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Summary 

Russian experts working in Indo-Stanvac Petroleum 

Project (ISPP) were first to advocate that Bengal 

basin has favourable conditions for generation and 

accumulation of hydrocarbons. In seven decades of 

exploration, commercial HC has been recently found 

in Mio-Pliocene and there have been HC indications 

in basal Oligocene sands, fractured Eocene limestone 

and Paleocene sequence. This has given a fillip and 

vigor to the exploration in the basin. There was 

ample evidence that there has been generation of 

hydrocarbons in the basin, but lack of geochemical 

data and source maturity in the basin margin and 

shelfal areas were a concern. One of the tools 

available for understanding charging mechanism in 

the basin is Petroleum System(s) Modelling (PSM) 

studies. Regional 3D PSM study carried out in the 

basin helped in understanding the maturity of source 

rocks. It indicated that Gondwana source rocks are 

mature in the basin margins and Eocene Shelf break?. 

The modelled Paleocene source rocks attain maturity 

in the shelfal area. Other modelled source rocks 

Eocene and Oligocene attain maturity beyond hinge 

zone. The study also indicated that the main 

hydrocarbon generation window and migration flux 

in the basin is from east of the hinge zone. There is 

absence of major structuration in the study area. In 

view of these observations area on/and around the 

hinge zone was suggested for stratigraphic traps. 

Subsequent Mio-Pliocene discovery in channel cut in 

the well D1, drilled on the hinge zone substantiated 

the above observation.  This is further corroborated 

by numerous hydrocarbon shows in the wells drilled 

on or near the hinge. Thus focus of exploration 

shifted to area around hinge zone.  To understand the 

possible charging mechanism and migration 

pathways, a 2D PSM study along a section having 

discovery well and area east of hinge zone was 

carried out. The study brought out that 

faults/fractures play a significant role in hydrocarbon  

migration to the reservoir, aided by flow paths in 

porous beds.  

 

Introduction 

 

Exploration history of Bengal basin dates back to late 

1940’s.Recent discovery in well D1 (2018) of 

hydrocarbons in Mio-Pliocene sequence in Bengal 

Basin has not only given a fillip to the exploration in 

the basin but also raised the hopes of commercial 

production from the basin in near future. Prior to this 

the hydrocarbons have been reported from Mio-

Pliocene, Oligocene basal sands, fractured Eocene 

limestone and Paleocene. These discoveries did not 

prove to be commercial but were indication of 

generation of hydrocarbons in the basin and remained 

an incentive for exploration in the basin. Interestingly 

the all the hydrocarbons finds have been reported 

from the wells drilled near or on the hinge. In above 

context, an analysis of migration pathways is done 

through  a 3D regional Petroleum System(s) 

Modelling study  and a detailed 2D study along the 

discovery well to east of hinge zone to understand the 

charging of reservoirs in the discovery area. The 

study area is given in Figure1. 

 

Geology, Tectonics and Stratigraphy 

 

Bengal basin, a polycyclic basin, has evolved through 

four distinct tectonic episodes.  

1. The rift stage, forming intra-cratonic rift 

basin, hosting Pre-trappean Gondwana 

sediments. 

2. The Rift-Drift transition stage marked by 

development of a series of hot spots 

characterized by effusion of Rajmahal 

volcanics.  

3. The Drift Stage from Late Cretaceous 

onwards marks evolution of the basin from 

marginal sag into a pericratonic one.  
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The Bengal basin is delimited by Indian shield in 

north and west and Surma basin to the east. The 

geology and tectonics of the basin are well 

documented and discussed by many authors. The 

Bengal basin is traditionally subdivided into four NE-

SW trending tectonic zones. These zones from west 

to east are as follows:  

a) Basin Margin zone: Characterized by shallow 

depth of Proterozoic rocks with   down to 

basement en-echelon fault system.  

b) Shelf zone: Where Proterozoic basement maintains 

a uniform low gradient towards east and south 

east.  

c)  Hinge zone: Characterized by sudden increase in 

the slope, distinct at the level of Eocene 

limestone top. 

d)  Deep Basin: Where basement is not identifiable in 

available seismic section up to a depth of 6 sec.  

The tectonic elements become conspicuous during 

Eocene period only, and are not well marked during 

the Cretaceous to Paleocene.  

The sedimentary package in Bengal basin can be 

broadly divided into Pre-Trappen and Post-Trappean. 

