348/10 ¢cw’, d st2d by toda. Similarly, the
macrofaunsl density ranges from blmzs wi’ and was dominated by

.- Pelychacta (>50%). The ratio of muo- to meiolauna in lhe total:
- ‘popnlwan was 1:500,

' KEY WORDS: Notuis, benllnc e virowmeat. bndm: sudics, “\ndian
‘Ocean

INTRODUCTION

Several studics have been carried out in'the Pacilic Ocean, such a3
DISCOL (Gemman), BIE (Amcrcan), and JET (Japanesc). All of them
have focussed on selecting a test site and monitoring large-scale
expetimental pre- and post-disturbance environmental oondmons (FocH,
1990; Trucblood, 1994: Fukushima, 1995).

ln ordcr w culu.uo Uh. potential cuviounental inpact due o
dul lidi Y prog.am, nundd as the ‘lodian Decpsca

Environment Exp'.nmcnt (lNDhX) Vs uuu.ucd in 1995 in the nodule
arca of Central Indian Basin.

In this  program, buscling' studics have boci cuned oul tor
collecting information on various parameters of the scafloor in  the
Central Indian Basin.  This information will be used 1o idenlify poteatial
test and reference arcas as well as 1o assess the existing conditions oa the
eafloos. .

MAn:luA'Ls AND METHODS

Bat}

ic maps g d fiom h\dmsuecp surveys in the

Central Indmn Basin- were used to sclect five study arcas (Fig. 1). Exch

ane covers W arma.of 1UXI0 nauticel nillea Teis co-ondinaies e 8
follows: . C

T ; 10°00' « 10°10'S, 75°10' - 75°20' E
R 1000 - 10TI0S 70°48° - 18%48 1
AL IO - 10T 10S, 18799 - Te"uy' b
T2:12°15" - 12°25'S, 75°45' = 15°SS"E
R2:11°55°- 12°05'S. 76°00° - 76"10' E

Four cruises wert conducted onboard RY 4.4, Swlerenio dusiny
April-May; 1996 and Sepiember-October, 1996 for the - collection of
beathic bascline data. The study areas were surveved by echosounding.
sub-botiam profiling, as well as. by - box coteis and Olean Blabs wih
camens for nodule and scdiment samptas (Fig. 2). The photographs (Fig.-
3) were evalualed for nodule coverage aud scufloor features, such a8
scdiment cover, nodule exposure sl Dinlugicdl actinip.



From the'corc samples, the oveilying water was siplioned. off. and

the interface waler was collected with synnges in small  plastic botdes.

" Four lasge PVC tubes with a diameter of 15 cm were inseried into the box

-and the sediment was retricved for  porewaler studies Tubes with' 10 cm

‘- diameter were - insenied  for geochemical,  micropaleontological,

seduneatological and  geotechaical studies. <Al the sedi e

uniformly sectioned at 0-2 cm, 2-4 cm, 4-6 cm, 6-8 cm, 8-10 cm, 10-15
am and 15-20, 20-25, 25-30 am intervals for posewater studics.

Macsobentdie (<0 ) v an ziac) :..yuy]n foi 29 giabs wad lo
box cores and iuciobenthiv samples fium 16 box cores were colliccted
dusing these cruises. A sub-coie (diamcier 4.5 am, lenth 10 cm) wiss taken
from box-cores afics removing the supermatent water and sub-sanpled at 2
. cm incrvals. The sediment was sieved through a-mesh size of 0.5 mm

“and 0.062 mm for scparating meiobenthos from maciobenthos  All
samples weie prescsved i Rose-- Bongal fonndin (3%) butfescd soluton
for funther analysis. . Soning and counting of the samples were compleied
under binocular micivscope: )

RESULTS
(a) Bathymetry

The echosounding records were digitised and merged with ship's
navigation data, and depth coniGurs were plotied. In general, the depths in
the study arcas range between. 5120m and 5400w, cach having a specific
range, average and standasd deviation (Table 1). In the northemn arcas
(T1, R¥ and Al), the 1opography is gently undulating with relicfs of 3040
m, and a few knolly features of 50-100 m relief. The undulations in the
southem arcas (T2 and R2) are higher (50-60 m), more abundant and
have more peaks. )

The morphometric analyses show lower average slope angles in
loagitudinal {1-1.4 dcgrees) as well as latitudinal (0.68-0.93  deyrecs)
directions in the northem arvas. compared 10 those in the southem areas
(1.67-1.76 degrees in longitudisal, and 1.02- 1,36 deg in latitudinal

L cores were.

