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Summary 

 

Cuddapah basin, situated along the eastern margin of 

the Dharwar Craton, is one of the largest Proterozoic 

basins in Peninsular India. While multiple gas 

discoveries have been made in recent times in 

geologically similar Proterozoic Vindhyan basin, 

hydrocarbon potential of Cuddapah basin is little 

understood despite the fact that the basin is said to 

have accumulated thick Proterozoic sediments. One 

of the main reasons of this poor understanding is lack 

of seismic and well data in the basin.  

 In order to encourage exploration activities and 

appraise the sedimentary basins having no/scanty 

data, Govt. of India launched the National Seismic 

Program (NSP) in 2016. Under this program, 959 

LKM of regional 2D seismic data have been acquired 

in 2018 for the first time in Cuddapah basin. This has 

opened up the opportunity to understand subsurface 

geology of the basin.   

The present study is aimed to integrate newly 

acquired 2D seismic data with available surface 

geology (outcrop), geochemical study and gravity-

magnetic data to understand basin architecture, 

sediment deposition and hydrocarbon potential of the 

basin. Based on the study, presence of thick 

sedimentary packages of Gulchehru, Vempalle and 

Tadpatri formations, within which probable reservoir 

(sandstone, limestone and dolomite) and source rocks 

(organic rich carbonates and shale) are likely to be 

present, have been confirmed. Multiple structural 

features like anticlines and fault closures within all 

the above three formations have been envisaged as 

probable traps for hydrocarbon accumulation. Size of 

the traps varies between 10-80 sq km. Overall, areas 

have been narrowed down where further exploration 

activities may improve the understanding of 

hydrocarbon prospectivity of the basin.  

 

 

 

Introduction 

 

Crescent shaped Cuddapah basin of Paleo-to- 

Neoproterozoic age, located in the eastern part of 

Dharwar craton occupies an area of about 40,100 

square kilometres with stratigraphic thickness 

ranging between 6 to 12 kms. The Eastern Ghat 

mobile belt thrusted over Proterozoic rocks marks the 

eastern limit of the basin while along the western 

convex margin, sediments display unconformable 

relationships with Archaean granites and gneisses of 

Dharwar craton.  

Earlier, Proterozoic basins were not considered as 

suitable for hydrocarbon exploration because of 

popular belief that proterozoic sediments are 

excessively metamorphosed, having very little 

organic content and tectonically disturbed. However, 

according to Meyerhoff (1980) if the strata are 

 

Figure 1:Geological Map of Cuddapah Basin with an overlay of 

2D seismic lines acquired under National Seismic Program 
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unmetamorphosed, and there was sufficient life at the 

time the beds were deposited, age does not matter 

(Ram etal., 2012). It has now become more widely 

recognized that many Proterozoic basins have had a 

mild thermal history and they remained less disturbed 

throughout the Phanerozoic time. Also, 

palaentological research has shown that there were 

abundant sources of oil-prone organic matter during 

the Proterozoic time. In recent times, commercial 

hydrocarbon production has been established in many 

Proterozic basins in Australia, China, Siberia and 

Oman. Proterozoic Cuddapah basin is a Category-III 

sedimentary basin of India and is geologically 

analogous with Vindhyan Basin, which is another 

Proterozoic sedimentary basin located in central part 

of India. Presence of gas within Jardepahar clastics in 

Well Jabera-1 (1991) followed by subsequent 

discovery of gas in fractured Rohtas Limestone in 

well Nohta-2 (2012) in Son Valley area and most 

recently commercial gas discovery in Hatta-2 (2018) 

have proven the hydrocarbon potential of the basin. 

 

Exploration History 

 

The investigations of the basin started at the end of 

nineteenth century. The detailed geological survey on 

the scale of 1:250000 was completed in 1981 by 

Geological Survey of India (GSI). The detailed 

gravity observations were carried out in 1968 and 

1985. Aeromagnetic operations were completed 

towards the end of 1960s. The bouguer anomaly Map 

in the form of gravity atlas was prepared by ONGC 

with the data of GSI, NGRI, ONGC, SOI, and OIL. 

Two Deep Seismic Sounding (DSS) profiles were 

acquired in late 70’s and early 80’s. Both of these 

seismic profiles, with the data of geological surveys 

and gravity magnetic observations, made it possible 

to determine the boundary of the basin and within it 

identify different blocks/subbasins.  

 

Geochemical study was carried out in 2010 to 

analyse absorbed soil gas data. Total 304 soil samples 

were analysed during this study which demonstrated 

that the basin has hydrocarbon resource potential. 
No exploratory wells related to hydrocarbon 

exploration has been drilled so far.  

 

In the year 2018, 2D seismic data of 959 Line 

Kilometres (LKM) have been acquired under 

National Seismic Program (NSP) in the western and 

central part of the Cuddapah basin covering major 

parts of  Papagani & Kurnool sub-basins (Figure 1). 