Sedimentary history of Bengal Basin is broadly 

subdivided into three parts. The first and older one is 

the Interior Fracture Stage having a thick non-marine 

Gondwanic sequence including the Rajmahal 

volcanics. The second one is the Divergent Margin 

Stage that initiated with the breakup of Gondwana 

land having the upper Cretaceous and lower 

Cenozoic (Paleocene-Eocene) sediments. The third is 

the Convergent Margin Stage with Upper Paleogene 

(Oligocene) and Neogene sediments which were 

developed due to the collision of Indian Plate with 

Burmese Plate during Late Eocene. This event 

resulted in the southerly tilt of the Bengal Basin with 

cessation of carbonate built-up and influx of 

terriginous sediments from the Indian craton side. 

The generalized straitigraphiy is given below (Figure 

2).  

 

 

Figure 1:  Study Area showing major tectonic elements 

  

 

Figure 2:  Generalised Stratigraphy of Bengal Basin 
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Petroleum System Modelling  

A petroleum system encompasses a pod of active 

source rock and all related oil and gas and includes 

all essential elements and processes needed for oil 

and gas accumulation to exist. The essential elements 

of a petroleum system are source rock, reservoir rock, 

seal rock and overburden rock. The processes include 

trap formation and generation-migration-

accumulation of petroleum. All essential elements 

must be placed in time and space such that the 

processes required to form a petroleum accumulation 

can occur (Magoon and Dow, 1994).  

 

Petroleum System Elements:Source,Reservoir and 

Seal  

The analysis of available source rock data in the 

basin indicate that organic matter richness in the 

basin is fair to good with fair to good remaining 

generation potential. The organic matter of all the 

sequences of Bengal basin is shown to be dominated 

by Type-III kerogen. Source rock data indicate that 

the Lower Gondwana coal and coal-shale sediments 

are mature source rocks in the basin, developed in the 

shelf area.  The Gondwana source rocks are not 

envisaged in the area around hinge and east of hinge 

zone. Geochemical analysis of oil from discovery 

well in the basin suggests that generation of 

hydrocarbons from source rocks of Late Cretaceous 

or younger age.  Source rock data for Paleocene is 

available only in a few wells. Paleocene is deposited 

in shallow marine environment in shelf areas and in 

deeper marine conditions east of hinge. In general, 

this sequence shows fair organic matter richness but 

poor generation potential. The carbonate facies of 

Eocene is observed to change basin ward into shale in 

several wells and may be potential source rocks. 

Oligocene sequence shows fair to good organic 

matter richness in the shelfal area. Miocene sequence 

exhibits fair organic matter richness but poor 

generation potential in the basin margin and shelf 

areas. In deep basinal areas, it shows fair to good 

organic matter richness but with poor generation 

potential. 

The oldest reservoir facies in the basin is Triassic 

Upper Gondwana, which is mostly sandy. Gas 

Indication (Patuli-1) reported from these rocks. Early 

Cretaceous is represented by Rajmahal volcanics and 

Late Cretaceous reservoir is represented by arkosic 

sandstone. Reservoir facies in Paleocene, Eocene, 

Oligocene and Mio-Pliocene sequences have proven 

oil and gas occurrences. Miocene sequence is having 

huge thickness especially towards SE part of the 

basin. Numerous Channel cut & fills are observed in 

this sequence. Pliocene sequence is present in almost 

entire basinal area & slopes homoclinally towards 

south. Numerous channel cut & fill are also observed 

in this sequence. These channel systems have special 

bearing on the hydrocarbon potentiality of this play, 

as the alternate, repetitive proto Damodar trend and 

proto Ganga may create an environment where 

multiple reservoir and cap rock facies would be 

stacked both laterally and vertically (Figure 3).  
 

 
Figure 3: Channel System in Oligocene and Mio-Pliocene 

 

Model Building: Basin and petroleum system 

models encompass all the geological data to constrain 

the elements and inherent processes to provide 

scenarios for petroleum system(s) to exist. An initial 

model geometry is built with horizon interpretations 

for Basement, Early Cretaceous (Rajmahal Traps), 

Paleocene, Eocene, Oligocene, Miocene and 

Pliocene. The seismic interpretation along with 

geological interpretation is populated in the 

PetroMod platform. This is followed by defining the 

facies, through which elements of an envisaged 

petroleum system are constrained and final model 

geometry is ready for simulations after thermal 

calibrations.  

Four source layers (1- in Paleocene, 2 in Eocene and 

1 in Oligocene), reservoir facies in almost all the 

ESP along Oligocene Top Spec-D (15-20-23 Hz)-Pliocene

Proto 
Damodar

Proto Ganga



Petroleum System(s) Modeling in Bengal Basin 

 

 

 

layers with intra formational seals at all levels are 

modelled as basic input parameters (Figure 4). 

Uncertainty has been studied by running multiple 

simulations with varying model parameters. 

