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Summary 

 

Sequence stratigraphic approach was adopted to predict the lithofacies variation away from the data control points/areas in 

the Meso-NeoproterozoicVindhyan basin. Basin scale sequence stratigraphic framework lead to the identification of four 

possible petroleum systems viz. Arangi-Kajrahat-Jardepahar (?), Arangi-Jardepahar-Jardepahar (?), Charkaria-Chorhat-

Rampur (?) and Rampur-Rohtas-Rohtas (?) within the Lower Vindhyan succession. Shaliness of sandstones reservoirs 

increases towards the basinal side i.e. towards the north in Jabera graben and south in Damoh graben. Limestone reservoirs 

are cleaner in the interbasinal areas away from the points of clastic inputs for all the limestone intervals. Primary reservoir 

properties are found to be poor for both the cleaner clastics and carbonate reservoirs because of pervasive diagenesis. Silty 

shale, silty sandstones and limestones with thin shale/silt interbeds are found to have more natural fractures as well as more 

amenable to hydro-fracturing during production testing than their cleaner counterparts. Understanding of this critical aspect 

has the potential to brought paradigm shift in the exploration strategy for this basin. 

 

Key words:  Frontier exploration, Sequence stratigraphy, Unconventional reservoirs, Petroleum system, Hybrid exploration 

model. 

Introduction 

 

With the commencement of drilling activity of the first 

rank wildcat well Jabera #1 in year 1990, Vindhyan basin 

of central India came to the forefront of hydrocarbon 

exploration. Seven wells have hitherto been drilled in Son 

Valley sector and gas occurrences are reported from 

different stratigraphic levels, although commerciality of 

the same is yet to be established.  Attempt was made to 

harness the predictability aspect of sequence stratigraphy 

away from the data control points/areas, viz. variation in 

the shaliness of the sandstones or cleanliness of the 

limestone reservoir in particular direction and the spatio-

temporal distribution of different petroleum system 

elements (source, reservoir and seal facies). This is 

achieved through detailed facies analysis and 

paleogeographic interpretation using regional seismic data 

and well logs apart from the sedimentological data sets. 

Basin scale facies architecture and depositional models for 

different time-slices enabled us to predict the lithfacies for 

different stratigraphic intervals, in data poor areas. This 

type of attempt has never been made for this basin.  Four 

petroleum systems have been envisaged on the basis of 

spatio-temporal distribution of different petroleum system 

elements, i.e. source, reservoir and seal and reported 

hydrocarbon shows i.e. Arangi-Kajrahat-Jardepahar (?), 

Arangi-Jardepahar-Jardepahar (?), Charkaria-Chorhat-

Rampur (?) and Rampur-Rohtas-Rohtas (?) petroleum 

systems (PS) from bottom to top, and possibility of 

hydrocarbon accumulations in the weathered/fractured 

basement is also invoked. 

 

Tectonic setup and stratigraphy 

 

The arcuate shaped Vindhyan basin of central India has 

developed over the Archaen-Paleoproterozoic basement 

consisting of highly deformed metamorphics and granitic 

rocks. As seen today Vindhyan rocks are present in two 

sectors, i.e. Son valley and Rajasthan-Chambal valley 

(Figure 1). The major tectonic elements in and around the 

Vindhyan basin are Narmada-Son lineament to the south, 

Great Boundary Fault to the north-west and number of 

interbasinal faults cutting across the basin such as Kota-

Dholpur, Ratlam-Sivpuri, Basoda-Barsingarh, Kannod-
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Damoh-Bansipur-Rewa and Mukundra fault. Bundelkhand 

gneissic complex is situated in the north-central part and 

imparted a dominant control on the evolution of Vindhyan 

basin. Son-Narmada lineament is considered as the 

southern basin boundary fault (West, 1962  and Chaubey, 

1969) which defines the Son valley vindhyan basin. There 

are different tectonic models suggested for this basin such 

as intracratonic basin (Biswas et al., 1993), foreland basin 

(Chakraborty, 1996), rift basin with well-defined syn-rift 

and post-rift phases (Ram et al., 1996; Bose et al., 2001). 

The current study demonstrate that Vindhyan basin 

initiation took place under an extensional regime with 

complex extensional fault system defining horsts and 

grabens with pronounced along-strike variation in 

morphology and style.  Overall the Vindhyan succession is 

mildly deformed except in basin margin areas where the 

lower Vindhyans are moderate to strongly deformed and 

thrusted over by the older rocks.  Son valley Vindhyans has 

an ENE-WSW trending regional synclinal disposition with 

minor westerly plunge.  