<+ The bocations with higher - sbundaiive “(#3 hgisq m) shuw Uis
occurence of exposed nodules iy the pholographs, wheitas the reuaining
locations show 00 nodules ¢xposed on the scabed. Hence, whereas the
burial of nodules is conurolied by the - sediment cover, their exposuse also

depends on the quantitity o abundance of nodules available at these
locations. . :

() .\nilmru( thlskueas

The  photographs  in - all the  acay ivanably show tbe
occurrence of sediments on tic scabed. The complete (0 st coniplee
penctration of the camery tigyer weight into the sediment indicates ke
soft, watery nature of the sediment layer, which is probably 1esponsibie
for burial (or non-¢xposurc) of many of whc nodules vccurniny ia these
alCAy. .

The sediment tiickiess observed tiom: subbonom econds is
higher in the noithern arcis dian thie southem aiwas. W tie -~ nosth
gooerally the sediment thichuess is botwoen 23 and 60 m, which 15
icduced 1o almost O m on the peaks of abyssal hills, and - inceases w 10
mi in flat regions and negative reliefs. Whereas the southern areas- have
sedimeat thicknesses generally berween 2040 m, with 2 maximum of 50
m and many locations with-<20n', duc (o undulating topography.

(d) Sediment characteristics:

In all cores fiom ascas T1, R, and Al, the top 0-10 an scdincat -
is either moderate brown (SYR 3/4 of rock colour chant) or moderate
vellowish brown (10YR 5/4) in colour followed by 10- 20 ¢m of light
yellowish brown coloused sediments, While the top layer (0-10 ¢m) is
always uniform, the sccond layer (10-20 cm) has moiled features with
light intercalations, probably due to the benthic mixing and bioturbation
(Fig. dabc). At places, streaks of light grayish or olive greenizh
intescalations were  noticed in deeper lavers (20-30 cm) indicating.

disection). The average venical diffeicnce beiwesn | minule positions in
northermn areas s lower - (12-22.6m) than in. the southein arcas
(14.2-30.5m) in longitudinal as well as latitudina directions. The
average number of peaks (>10°'m) in the northem arcas are also less
(2:9-4.). as compared 10 southem arcas (4-7.8).

Whereas the depths do not vary drastically between different
aicas the average slopes. venical differences as well as.the  number of
peaks bemecn digitised points al | minute interval. ase lower for the
oonhem aseas as compared 1o southem areas. ' demonstrating that the
nortiern arcas arc beas sugged than the suuthens ones

(b} Nodule distribution

Exposcd nodules ae bimited in e nothem acas, with most of

e locations showing occurreace of no of few nodules {0-2% coverage)

on the sed surface. Similardy. most of the locations in the southem

lrcu.a]sg show no or ven  few (0-2% coverage) nodules except for one
location in T2 {~50% coverage) '

The overall nodule distribution in all aseas (Table 2) shows that
U nothem arcas have relatively lower nodule abundances (average= 1-2
AY/iq.m) compared 10 the southem arcas {average=: 3.7-5 kg/sq.m). Most
of the locations in the noitbery arcas (32 -out of 39) have <) /sy 0
wheicas Ui southem acas-have 14 ous . of 24 locations with >3 kg/sq.m

v of low oxygen levels. The sediments are mostly silty
cluy to claycy silt in size (Rao and Nath, 1988).