These 2D seismic lines are coarsely spaced with an 

average line spacing of about 50 kms. However, lines 

are long enough (~80-200 kms) to provide regional 

seismo-geological perspective of above mentioned 

sub-basins. The acquisition of these 2D data has 

opened up new vista to understand major subsurface 

sedimentary packages and their thicnesses, presence 

of possible reservoir and seal rocks and key structural 

elements which will lead to define future exploration 

strategy in the basin. 

 

Regional Geological Setting  

 

Cuddapah basin, initiated as pericratonic rift  and 

later culminated as foredeep with westward-directed 

orogenic front (Ram, 1993). The basin has evolved 

during Paleoproterozoic to Neoproterozoic time and 

thickness increases from west to east signifying the 

deepening of basin towards east with sediments 

thickness goes upto 12 kms. 

 

Figure 2: Different sub-basins of the Cuddapah Basin 
(Saha etal.,2012) 
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Geological Survey of India prepared a detailed 

geological map on 1:250,000 scale in 1981. Murthy 

(1981) has described the evolution of this 

polyhistoric Cuddapah basin with the following 

major stratigraphic subdivisions:  

 

1. Formation of rectangular/ oval shaped western 

sub-basin in lower Cuddapah named Papaghni Sub-

basin 

2. Development of linear N-S Nallamalai sub-basin 

in the east. 

3. Shallow spreading type Srisailam sub-basin in 

northern part represented by the Srisailam plateau. 

4. Development of Kurnool-Palnad sub-basin. 

 

According to the recent classification by Kale & 

Phansalkar (1991), Saha & Tripathy (2000) and 

Meert & Pandit (2015),  Cuddapah basin comprises 

the Cuddapah Supergroup and the Kurnool Group of 

sediments separated by a major unconformity  

(Figure 3). The Cuddapah Supergroup is developed 

in Papaghni, Nallamalai and Srisailam sub-basins. 

Cuddapah Supergroup further comprises of Papaghni 

Group, Chitravati Group, Nallamalai Group. Detail 

stratigraphy of the basin is given below. 

 

 

Papaghni Group: 

The sub-elliptical Papaghni sub-basin mainly consists 

of the Papaghni Group comprising of the Gulcheru 

formation (conglomerate, sandstone and shale) and 

the Vempalle formation (dolomitc limestone, 

calcareous shale and shale) represents the lower part 

of the Cuddapah Supergroup. The basal Gulcheru 

formation consists of a matrix to clast-supported 

thick-bedded conglomerate with occasional interbeds 

of trough cross-bedded sandstone reprents alluvial-

fluvial environment. The basal facies grades upward 

to massive to trough cross-bedded pebbly sandstone 

(7 m), which possibly represents sheetflood deposits. 

Presence of trace fossils (Saha, 2006) and organic-

mat structures (Chakraborti & Shome, 2010) 

representing the interaction of microbial communities 

in one of the oldest Palaeoproterozoic basins in India.  

 

Gulcheru formation grades upwards to Vempalle 

formation,  a mixed siliciclastic–carbonate unit with 

stromatolitic limestone–dolomite beds, calcareous 

and laminated shale. Lower part consist of limestone-

dolomites intercaletd with shale. Biosedimentary 

algal structures found within dolomitic units. 

Presence of fractures in limestone-dolomite units are 

reported in the basin (Ram et al., 2012). These 

intertidal–subtidal carbonates may have both source 

 

Figure 3: Generalized Stratigraphy of Cuddapah Basin 
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and reservoir potential. Upper part of Vempalle has 

many mafic flows, sills and dykes. 

 

Chitravati Group: 

 

Chitravati Group overlies Papaghni Group with a 

basal conglomerate marking the unconformity. It 

consists of Pulivendla formation, Tadpatri formation 

and Gandikota formation. Pulivendla formation 

consists of basal conglomerate, rippled siltstone and 

trough cross-bedded, well-sorted sandstone.  

Pulivendla formation grades upwards into Tadpatri 

formation, consists of heterolithic shale, thick 

dolomitic limestone with algal laminites–

stromatolitic mounds. These lithofacies suggests an 

intertidal–subtidal depositional regime. Abundant  

stromatolites and other organic life indicates source 

rock potential of Tadpatri formation. The 

development of plane-laminated shales in the upper 

part of the formation suggests sea-level rise. The 

sedimentation is punctuated by mafic and minor acid 

volcanism (Saha et al., 2012). 

 

In the east-central part of the Papaghni subbasin, the 

Tadpatri formation is overlain by Gandikota 

Formation. This formation  consists of quartzite 

intercalated with shale-siltstone-sandstone. In the 

western part of the Cuddapah Basin the deposition of 

the Chitravati Group is followed by a major hiatus, 

marked by an angular unconformity that extends over 

the entire Papaghni sub-basin.  