 

Vindhyan succession represents a thick sedimentary pile, 

about 6000m belonging to Meso–Neoproterozoic age.  The 

entire succession belongs to two distinct depositional 

cycles. The older one dominantly calcareous and 

argillaceous with volcaniclastics, referred to as Semri or 

Lower Vindhyan. The younger cycle, is dominantly 

siliciclastic with minor proportion of carbonates, 

commonly known as Upper Vindhyan comprising of 

Kaimur, Rewa and Bhander Subgroups. The upper 

Vindhyan succession unconformably overlies the lower 

Vindhyans. The stratigraphic succession of 

VindhyanSupergroup is presented in (Table 1). 

 

Figure 1: Geological map of the basin covering both the Son and 

Chambal valley sectors. Study area is shown with a rectangle, 

along with the drilled wells and approximate position of the 

seismic line and the accompanied facies model marked with 

arrow heads (X-X’). 

 

 
Table 1: Generalized stratigraphy of the Son valley sector, 

Vindhyan basin. Details of only Lower Vindhyans is given. 

 

Methodology 

 

This study was carried out with synergistic use of 

subsurface and outcrop data. Reflection seismic data (Post 

stack time/depth migration data) was relied upon to a large 

extend to understand the basin configuration and stratal 

pattern; well logs, cutting and core data was used to 

construct the facies stacking pattern through the basin 

filling history. Outcrop observations from the published 

literature were also carefully integrated. Well logs are 

carefully tied to the seismic data and different formation 

tops are picked up and correlated. A representative seismic 

section going across the Son valley sector of the Vindhyan 

basin is chosen which captures the basin architecture and 

connects key wells drilled at different physiographic 

position in the basin (Figure 2a). This seismic section is 

flattened at the Charkaria Shale top, which is a continuous 

reflector to remove the effect of tectonic overprinting 

(Figure 2b). Lithologies of the total drilled section of all 

the three wells are plotted and attempt was made to 

correlate different facies across the basin following the 

standard facies correlation rules with due consideration of 

the stratal pattern. The prepared facies model (Figure 3), is 

the mainstay for the visualization of the paleogeography 

through different time slices.  Different sequence 

stratigraphic surfaces are identified leading to the 
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identification of number of systems tracts and sequences 

and finally the sequence stratigraphic framework have 

been presented and the suggestions were made to improve 

the exploration model.  

 

Facies analysis and Sequence stratigraphy 

 

For the detailed facies analysis, lithologs of three drilled 

wells i.e. A-2 (drilled depth 5324 m), C-1 (drilled depth 

4395m) and B-1 (drilled depth 3501m) were constructed 

using the cutting and core information with due 

consideration of the electrolog motifs. Constructed well 

logs were hanged in a NW-SE trending 2D seismic line 

which goes across the Son valley Vindhyan area and passes 

through these wells. Well C-1 is slightly off the passing 

regional seismic line; therefore this is projected against this 

line.  This line clearly depicts the 2D architecture of the 

basin (Figure 2a, b ); well A-2 and B-1 are placed within 

the southern (Jabera) and northern (Damoh) half-grabens 

respectively, while well C-1 is located within an 

intervening horst block. For the preparation of 2D facies 

model it is required to bring the seismic data into the pre-

deformed stage. Since this area is not very severely 

deformed, detailed structural restoration is not warranted.  

Flattening of the seismic section at a suitable level served 

the purpose of overcoming the effect of tectonic 

overprinting which does not affect the original relative 

positions of wells and sediment fill architecture. 

 

Seismic section was flattened at the Charkaria/Koldaha 

Shale top, which is characterized by a through going 

reflector and does not, truncates against any surface.  

 

The well A-2 has penetrated upto the Arangi Shale level, 

681m of Arangi Member is registered in this well, which 

is characterised by black shale and siltstone intercalations 

TOC ranges between (0.5-10.14%), nature of the Deoland 

Formation at this location is not known. Overlying 

Kajrahat Formation which is at the range of 1529m is 

dominantly siliciclastic (sandstone-siltstone intercalation) 

and a relatively thinner carbonate succession encountered 

only at the formation top level. Sandstones and siltstones 

of this formation show high gamma-ray values; therefore 

the gamma ray log motif is unreliable for depositional 

trend interpretation. Instead other log suits and the actual 

lithology recorded from cutting information is being used.  