Three cores cach. were collected fiom Awaws R2 aud 12 - The
cores recovesed from Arca R2 contuin a homoycnous layver of moderate
brown (SYR 3/4) vaying in thickness between 7 and 9 cm with- grayish
orange (IOYR 7/4) intcrcalations. Oae core (# 1435) composed of 27 ¢m
of grayvish orange colourcd sediment as second  layer with interealativas
and motthing and a distinct grayish . band at 23 an. The wores recovered
from arca T2 are similar 10 the oncs from R2: all the three have tuce
units viz: Unit |- moderate brown, Unit 1I- mised zone and. Unit 1il-
grayish orange spechs aid lenscs 1 bivma pauin. One ot the woies (0
151) had open buitows of 0.5-1 ciny dianctet o the susface

All the porewater components were higher i concenuation than

the overdying water.  The porewater protiles 1efledt Bpwd  decp->ca
h an enwvaomnent.  High  mitate values.  Jlow. phusphsic
concentrations and high sediment Eh indicate the redon condiuons within
the top 15-20 cm with suboxic conditions in the decper zones with higher
motding. - Porewater silica values are veny bigh duc lo the dissolution of
radiolarian tests which s the rypical scdiment 1ype in the present asca
(Nath et al.1989) A scmi-induiated incipicnt pelagic hard ground was

" encountered at location # |72 characicnsed by several open empty . buriow

49y

holes over gendy. hummocks relicf (Fig. 4d). A oumber of grayish
coloured lumps resembling oolites, lasger than 1 mm in ‘sizc weic o
seeovered fium the mottded faver (Fig 4c) - These lumps inditate: the
P of synsedimentary lithification leading to the formation of
incipient pelagic hard ground (Gupta, 1995) '




(¢) Megabenthos and bioturbation:

Trews of megabenthins wa vbacived in many of thie photographs
s Uik i uf tessorbod gdnnents ot as well as eial vadn

peilets. trail matks and Thalwsinuides fype butiuws of Leathiv vigamsing
(Fig &). A singlc potychacle specinicn in dead condition was recovered
from location #180. which may be responsible for scdiment mixing and
buitowing in the peincra wea, Sone ul the prominent featurcs
observed in photographs ase circulas fecal coils. locomotion  teails.
Observations of megabeathic activity associated with nodules from the

Cenurad lodian Occan have been scpoited calics by Sharma and Rao,
(J98/)

{f) Benthos

The grcduninary esubis b ate the s of Pulychactos and
Nemalodes in nacio and meiofauna sespeetivedy. The fuuna s muderawely
rich, comprisiug 6 macrofsunal and 3 giofaunal taxa. The population
denaity  vasiy o 3410 cm? for mciolaana wd ¥ 04m’ tor
maciofauns. Among the meiofauna tavs, Nematodes with a 100%
occurmrence were observed, followed by the Hapacticoid copepods.
Harpacticoid larvac were also  recorded in some samples, their average
deasity varving significandy between the sites.

The venical disuibution of mciofauna in differcnt sediment layers
shows that the Nematodes were regular in their occumence  at vanious
depths. although the deasity decreases with increasing  depth.  The
Haspacticoid copepods on the other hand, were confined to the top 5 cm.
This paitem was however. not consistent. It is impornant to mention that
meiofauna samples, used here. were coliected from box corers which also
enclosed the supemalent, thick layer of water..

Among the macrofauna Polychactes were the most umpoitut
gicup. folluwed by peracand Crusiaceans (Amphipods, Tanaidacen).
Brozoa and Rhizopoda The abundance of macrofauna varied within a
modest fange of $-15%. as compared (0 metazoan meiofauna.

