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Abstract -

The sedimems from the continental mid-slope (150-1500 m depth) of the western Indian margin
are highly enriched in organic carbon {upto 16%) occurring as a long and wide band off Bombay to south-
ern tip of India. Organic carbon is essentially of marine origin and is enriched due to its preservation under
anoxic conditions caused by impingement of oxygen minimum zone. The DSDP data in the southeastern
Arabian Sea have revealed the initiation of upwelling and productivity during Barly Eocene and establish-
ment of reducing conditions since Mid-Miocene, which continue till today. Under such a reducing envi-
ronment there is every possibility of retention of higher amount of hydrogen in the kerogen part of organic
matter. Published literature has indicated the organic matter is of type II, the slope sediments have a struc-
tural capability for the retention of hydrocarbons and the sediments are significantly thick. All these evi-
dences suggest that sediments from the Indian continental slope can act as source beds for petroleum gener-
ation. The continental slope between Ratnagiri - Mangaiore and south of Cochin, with gentler topography
and appreciable sediments thickness (2-4 km) where surficial organic-rich band is wider, are more potential

sites for hydrocarbon exploration.

INTRODUCTION

Production, accumulation and preservation of
undegraded organic matter are prerequisites for the
formation of petroleum source rocks. Understanding
the environmental controls on the present-day surficial
distribution of organic carbon in the marine environ-
ment is useful in predicting how petroleum source
rocks were formed and can also be used as guidelines

for the search of hydrocarbon source beds,

The western continental margin of India is
characterized by a wide continental shelf of 300 km in
the north but gradually narrows dowan to 50 km

off Kerala in the south. The continental slope is
narrow in the north as compared to southern part
where it is wider, According to Biswas and Singh
(1988}, because of the distinct tectonic and depost-
tional settings of the early and post rift phases of the
western Indian margin, the petroleum prospects of this

region warrant a proper evaluation.

“Since the last two decades, the National Insti-
tute of Oceanography, Goa, has conducted several
cruises for the collection of sediment samples from
the continental margins of India. Around 600 samples
were analysed to ascertain their organic carbon con-
tent. The aim of this paper is to discuss areas of
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organic enrichment with particular reference to hydro-
carbon generation, based on the surficial expression of

organic carbon.
DISTRIBUTION OF ORGANIC CARBON

A comprehensive map (Fig.1) showing the
distribution of organic carbon in sediments of the
western continental margin of India has been compiled
taking mto account about 600 samples analysed by the
authors as well as other published data. It 1s observed
that sediments from the inner continental shelf of
India contain upto 4% of organic carbon whereas on
the outer shelf low values { < 1%) are encountered. In
comparison, sediments from the continental slope are
found to be highly enriched in organic carbon where
2xtremely high concentration of 16.71% (Rama-
murthy and Murthy, 1989) has been reported. Such
organically enriched sediments are Jocated on the mid-
slope and occur as a continuous long and wide band
all alenyg the slope from Bombay till the southern tip
of India (Paropkari et al., 1992). It must be empha-
sized that this band of organic-rich sediments 1s widest
on the Ratnagiri-Mangalore slope and also off Cochin
(Fig.1). It is precisely these areas which merit atten-

tion from the oil generation point of view.
DISCUSSION

The enrichment of organic carbon alone does
not necessarily characterize an oil prone region. The
organic matter deposited in sediments must be hydro-
gen-rich capable of transforming mostly to liquid
hydrocarbons. Therefore, the foremost control on oil
source rock deposition is the preservation of organic
hydrogen in the sedimentary organic matter rather
than the sole preservation of organic carbon in the

sediment.

