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Geochemical Studies on the Shelf Sediments Off Bombay*
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Distribution patterns of calcium and magnesium carbonates, organic matter, phosphate,
sulphide-sulphur and sulphate-sulphur have been studied in the sediment samples, surficial as
well as cores, collected from the region between Bombay Floating Light Point and Bombay
High., An integrated study of these distribution patterns with the chemistry of interstitial
waters and the bacterial populations present in the sediments has revealed the presence of
reducing micro environments (within the sediment column) in a milieu which is largely

oxidizing.
by bacterial activity.

URING the 6th cruise of RV Gaveshani in May
D 1976, a number of sea floor sediment samples,
surficial as well as cores, were collected from
the region between the Bombay Floating Light Point
and Bombay High. Among the various studies that
were carried out on these samples, geochemistry of
sediments was one. These studies which were
carried out in a limited manner were zjmed at
understanding the environmental conditions ob-
taining within the sediment column in the region of
study. For this purpose, the parameters chosen
were calcium and magnesium carbonates, organic
matter, phosphates, sulphide-sulphur and sulphate-
sulphur, and the results obtained are reported in
this communication. It may be mentioned here
that the earlier reports?~® on the distribution patterrns
of some of the parameters such as calcium carbonate,
organic matter and phosphates in the sediments of
the study region were based on samples, collected
from a few stations which were far apart and further
in most of the cases the studies were confined to
surficial sediments only with the consequence they do
not throw any light on the environmental conditions
obtained within the sediment column.

Methods

Locations of stations from where the samples were
collected are shown in Fig. 1. Inall 22 stations were
occupied and 22 surficial samples and 18 core samples
were obtained. All the parameters listed above were
determined in the surficial samples as well 2s in the
bottom portions of the core samples. Calcium and
magnesium carbonates were estimated by the method
of Muller?®. Organic carbon-was estimated by the
method of El Wakeel and Riley!? and the organic
carbon values were multiplied by a factor of 1-723
to obtain organic mafter content. Phosphate was
estimated by the method of Rochford!2. Sulphide-
sulphur was determined by digesting the samples
with aqua-regia and concentrated hydrochloric acid
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It is tentatively suggested that these reducing micro environments are induced

in the manner described by Groves!3and precipitating
sulphide as berjum sulphate. Total sulphur and
sulphite-sulphur were estimated in the sediments
following the methods of Robinson and Groves!®
respectively and the difference between the total
sulphur value and the combined value of sulphide-
sulphur and sulphite-sulphur is taken as sulphate-
sulphur in the absence of free sulphur present in the
sediments.

Results

The following generalizations can be made in regard
to the distribution patterns of various parzmeters
from the data obtained (Table 1).

(1) In the region between stations 1 and 11
(0-60 m), clays and silty clays of surficial sediments
as well as bottom portiors of the core samples are
characterized by a very low calcium carbonate
content. In the region between stations 12 and 22
(60-77 m), clays and silty-clays of sediments are
charicterized by low calcium carbonate content.
Sands and clayey sands, on the other hand, whether
they are from the surface or from the bottom portions .
of the core samples, are characterized by a high
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1— Location of the stations from where sediment
samples were collected

Fig.
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. TaBLE 1 — CHEMICAL ANALYSIS OF SEDIMENTS