The bLiomass vasicd sigaificantly due to the presence of Luye
speainens of custatca at some locations  No sigmibicant differcuces in
Ui depth drtabation Of masdems won obauved Based on tow
buntut sanples. Neyman et al. (1275) icpoited Juw Lentlue bianiaza w
the abyssal region of the tiupical Indiuy Occian According 10 them the
present study area falls into the ohgotrophic zone. Occurence of rich

bunthic  fauna associated with mangancse nodules has been reported
(Parulckas et al. 1942)

CONCLUSIONS

Evaluation of cchosounding. sub-bottom profiling. sampling and
photography data has revcaled the bascline conditions of the beatuc
environment in sclecled ascas.  The bathymetnc vanations. sediment
thickness and nodulc conccpirations will be uscd for sglecuon of the Test
and Reference Arcas for the ‘Indian Decp-Sca Environmenw) Experiment
(INDEX) The sediment characicristics as well as  benthos data wili
coastituie reference information fos the environmental impact assessment.
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Table 1; MORPHOMETRIC CHARACTERISTICS OF THE SEAFLOOR IN THE STUOY
AREAS {at 1 min interval from echosounding records)

Area | No. of *Dupm-" “Average | SO _’Aveugn——- TTAverage | Average No.
data Range Depth Slope Vertical of Paaks
Points Difference
{n) {m) (m) Longi- | Lati- | Longi- | Lat- | Longi- | Lat-

. tude |{tude| tude | tude | tude | tudu

T1 1666 5150-5340 | 5217 34 11.07 0.78 | 19.3 228 |40 29 |
R1 1857 5200-5400 { 5330 7 1140 0.93 {19.6 204 147 31
At 1739 5180-5400 | 5327 25 }1.00 0.68 | 16.2 120 (4.3 2.9
T2 1581 5120-5320 | 5217 41 (1.76 1.02 { 30.5 208 |58 4.0
R2 3035 5200-5380 | 5297 32 [ 1.67 1.36 { 20.4 14.2 | 7.8 7.8

Note: Long = longitudinal direction
Lat = {atitudinal direction

Table 2: NODULE OISTRIBUTION CHARACTERISTICS IN THE STUDY
AREAS (Number of samples per weight class)

_Area | No.of | Frequency of abundanca (kgisqm) | Average
- dald puinils | 0 1«1} 13| 3-6 ] 6-10 | >»10 | abundanue |
T1 13 21 s 2] 2 2 5 1.94
R1 13 4 |7 | - 1 1 - 1.14
Al 13 a5 1 - 2 1 21
B 200 DS NN O TN (RN AN NN O U O A E TN
R2 12 vV 2 2|76 1 5.05
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Figt  Locouons of study areos
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Fig2 Bothymetry with sample Locations in Qrea
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Fig. 3 (s) Arca 11 (4 178) - ‘Teaces of benthit biolugical ativity
with reworked sediment and fecal casts. (b) Area R} (# 161) -
Reworked sediment with biological activity. (c) Area T2 (# 150) -
Esposed nodules (50 % coverage) with sediment, (d) Avea R2 (4
1.38) - Reworked scditucnt with burrow openings and (ccal casta.
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(a) Vertical section of box core
{type - Reineck) AAS, # 159b
showing top 10 <¢m
homogenous  brown  bull
coloured pelagic ooze
overlying the partially mottled
grayish  brown  coloured
sub-surface layer in 10-20 cm
sediment depth.

(b) Vertical section of coure
AAS # 1602, with top 10 cm
homogenous, 10-20 cm
mottled gray brown, 20-30 <
brown pelagic clay with gray
coloured lenses. An elliptical
lensuld burrow of unknown
origin in the lower lelt corner
suggests intense reworking of
the sediment. $

{(¢) Vertical section of another
core with typical stratification
and a gently curving verticsl
hollow (empty structure) of
thallassinud type of burruws.
Plustic syringe is 2.5 < in
dlunicter. Burrvow diametec is
1-1.3 cm. Mottling seeins to be
the result of bioturbation.

{d) Surlace view of the box
core AAS  #IT2 with
hummucky micro veliel whh
wicro depressions filled with
“slurry At sediment  water
Intecfnce  associated  with
manganese nudules, several
burrow openings are visible
on the hummocky mound.

(¢) Coarsc grannular fraction
»1 niw, with tumpy
aggregates of diagenclically
lithified intraclasts suggesting
formation of an incipient

pelagic handgiovnd
encountered in core AAS ¥

.

Fig4 Seuimentry suuctures and bioturbations teoture observed
in box core samples.

495