 

 
Figure 4: Final model geometry 

 

Processes: Generation 

Maturity: Rock maturity overlay indicate that 

modelled  viz. Paleocene, Eocene and  Oligocene 

formations have attained peak oil generation window 

only in the areas on the hinge or to the east of shelf 

break, whereas in the shelf area, except for 

Gondwana and to some extent Paleocene formation, 

no other formations have attained adequate 

maturity(Figure 5).  

 

 
Figure 5: Rock maturity overlay 

 

Transformation Ratio (TR): The transformation 

ratios for Paleocene source rock are more than 50% 

in the modelled area and   other source rocks achieve 

50% transformation ratio near hinge zone only.  A 

transformation ratio (TR) of 50% is used to define the 

Critical Moment (CM).The analysis of critical 

moment is essential as it is the time that best depicts 

the generation-migration-accumulation of 

hydrocarbons in a petroleum system (Magoon and 

Dow, 1994). 

The Paleocene source rock achieves more than 50% 

TR on the shelf and hence critical moment. The other 

source rocks in Eocene and Oligocene achieve more 

than 50% transformation near or beyond hinge zone 

only(Figure 6).  

 

 
Figure 6: Transformation Ratios of modelled source rocks 

 

The critical moment for the Paleocene source rocks 

in the modelled area is 14Ma, Eocene source rocks 

10Ma and Oligocene source rocks is 4 Ma. Thus, 

effective source rocks are developed east of hinge 

zone. The Paleocene which has higher 

transformations throughout the basin is likely to be 

the major contributor to the accumulations in the 

basin (Figure 7). 

 

 
Figure 7: Critical Moment of modelled source rocks 

 

Migration: From the discussion in the pre para, it is 

safe to assume that major contribution of 

hydrocarbon charge will be from east of hinge zone 

and minor contribution from shelf. This is also 

observed in the 3D migration modelling (Figure 8). 
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Figure 8: Depicting 3D migration model 

 

In view of the lack of structuration in the study area 

the long distance migration towards shelf has greater 

chance of migration losses. For hydrocarbons to 

migrate into shallower traps, vertical migration 

pathways (faults) are imperative.  From the modelled 

section, it is evident that the expelled hydrocarbons 

have migrated towards the shelfal parts from deep 

basin through regional fault systems related to hinge 

zone (Figure 9). Micro faults present in the Oligocene 

and younger Neogene sequence can further help in 

migrating the hydrocarbons to the shallower levels. 

The same is further supported by the modelled 

accumulations shown in the Figure 9. Migration 

pathways are complex and are generally vertical 

along faults and fractures and lateral through porous 

layers.   

 
J D1

 
Figure 9: Migration pathways from hinge to shelf 
 

Entrapment: There is absence of major structuration 

in the study area. The strati-structural traps have 

proved to be hydrocarbon bearing in the basin. 

Channel-levee complex of two distinct river systems 

(Proto Damodar and proto Ganga) and their alternate 

stacking may provide good locales for stratigraphic 

hydrocarbon entrapment. During Mio-Pliocene Hinge 

zone area was in marginal marine setup leading to 

possibility of stratigraphic traps. The migration 

pathways suggest that strati-structural prospects near 

hinge zone are the most favourable locales for 

charging. 3D Petroleum System study suggested 

possibility of stratigraphic entrapment near the Hinge 

Zone area of Bengal Basin. The 3D PSM could 

suggest possible migration pathways into multiple 

reservoirs & demonstrate earlier established oil 

accumulation in Basal Oligocene sands near the 

hinge zone (Figure10). 

 

 
Figure 10: Modelled accumulation in basal Oligocene sands 

 

Charge Model:  

 

 
Figure 11: Charge analysis through source rock tracking 

 

From the above Figure 11, depicting source rock 

tracking in the modelled area, it can be observed that 

reservoirs are getting charged by multiple source 

rocks. Therefore chances of existence of multiple 

petroleum systems remain high. Although in view of 

the lack of oil to source correlation all the petroleum 

systems remain hypothetical. 
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Conclusions: 

1) The Paleocene source rocks are the effective 

source rocks in the basin 

2) Eocene and Oligocene are the potential 

source rocks in the basin. 

3) The Paleocene source rocks attain critical 

moment on the shelf as well beyond the 

hinge zone, whereas Eocene and Oligocene 

source rocks attain critical moment east of 

hinge zone only. 

4) The migration pathways are from east of 

hinge zone to shelf and then further 

westwards towards basin margin. 

5) Most promising area for the hydrocarbon 

accumulation is the hinge zone and area 

around it, in view of better migration & 

entrapment conditions. 

6) In absence of major structuration in the 

study area, strati-structural prospects emerge 

as the main hydrocarbon entrapment 

mechanism. 

7) In view of the lack of oil to source 

correlation all the petroleum systems remain 

hypothetical in the basin. 
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