Stn Depth Nature Texture Composition, 95
No. m of the
sample CaCO,  MgCO, Organic P,0, Sulphide-  Sulphate-
matter sulphur sulphur
1 12 S Clay 7 59 3-33 0-22 0-24 0-09
C25* ( - )t - — - - - - —
2 18 S Clay 7 675 2:65 0-21 0-22 0-03
C 130 (36-46) Clayey sand 80 3-37 0-65 01 0-21 0-02
S Clay 6 843 2:6 02 0-35 003
3 24 C 225 (205-215) Silty clay 38 3-37 2-08 0-17 043 0-02
4 30 S do 13 833 2:76 0-22 0-64 0-01
C 283 (273-283) do 39 5-06 2:56 016 0-69 0-01
5 31 S do 9 7-59 2:52 019 0-53 0-01
C 216 (191-201) do 12 59 2:89 G-19 0-72 0-01
6 33 3 Clay S 7:59 2-41 0-2 0-38 0-01
C 219 (193-203) in 10 5-06 314 0-32 0-39 0-0t
7 43 S do 7 9-28 1-96 0-18 0-28 0-06
C 309 (284-294) do 8 5-06 2:76 0-19 0-43 0-04
8 46 S Siity clay 6 675 227 017 0-2 0:06
C 345 (320-330) Clay 8 675 271 0-19 0-39 0-03
9 50 S do 75 632 2:03 0-18 0-27 0-07
C 305 (280-290) Silty clay 9 548 26 019 048 0-0s
1¢ 51 S Clay 6 675 238 024 0-23 0-06
C 322 (298-308) do 9 5:48 2:65 019 0-46 004
n 57 S do 7 759 2:6 0-19 0-28 0-04
C 282 (256-266) Silty clay 10 843 3-27 0-19 0-46 0-03
12 61 5 do 20 8-43 222 0-21 0-32 0-09
C 230 (66-76) Clayey sand 52 505 0-7 0-00 0-21 0-06
13 64 S ’ Silty clay 13 3:37 2:65 019 0-29 0-06
C 299 (273-283) Clay 10 2:53 3-08 018 0-61 0-03
14 60 S Clayvey sand 76 42 0-84 023 022 0-05
Co66 ( - ) - — - — — — —
15 66 S Clay 10 59 2-89 019 044 0-03
C 175 {56-60) Sand 87 2:52 0-6 011 0-46 0-02
16 64 S Clavey sard 50 422 118 0-23 0-22 0-06
C 196 (186-196) do 66 422 193 012 0-29 0-05
17 70 S Sttty sand 12 348 286 219 0-23 0-05
C 230 {205-215} Clavey sand 7 422 1-28 01 0-47 0-02
18 72 S Siity clay 20 673 27 0-2 032 007
C23( - ) — — — - - - -
19 74 S Sand silt clay 44 422 1-95 0-23 0-43 0-06
C 73 i20-30) do 86 4:22 166 021 59 0-03
20 72 S Clavey sand 33 306 146 0-31 0-23 0-08
C( - — — p — —- — ~
21 77 S Silty clay 215 673 2:98 n-02 034 006
C46( - ) — — — — — — —
22 78 S Sty clay 26'5 6:32 2-89 010 0-49 007
C 212 {202-212} Sand 84 5-06 1-29 01 0-28 0-04

*Figure indicates total length of core in cm.
~Figure in the Prackets indicate levels at which samples were analysed (in cm).

S = snavper; C = core.

calcium carbonate cortent.) Inveriably o higha
amount of calcium cirhonate is cssocic tcd with the
bottom portiors of ,the core semples then with the
surficial sediments.  C:lcivm ci thorite i clive e d
silty clays from the region 0-60 m mzirly cemes from
the shell fregments zssociated with them. In the
sediments of the region 60 and 77 m depth, celeium
carbonute 1s contributed by shell fregments, colites
and rock fragments consisiing of onlitic erd corallire
algal limestones. Higher content of calcivm ¢ r-
bonate is duc to oolites und the sediments in this
region arc relict.

{2) In general a higher emount of megresium
carbonate is associated with clays end silty clays of
the region 0-60 m water depth os compared to sedi-
ments in the region 60-77 m. Invariably the surficiz1
sediments contain a higher percentege of magresivm

cerberite thin tle Eottem pertiers of the core
scmples.  As in the cise of caleirm corhorctie. while
the bulk of megneshirm eirbor i 1e v the scdimerts
mi v hove Beer cortizboted By the shelew Tird yey-
skeleta] corber:ste cemro ars of the sedimo ts,
relatively high megresivm ¢ rhons te corter s @ sso-
clated with the sediments of the regicn: ¢-60 m witer
depth mi-y be dve to the ¢sseciation of magrcsivm
with the clays.

(3) Orgeric matrer in the sediments clesely fellows
the texture of the sediments. Clays ird silty cloys
heve reletively high orgeric matter contont then
sards cnd clevey serds.  In e ses where the texture
of the surficial sedimients c1.d the bottem portiors
of the cores is similur, the Dbottom portiors of
the cores have relatively high content of orgrnic
matter.
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(4) Phosphate content of the sediments does not
show any marked pattern of distribution. Despite
the fact that the sediments'in the relict zone contain
high calcium carbonate content and low organic
matter, phosphate content in them is similar to those
of clays and silty clays of the region 0-60 m which
have a low carbonate content and high organic
matter content.  Phosphate appears to be ¢ssociated
with the sediments of the 2 regions somewhat
differently. In the regiorn 0-60 m water depth, in
the abser.ce of any discrete phosphate minerals, it is
quite possible that it is mostly @ssociated with the
organic matter and iror of the sediments. In the
region 60-77 m water depth, it is possible that it is
mostly ¢ssociated with the carbonate phzse of the
sediments — oolites, shells, etc. The anzlyses of the
oolitic rocks, collected carlier from the nearby aress,
show their phozsphate content to range from 05 to
1%. Surficial scdiments have a relatively high
phosphate content than the bottom portions of the
cores.

(5) Distribution of sulphide-sulphur does not
conform to any regular pattern in the region. How-
ever, higher sulphide-sulphur content is invariably
associated with the bottom portions of the core
samples.  Coarse fraction studies have revealed the
presence of pyrite occurring as infillings in the
foraminiferal tests in most of the sediment semplesis.

(6) Like sulphide-sulphur, no rcgular pattern is
fourd in the case of sulphate-sulphur also zcross the
shelf.  Sulphate-sulphur content of the sediments is
far less than sulphide-sulphur content. Invariably,
surficial sediments have a higher content of sulphate-
sulphur than the bottom portions of the core samples.