The source of organic matter also needs to be
examined as organtc matter from marine sources is
more prone to generate liquid hydrocarbons than
transported terrestrial organic matter. Marine organic

matter is rich in nitrogen (Premusic et al., 1982). The

distribution of total nitrogen in the Arabian Sea is
similar to that of organic carbon (Kolla et al., 1981).
Paropkari et al., (1987) showed a significant positive
correlation between organic carbon and total nitrogen
for the sediments of the western continental margin of
India. These observations show that these two compo-
nents are genetically related. The C/N ratios along the
entire western slope of India generally fall below 6
(Marchig, 1972; Paropkari et ai.. 1987) indicating
that organic matter is predominantly of marine origin.
The studies on the d'*C (Fontugne and Duplessy,
1986) has also confirmed that organic matter along the

western slope of India is mainly marine.

In the recent past, there has been a lot of
speculation concerning the preservation of organic
matter in the oceanic environment from which it
appears that world wide, productivity and/or anoxia
are the key controlling factors. It can be clearly
observed that along most of the western Indian mar-
gin, productivity is low (0.25-0.75 gC/m?/day;
Qasim, 1977) and yet the overall organic carbon
contents are high. It must be noted that highest organ-
ic carbon values (upto 12%, Paropkari et al., 1987,
and upto 16 %, Ramamurthy and Murthy, 1989) occur
between Ratnagiri-Mangalore, precisely where pro-
ductivity is very low ( <0.25 gC/m*/day). This clear- |
ly indicates that the organic carbon enrichment does
not necessarily reflect surface productivity (Paropkari
et al., 1992).

A characteristic feature of this organic rich
{4-16 %) band (Fig.1) in the middle part along the
entire continental slope is its exact coincidence with
the oxygen minimum zone (<0.5 ml/l dissolved
oxygen). The highest values occur in the central part
of this band where the oxygen content of the bottom
water is the lowest, often undetectable. Sediments
from this environment,have also been found to cmit a
strong st odour. Therefore, we attribute the enrich-
ment of organic carbon along the Indian slope to its
preservation under oxygen deficient conditions caused .
by oxygen mimimum zone {150-1500 m water depth),
which incidentally is permanent hydrographic feature
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of the entire Arabian Sea. Similar observations in
world oceans have also confirmed high organic con-
tent wherever oxygen minimum zone intercepts the

continental slope (Premusic et al., 1982).

The above discussion clearly demonstrates
the role of anoxic bottom waters as a fundamental
control in the preservation of organic carbon. Accord-
ing to Kolla et al., (1981}, the degree of preservation
of organic matter along the Indian continental slope is
15-80 times higher than the rest of the Arabian Sea.

Thus, it is seen that the organic matter is
essentiaily marine and is preserved under anoxic
conditions, the two prerequisites for identifying
hydrocarbon source beds. Nevertheless, factors like
palecenvironment of deposition, character of erganic
matter, tectonic evolution and sedimentary structures

of the slope have to be considered.

Based on faunal assemblages and geochemis-
try of a DSDP drill site in the eastern Arabian Sca
(Site 219, Whitmarsh et al., 1974) it has been pro-
posed that productivity in this region is high since the
Early Eocene although evidences suggest that upwell-
ing and deposition under oxygen-poor benthic envi-
ronment took place since Middle Miocene. These
conditions are prevalent today in the eastern Arabian
Sea comprising the western continental slope of India.
Under such anoxic conditions there is every possibility
for the retention of higher percentage of hydrogen in
the organic matter, The degradation of organic matter
is minimal due to restricted biclogical activity
(Demaison and Moore, 1980) as well as due to less
susceptibility to microbial attack by toxic metal
complexes formed there (Degens and Mopper, 1976).
This results in more lipid rich and more reduced (H-
rich) residue than produced by aerobic degradation

and is critical for the genesis of oil source beds,

Tissot and Welte (1978) have proposed that if
surface organic-rich deposits contain hydrogen en-
riched organic matter, then there is every likelihood
of finding o1l hearing horizons at greater depths.