 

Srisailam Formation: 

Srisailam sub-basin occurs in the north-west part of 

Cuddapah basin and comprises the youngest 

formation (Middle Proterozoic) in the Cuddapah 

Super group having a maximum thickness of 300 m 

(Nagaraja Rao et al., 1987). 

 

Kurnool Group: 

The basal conglomerate of Kurnool Group overlies 

the Papaghni and Chitravati Groups, and onlaps the 

basement Peninsular Gneiss in the NW part of the 

Cuddapah Basin (Saha et al. 2006).  

 

Dataset and Methodology 

 

Eight profiles of 2D seismic of total 959 LKM ( line 

spacing of approximately  50kms ) has been acquired 

under the National Seismic Program (NSP) in this 

basin. These seismic lines along with detailed 

geological map of Geological Survey of India (GSI) 
 

 Figure 5: Major faults (in black) and regional seismic 
sections AA’ , BB’, CC’ are marked in base map 

 

 

Figure 4:Regional west to east section across basin (modified after Ram, 2012) 
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and gravity map prepared by ONGC was integrated 

to build geological framework of this basin. 

Geologically analogous Vindhyan basin data  was 

also considered to speculate various components of 

petroleum system.  

The present work comprises study of stratigraphic 

units in the outcropped section through published 

literatures and understanding the pattern of 

deposition, depositional breaks within sedimentary 

successions. Eight profiles of 2D NSP Post Stack 

Time migrated (PSTM) seismic data were interpreted 

in the Papaghni and Kurnool sub-basin of the 

Cuddapah basin. As the eastern margin of the basin 

(Nallamalai fold belt) is highly tectonised 

(folded/faulted) and exposed rocks are mostly 

metamorphic in nature (Figure 4),  the study area 

excluded eastern margin part and focused on western 

part of the basin. In the absence of any well data in 

the basin, surface geological map was considered as 

the main reference to interpret subsurface geology.  

Stratigraphic horizons were interpreted in 2D PSTM 

seismic and tied with stratigraphic boundarieds 

exposed on the surface. Major stratigraphic tops viz. 

Basement, Gulcheru, Vempalle, Tadpatri, Gandikota 

and Kurnool base were identified in 2D lines based 

on their outcrops and mapped across western part of 

the basin. Time structure and isochron maps for each 

formation top were generated and structural 

framework model was prepared. As RMS Seismic 

velocity is the only subsurface velocity information 

avaialable in the basin, Dix conversion was used to 

get interval and average velocities along 2D lines and 

interpolated laterally to build a velocity model for 

depth conversion.  The velocity model could not be 

calibrated with any geologic formation velocity due 

to absence of any well data in the area. However, the 

velocity model was found to be useful to a first 

approximation for estimation of likely depths of 

major seismo-stratigraphic boundaries. All the 

interpretaed time horizons and 2D time sections were 

converted into depth to understand basin architecture 

and sedimentation pattern. Interpretations were 

carried out in Decision SpaceTM software suite.  

 

Discussion 

  

Structural framework model of the basin suggested 

overall eastward dipping sedimentary sequences with 

depocenter lies at central part of the basin. Basement 

is a strong reflector, marked by increase in acoustic 

impedance as it is overlain by Gulcheru sand/shale.  

Regionally basement shows east ward dipping with 

maximum depth of around 12km (Figure 6). 

Basement was intersected by a series of 

predominantly NW-SE and ENE-WSW trending 

deep seated normal faults, which probably resulted 

by initial rifting phase during Paleoproterozoic time 

(Figure 5). These faults underwent multiple 

reactivation during later phases of collision. 

 

 Deepest sedimentary sequence, Gulcheru 

formation follows eastward dip and identified by 

decrease in acoustic impedance contrast between 

sand/shale of Gulcheru and overlying Vempalle 

carbonate. Internally, the sequence exhibits 

predominantly discontinuous and low frequency 

reflectors. Gulcheru formation is 100-200m thick in 

eastern and southern periphery of the basin while the 

 

Figure 6: (a) Gravity anomaly map Gravity Atlas prepared by ONGC (b)Petro-density model of the earth crust section along CP-L05 line  (b) 

Section depicts basinal configuration; Source: (a) from ref. gravity atlas by ONGC and (b) from ref. ƮEOCPTA 
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formation gradually gets thicker towards center. 

 

Vempalle formation, marked by increase in 

impedance contrast with continuous to discontinuous 

reflectors with variable amplitude. The sequence 

seems to be conformable with underlying sequences 

and follows the same regional trend. The sequence 

was further subdivided into two zones based on 

distinct seismic characteristics. The lower zone of the 

formation is characterised by relatively continuous, 

multiple-bedded band with strong amplitude stand-

out, interpreted as Vempalle carbonate interbeded 

with shale. Howerer, the upper zone is characterised 

by  lower amplitude, interpreted as shale rich 

monotonous zone overlain by conglomerate/siltstones 

of Pulinvendla/clastics of basal Tadpatri formation. 