Jardepahar (Porcelanite) Formation (704m) starts with a 

thick volcani-clastic layer and dominated by siltstone- 

 

porcelanite intercalations, volumetric proportion of shale 

is very less. Charkaria Olive Shale/Koldaha Shale (891m) 

is dominantly shale with minor siltstone intercalations 

(TOC 0.42-1.84%), gradually the siltstone-shale ratio 

increases towards the top which finally becomes 

sandstone, i.e. Chorhat Sandstone.   Here for the sake of 

convenience of interpretation both the Charkaria and 

Chorhat units are clubbed together and is marked as 

Charkaria Top. There is a shale unit above the Chorhat 

Sandstone, which gave rise to Mohana Fawn Limestone 

(140m) up the section. The lower limestone member of the 

Rohtas Limestone is encased within a thicker shale-

siltstone interval, up the section siltstone-shale ratio 

increases. The upper Rohtas Limestone member is also 

intercalated with shale-siltstone.   

 

Well C-1 is located at the basement high (horst block) and 

has penetrated upto the granitic basement, a thick and clean 

limestone unit is encountered at Kajrahat level (382m) 

with no intervening siliclastics before landing up in the 

granitic basement, siliciclastic were altogether absent at 

Kajrahat Formation interval. Rest of the succession 

encountered in this well is similar to the well A-2, albeit 

there is perceptible decrease in the grain size of the 

siliciclastic rocks. Well B-1 in located in the northern half-

graben drilled upto the depth of 3501m and penetrated upto 

the upper part of Arangi Formation. In this well Arangi 

Formation mainly consists of shale-siltstone in the lower 

part which becomes sandy up the section. There is also a 

minor limestone unit in the lower part of the succession. 

Overall log motif of this unit is similar to that of the upper 

part of the Arangi Formation drilled in A-2 well.  Kajrahat 

Formation is dominantly shale-siltstone in the lower part 

and is topped by thicker limestone interval. Lithological 

character of the Jardepahar, Charkaria/Koldaha and 

Mohana Fawn Limestone formations are also quite similar 

to the corresponding interval in well A-2 and C-1, however  

both the limestone units of overlying Rohtas Formation is 

missing in this well, owing to erosion. 
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Figure 2:  A representative seismic time section going across the Son valley sector of the Vindhyan basin which captures the basin 

architecture and connects wells drilled at different physiographic position in the basin (a), formation tops are given alongside. This seismic 

section is flattened at the Charkaria Top, which is a continuous reflector to remove the effect of tectonic overprinting (b). Well A-2 is located 

in Jabera area, B-1 in Damoh and C-1 in Nohta area respectively. 

 

 

Constructed facies model (Figure 3), provided the 

necessary information for paleogeographic interpretation 

and visualization of depositional model in time-space 

framework. Major clastic supplies for the Jabera half- 

graben  seem to be from the southern hinterland (Narmada-

Son Area) while for the Damoh half-graben was from the 

northern Bundelkhand massif area. Clastic sediments of 

the Arangi and Kajrahat formations were absent in the C-1 

well because of its higher physiographic position and away 

from the basin margin.  This prediction is substantiated by 

north-westerly paleocurrent and the stratal pattern showing 

downlap/onlap against the Nohta horst block. Kajrahat 

limestone was found directly resting over the granitic 

basement in the C-1 well with no intervening clastic 

sediment. Overall an inter-tonguing facies relation is 

invoked; sediment delivery from the Nohta horst block is 

much less in comparison to the major hinterland area to the 

south. Limestone facies is much thicker and cleaner in the 

Nohta area in comparison to the Jabera area, the main 

carbonate factory seem to had developed in the basinal 

highs due to minimal clastic delivery to the area and in the 

basin margin areas away from the points of clastic inputs. 

Outbuilding/shedding of carbonates to the adjoining 

basinal areas is inferred. Overlying Jadepahar Formation is 

dominantly shale-silt-porcelanite alternations, which 

indicates that sedimentation took place in a shale-silt 

depositional environment wherein there is intermittent 

input of volcani-clastics.  Siltstone interbeds encountered 

at this level in well A-2 become shaley in the distal part of 

the basin as registered in well C-1, indicating the souther 

hinterland area remained the main provenance for 

sediment supply. Jardepahar Formation is overlain by thick 

and widespread regional Charkaria/Koldaha Shale 

encountered in all the wells, having fair organic richness 
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(TOC 0.42-1.84%), which points towards anoxic basinal 

condition possibly in a relatively deeper bathymetry.  