Organic geochemical studies (Singh et al., 1987) of
the surficial sediments from the slope north of Ratna-
giri have revealed that the organic matter is dominant-
ly of type 1l and has excellent hydrocarbon generation
potential ( > 35 mg HC/g rock). They observed that
organic matter is of autocthonous nature, preserved
under reducing environment. Presence of thermogenic
hydrocarbons indicated that the area could be prospec-

tive for hydrocarbon accumulation,

The western continental margin of India is an
Atlantic type passive margin (Biswas, 1989). The
shelf basins evolved since Paleocene time following
stabilization of the Indian plate after its collision with
the Eurasian plate. A relatively narrow linear shelf
margin basin occurs along the entire length of the
Indian continental margin, but forms a part of slope
region southward of Ratnagin. The shelf margin basin
across the continental slope in deeper waters (200~
2000 m}) has developed stratigraphic and structural
features and sedimentary deposits which are attractive
targets tn deeper waters and appears to be the favour-

able locales for hydrocarbon generation.

The occurrence of extensive oil fields in the
offshore areas from the western shelf of India (Sahay,
1978; Basu et al., 1980) can be extrapolated to deci-
pher the oil source bed potential of the Indian slope
sediments. The Bombay Offshore Basin consists of
Tertiary sediments which at places are more than 5
km thick (Shukla, 1983). The oldest sediments above
the basement are of Late Paleocene encountered in a
well adjoining the deeper continental slope (Mohan,
1985). The important oil and gas bearing pay zones
are of Middle Eocene and Middle Miocene age.
Taking the stratigraphic succession of Bombay off-
shore field, it would not be wrong to suggest that
sediments as old as Paleocene occur on the western
slope of india. This may be true because the average
sediment thickness of the slope is more than 1.5 km
and sediments as thick as 4 km (Naini and Talwani,
1982) have been reported on the slope of Ratnagiri as
compared to the total thickness of 5 km in the Bombay
High region. These areas (Ratnagiri - Mangalore and
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Cochin) where the slope 1s gentle and where a wide
band of extremely rich organic sediments occur,
deserve greater attention as far as petroleum explora-
tion is concerned.

Geochemical exploration for petroleum has
revealed that accumulation of organic matter on the
slopes is a global phenomenon and is evidently a part
of a process which has repeatedly occurred in geolog-
ical times (Emery, 1969). Indeed, zones of upwelling
contain some of the richest known petroleum source
beds (Emery, 1969; Dow, 1978). The Lousiana-Texas
oil depocentres were formed during Late Cenozoic
time (Woodbury et al., 1973) which means that a
large accumulation of organi¢ matter occurred during
Miocene, Pliocene and Pleistocene times (Premusic et
al., 1982).

From the foregoing discussion, it can be
concluded that productivity in this region began in
Early Eocene, surficial organic-rich slope sediments
are characterized by type Il kerogen preserved under
anoxic conditions present since Miocene, the structure
of the shelf margin basin can favourably hold hydro-
carbons, the sediment thickness in this basin is appre-
ciable. All these evidences together suggest that the
continental slope of western India can act as source
beds for petroleum generation. More particularly, the
slope with gentler topography and large sediment
thickness (2-4 km) between Ratnagiri-Mangalore and
south of Cochin, where surficial organic-rich band is
wider, are better potential sites for hydrocarbon
exploration.

REFERENCES

Basu, DN; Banerjee, A and Tamhane, DM (1980).
Source area migration trends of oil and gas in Bombay
Offshore Basin, India. AAPG Bulletin, 64, 209-220.

Biswas, SK (1989). Hydrocarbon exploration in
western offshore basins of India. Geol. Surv. Ind. Spl.
Publ. No. 24, 185-194,

Biswas, SK and Singh NK (1988). Western continen-
tal margin of India and hydrocarbon potential of deep-
sea basins. 7th Offshore South East Asia Conference.
Singapore, 170-181.