Discussion

General hydrographic features of the shelf waters
off Bombay do not indicate the presence of any
anacrobic conditions. Occasional heavy mortelity
of fish and other animals during certain seasons and
the resultant anoxic conditions created arc perhaps
transient and do not give rise to any sustained
reducing conditions at the sea bottom. Hydro-
graphic surveys conducted over tidal cycles at 4
different stations in the area of study during March
76 have revealed the presence of oxygenated waters
in the water column throughout 2nd even rear the
sei bottom. Investigations carried out for the
detection of hydrogen sulphide in the waters yield
negative results16, Studies on the #H, Ebh and dis-
solved oxygen content of the bottom waters at the
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22 stations, where the sediment samples were col-
lected, have also revealed the environment to be an
oxidizing one near the sea bottom. Thus the en-
vironment in the shelf waters is largely an oxidizing
one, in order to have an integrated approach for
understanding the environmental conditions ob-
teirirg within the sediment column, the chemistry of
the interstitial waters of the surficial sediments &s
well as the bottom portions of the core samples and
the bacterial populations of the surficial sediments
have been also simultaneously studied. The rerge of
vzlues obteined for some of the parameters such as
pH, Eh, Ca, Mg and PO,-P in the interstitial waters
of the surficial sediments and bottom portiors of the
cores are given in Table 2. As to the bacterial popu-
lation, 3 types of bacteria, viz. iron bzcteria, sulphur
oxidizing bacteria ¢1:d hydrogen sulphide, producers,
have been identified in the sediments, ard the range
of values obtcired for ezch type of bacteria are given
in Table 3 2long with their mesn count percentage
in the 22 samples.

pH and Eh values of the interstitial waters of
the surficial sediments and the bottom portiors of
the core szmples do not indiczte the preserce of eny
reducing environment in the sediment column.
Detailed excmination of the stationwise data has
revealed the following distribution patterns for the
parameters listed in Teble 2. In the majority
of the cases, pH showed an increzsing trend towards
the bottom portiors of the cores while Eh showed a
decreasing trend. Calcium showed a decressing
trend from surfzce to bottom while PO,-P showed an
incressing trend from surface to bottom. Meagnesium
did not show any specific trerd.

Comparative study of the distribution patterns of
calcium carbonate magnesium carbonate and phos-
phates in the surficial sediments and bottom portions
of the core samples with the distribution patterns of

TABLE 3 — BacTeriaL Porurarion (0-1 mm) ror
SNAPPER SAMPLESY

(10%g dry weight mud)

Rarge Mean count

percentage
Ircn bacteria 0-09-10-54 1-27
Sulphur oxidizing hacteria 0-02-11-99 2:29
H,S producers 5-26-41-66 8-99

TABLE 2 — CHEMICAL ANALYSIS OF INTERSTITIAL WATERS!?

Parameter Surface sample* Bottom sample*
Min. Max Min. Max.
PH i 7-4 8-22 7-3 8-68
Eh (mV) . 4208 +392 +216 +3-84
Calcium (mgflitre) 204 733 204 8:02
Magnesium (mg/litre) 995 2473 1060 19-46
PO,-P (ng-atflitre) 2:28 7331 4-56 59-84

*These terms refer to

the samples collected, as shown in Table 1,
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calcium, megnesivm and POgP in the interstitial
waters of the surficial sediments ar.d bottom portions
of the core samples indicates that the distribution
patterns obscrved in the sedimerts are just opposite
to the distribution patterrs revezled in the inter-
stital waters of the sediments. As alrezdy indicated,
the bulk of the calcium &rn megnesium carbonates
associated with the sedimernts are cor:tributed by the
shell fragments, oolites, etc. Distribution patterrs
of calcium ard magnesium in the interstitial waters
of the sediments suggest the removzl of calciuin
from the waters and zddition of megnesivm to the
waters in the bottom portior.s of the cores. Perhaps
these changes are takirg plece through edsorption oi:
the clays in the czse of calcium and desorption
in the case of magresium zid thus to a certuin
extent account for the differerces found in the
distribution patterns of calcivm znd megresivm
in the sedimerts. In the case of phosphzte, its
distribution in the interstitiel waters of the sedi-
ments suggests leaching from the sediments in the
bottom portions of the core samples. Distribution
patterns of organic meétter, phosphates, sulphide-
sulphur =nd sulphate-sulphur coupled with the
occurrence of pyrite 2s infillirgs in the foraminifera)
tests suggest the presence of reduicinrg microenviron-
ments?® in a milien which is lergely oxidizirg ¢s
evidenced by the interstitial wzter cliemistry 2nd
the gererzl hydrographic feztures of the shelf wezters.
It is quite possible that reducirg microervironments
are induced by bzcteriz] populations present in the
sediments.
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