Figure 3: Facies model prepared with integration of seismic and well log data. Sequence stratigraphic framework is proposed on the basis of 

identified surfaces. 

 

Above the Chrakaria Shale there is prograding sandstone- 

siltstone tongue (Chorhat Sandstone) from the south as 

depicted in the facies model (Figure 3). Up the 

stratigraphic section the Mohana Fawn Limestone is 

encased within a shale interval, which is also encountered 

in all the wells. Siliciclastic supply from the south 

continued during the Rohtas time as well, leading to the 

formation of less cleaner carbonate at Jabera area in 

comparison to the Nohta area. During the deposition of the 

Mohna (Fawn) Limestone carbonate platform was 

extensive and it continued till the end of Rohtas 

sedimentation although punctuated intermittently by 

siliciclastic invasion.  

 

Sequence stratigraphic framework of the Lower Vindhyan 

succession is constructed (Figure 3), Seven T-R sequences 

are identified, two of them formed during the syn-rift phase 

and five during the post-rift phase. Boundary between the 

syn-rift and the post-rift succession records a major 

transition in the tectonic milieu, facies continuity increases 

drastically across this surface and the sedimentary body 

geometry become much tabular during the post-rift phase, 

owing to homogeneous thermal subsidence. Lower 

Vindhyan succession is bounder at the bottom and top by 

Subaerial Unconformities (SU), the basal one is   

basement-sediment cover interface and the upper boundary 

is the contact between Lower and Upper Vindhyan. As per 

the hierarchy 2nd Order T-R sequences are hosted within 

the 1st order sequences. Each of the 2nd order sequences 

contain two Systems tracts i.e. Transgressive Systems 

Tracts (TST) and Regressive Systems Tracts (RST). 

 

Sequence stratigraphic approach fundamentally addresses 

the spatio-temporal facies variations in response to 

changing base level and sediment supply. Basin scale 

distribution of source, reservoir and sealing facies are well 

predictable in the light of this study. Good source facies 

distribution is predicted at Arangi Formation level all 

along the graben axis, in both the Jabera and Damoh 

grabens. Clean limestone is expected at Kajrahat level 

topping the horst blocks in its strike continuity. In the 

proximal areas sand rich facies are expected at Chorhat and 

Basuhari level and the shaliness increases towards the 

distal part, on the other hand limestone units are predicted 

to be dirtier in the proximal and cleaner in the distal areas 

at Kajrahat, Mohna (Fawn) and Rohtas level. This is well 

depicted in the facies and sequence stratigraphic model 

(Figure 3). 
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Envisaged petroleum Systems (PS) 

 

Four petroleum systems were envisaged within the Lower 

Vindhyan, from bottom to top, on the basis of detailed 

facies analysis and insights from known hydrocarbon 

occurrences.  

 Arangi-Kajrahat-Jardepahar (?),  

 

 Arangi- Jardepahar -Jardepahar (?),  

 

 Charkaria-Chorhat-Rampur (?) and 

 

 Rampur-Rohtas-Rohtas (?) petroleum systems  

 

Organic rich Arangi shale onlaps against the horst blocks 

and therefore provides ideal situation for the HC charging 

of the weathered/fractured basement. However the 

basement plays are never explored in this basin and can be 

a future target.  

 

Arangi Shale constitutes the source rock (TOC 0.5-

10.14%) for the PS 1 and 2 where as Kajrahat and 

Jardepahar formation are the possible reservoirs 

respectively. Charkaria Shale (TOC 0.42-1.84%) is the 

source for PS 3 and Rampur Shale (TOC 1.14-1.78%) is 

source for PS 4. From the insights gained so far for this 

basin indicates that the Rohtas has a separate petroleum 

system, the subjacent shale intervals and the shale 

intercalations with the Rohtas limestone are the source 

rock for this PS, independent from the deeper PS. Outcrop 

based study and source rock analysis carried out by 

(Banerjee et al., 2005;  Banerjee and Jeevankumar 2007) 

also have given similar inferences. There are sufficient 

source rocks in terms of organic richness and volumetrics, 

sealing units are also abundant in this basin, since number 

of transgressive shales in this basin act as regional seals. 