Degens, ET and Mooper, K (1976). Factors control-
ling the distribution and early diagenesis of organic
material in marine sediments. In Chemical Oceanog-
raphy, eds., J P Riley and R Chester, Academic
Press, San Francisco, 59-113.

Demaison, GJ and Moore, GT (1980). Anoxic
environments and oil source bed genesis. Org.
Geochem. , 2, 9-31.

Dow, WG (1978). P-troleum source beds on conti-
nental slopes and rises. AAPG Bulletin, 62, 1584-
1606.

Emery, KO (1969). Continental rises and oil poten-
tial. Ol and Gas Jour., 67,231-243.

Fontugne, MR and Duplessy, JC (1986). Variations
of the monsoon regime during the Upper Quaternary :
evidence from carbon isotopic record of organic
matter in north Indian Ocean sediment cores. Palaeo-
geogr. Palaeoclimarol. Paloeocecol., 56, 69-88.

Kolla, V; Ray, PK and Kostechki, JA (1981).
Surficial sediments of the Arabian Sea. Mar. Geol.,
41, 183-204,

Marchig, V (1972). Zur Geochemie rezenter Sedi-
mente des Indischen Ozeans. "Meteor” Forschungser-
geb., Reich C, 11, 1-104,

Mohan, M (1985). Geohistory analysis of Bombay
High region. Mar. and Petrol. Geol., 2, 350-360.

Naini, BR and Talwani, M (1982). Structural
framework and the evolution history of the continental
margin of western India. In Studies in continental
tmargin marine geology, eds., J S Walking and C L
Drake, Springer Verlag, New York, 167-191.



460 Anil L. Paropkari et al.

Paropkari, AL; Rae, Ch M and Murthy, PSN
(1987). Environmental controls on the distribution of
érganic matter in recent sediments of the western
continental margin of India. In Petroleum Geochemis-
try and Exploration in Afro-Asian Region, eds., RK
Kumar et al., 347-361.

Paropkari, AL; Prakash Babu, C and Mascaren-
has, A (1992). A critical evaluation of depositional
parameters controlling the variabi_liiy of organic
carbon in the Arabian Sea sediments. Mar. Geol. (in
press).

Premusic, ET; Benkovitz, CM; Gaffnay, JS and
Walsh, JJ (1982). The nature and distribution of
organic matter in the surface sediments of world
oceans and seas. Org. Geochem. , 4, 63-77.

Qasim, S8Z (1977). Biological productivity of the
Indian Ocean. Indian Jour. Mar. Sci., 6, 122-137.

Ramamurthy, M and Murthy, PSN (1989). Distri-
bution of organic carbon in the surficial sediments off
Bombay, Ratnagiri and Calicut in the Arabian Sea.
Recent Geoscientific studies in the Arabian Sea off
India. Geol. Surv. India. Spl. Publ. No.24, 173-182.

Sahay, B (1978). Geology of Bombay High and
adjoining structure. OffShore South-East Asia Confer-

ence, 1-11.

Shukla, SN (1983). Petroleum geology of India. In
Schiumberger Well Evaluation Conference, India, 23-
25.

Singh, KP; Verma, JR and Sain, M (1987). Organic
geochemistry of recent marine sediments from west-
ern continental slope of India. In Petroleum Geochem-
istry and Exploration in Afro-Asian Region, eds.. R K
Kumar et al., 373-380.

Tissot, BP and Welte, DH (1978). Petroleum orma-
tion and occurrence. Springer-Verlag, Berlin, 538 p.

Whitmarsh, RB; Weser, OE; Ross, DA et al.
(1974). Initial reports of the DSDP, Vol. 23. US
Government Printing Office, Washington, 35-116.

Woodbury, HO; Murray Jr I B; Pickford, PJ and
Akers, WH (1973). Pliocene and Pleistocene depo-
centres, outer continental shelf, Louisiana and Texas.
AAPG Bulletin, 57, 2428-2439.