However, locating good reservoirs is of major concern, 

since the thick clean sandstones have poor reservoir 

character in terms of both porosity and permeability. 

Deterioration of the reservoir properties have taken place 

due to deep burial and pervasive diagenesis (Figure 4), 

possibly caused by preferential diagenetic fluid movement 

along the initial more porous and permeable units. 

Suturing of detrital grains and concavo-convex contacts 

along with silica cementation rendered these units less 

porous. Carbonate units such as Kajrahat limestone is 

stromatolitic in nature, which is highly dolomitized and 

compacted with negligible porosity, especially the clean 

units as seen in well C-1. Mohna (Fawn) and Rohtas 

limestone are micritic in nature with multi-phase 

diagenetic impressions, observed in all the wells. Cleaner 

and thicker units of these intervals also have poor reservoir 

properties, except close to the fault zone where fracturing 

has taken place. 

 

 
Figure 4: Silica cementation/chertification caused the 

deterioration of reservoir properties (Kajrahat level).  

 

In this basin it is observed that of thin sand-siltstone 

intervals have better reservoir characters than their cleaner 

and coarser counterparts. . In case of carbonates, thinner 

limestone beds and limestone beds with shale-siltstone 

intercalations possess better reservoir properties as well.  

Fracture densities of the thinner beds (shale-

siltstone/limestone) are more in comparison to the thicker 

units. At the same time, thick sandstones by virtue of their 

rheological character are less prone to hydro-fracturing 

during production testing than less competent sand-silt 

intervals. Shale intervals often exhibit plastic deformation 

rendering them poor reservoir. Silty shale units with 

brittleness are potential reservoirs. It is therefore suggested 

to target above type of unconventional reservoirs in this 

basin. It is conceptualized in (Figure 5), that the middle-

interval of fining and coarsening-up units consisting   of 

thin sand-siltstone intervals are likely to be better 

reservoirs than cleaner and coarser ones. Similarly the 

serrated units consisting of sand-siltstone interbeds are 

likely to be better reservoirs. 

  
Figure 5: Relatively thin beds with less clean lithology have 

better primary as well as secondary/fracture porosity and are 

more amenable to hydro-fraccing. 
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Discussion 

 

Drilling and the production testing results of the shallower 

Rohtas play in the Nohta area deeper plays in Jabera area 

indicates presence of gas at different stratigraphic levels, 

however the rate of production and pressure is relatively 

low rendering it non-commercial. Exploration knowhow 

from the Mesoproterozoic basins throughout the world 

indicates that there is no commercial production of 

hydrocarbon from analogous basins so far. And therefore 

it is argued that Vindhyan basin has an unconventional 

type of hydrocarbon play, in terms of reservoir character. 

Keeping these aspects in mind it is worthwhile to test the 

shallower plays through horizontal drain hole with multi-

stage fraccing to establish its commercial viability. 

Techno-economic analysis to be carried out keeping in 

mind the drilling and developing cost of horizontal wells. 

An unconventional hybrid exploration model is the need of 

the hour for this frontier area to harness the hydrocarbon 

resources of this basin. 

 

Conclusions 

 

Vindhyan basin of central India has attracted the attention 

of hydrocarbon (HC) explorationist despite its Meso-

Neoproterozoic age.  Although rocks of this age are 

generally poor in HC potential, presence of good source, 

reservoir and seal facies with no imprints of 

metamorphism qualify this basin as an exploration target. 

Exploration efforts so far has given mixed bag of results, 

gas was struck at different stratigraphic levels in number 

of exploratory wells, but the commerciality of the same is 

yet to be established. Play scale reservoir 

continuity/heterogeneity could be fairly established in data 

poor areas through detailed facies analysis and sequence 

stratigraphic studies. However rocks of reservoir facies 

such as clean sandstone and limestones have very low 

primary porosity due to pervasive diagenesis. Four 

petroleum systems are envisaged on the basis of 

distribution of petroleum system elements in space and 

time throughout the basin. Possibility of existence of a 

basement play is also invoked.  In order to establish the 

commerciality of the HC charged reservoirs, it is required 

to adopt a hybrid exploration model with drilling of 

horizontal wells and multistage hydro-fraccing.  
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