Over all, sequence maintained thickness of 1300 to 

1400 m. Although rms velocity data indicated that 

rocks are compact and possibly with very less 

primary porosity, however, outcrop study established 

presence of fracture in limestone and dolomites of 

Vempalle formation, which may act as potential 

reservoir rock. Argillaceous units and stromatolitic 

assemblage within this formation may act as probable 

source rock. 

 

Chitravati Group rests unconformably on Papaghni 

Group, marked by weak acoustic impedance contrast. 

However, Pulivendla formation cannot be mapped as 

the formation thickness is less than seismic vertical 

resolution. Tadpatri formation and overlying 

Gandikota formation were mapped across the basin. 

Tadpatri formation is thick ( ~2 sec/5000m) and 

characterized by continuous and parallel reflectors. 

 

Figure 7: (a) (b) North-south trending regional cross-section showing anticlinal structure associated with faults 
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Entire Tadpatri sequence has been divided into three 

zones based on seismic signatures. The outcrop study 

of Tadpatri formation suggested the formation 

consists of interbeded shale, calcareous shale and 

dolomatic limestone unit in the lower part while the 

upper part mainly consists of shale, that implies 

gradual rising of sea level during deposition of 

Tadpatri. Fractured dolomitic limestone may have 

potential as reservoir while shale/ calcareous shale 

may act as source. Overlying Gandikota quartzite is 

marked by increase in acoustic impedance and 

restricted in central part of the basin.  

Kurnool  group, neo-proterozoic sequence is mainly 

undeformed and restricted in central part of the basin. 

The group is thickening towards eastern part of the 

basin.  

Fault bound anticlines and folded structures related to 

structural inversion are identified as potential 

hydrocarbon trap (Figure 7). These anticlines are 

identified at multiple levels within Gulcheru, 

Vempalle carbonate and Tadpatri formation (Figure 

 

Figure 8: Depth structure maps of  Basement (a),Gulcheru (b), Vempalle (c), Tadpatri_1 (d), Tadpatri_2 (e) and Tadpatri_3 formation (f) 
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9). The size of these anticlines are ranges from 10 to 

80 sq kms. Such anticlinal structures may be of 

prospective hydrocarbon pool if source and reservoir 

facies are favourable in these locations.  

Vindhyan basin, which has proven hydrocarbon 

potential, is a close structural/stratigraphic analogue 

of Cuddapah basin. Both basins opened up at about 

same time and hold sediments of Late Paleo-

proterozoic to Neo-proterozoic in age. Paleo-

proterozoic source rocks namely Rohtas limestone, 

Basuhari, Mohana, Charkaria and Kajrahat formation 

of Vindhyan basin shows TOC content 0.5 to 2.85%, 

0.19 to 1.1% ,0.3 to 1.8% 0.3 to 1% and 0.3 -1.22% 

respectively with reasonably fair S2 values (DGH 

2017). Thus it is envisaged  Paleo-proterozoic 

organic rich carbonate and shale within Vampalle and  

Tadpatri formation may act as source rock in 

Cuddapah basin. Detailed petroleum system 

modelling of Vindhyan basin suggested local short 

distance migration from source and  vertical 

migration through fractured network  as expected 

migration mechanism (DGH 2017). Similar type of 

migration may be expected in Cuddapah basin.  

Interbeded shale within Gulcheru, Vempalle and 

Tadpatri formation may act as seal rock, whereas 

thick regionally extensive shale in upper Tadpatri 

may act as regional seal. Additionally, localised 

volcanic flow units within sedimentary sequences 

may act as seal rock. Initial rift-resulted faults show 

signatures of reactivation in this basin. Fault seal 

failure may be a risk associated with favorable 

structural disposition.  

 

Conclusions 

 

Based on the similarity with Proterozoic Vindhyan 

Basin, probable petroleum system of Cuddapah basin 

has been envisaged.   

• Continental sandstones deposited within 

Gulcheru, Pulivendla and dolomitic-

limestone within Vempalle & Tadpatri 

Formation are considered probable reservoir 

rock. Sandstones may be hard in nature. 

However, fracture porosity may act as 

favourable storage of hydrocarbon. 

• Organic rich dolomitic limestone and marine 

shales within Vempalle and Tadpatri 

formation may act as probable source rock 

for this area as evidenced from outcrop 

study. 

• Marine shale deposited during maximum sea 

level rise in upper part of Tadpatri formation 

may act as regional seal. Intervening shales 

within various sequence may also act as 

effective seal. 

• Structural features like anticlines and fault 

closures within Papaghni & Chitravati group 

are observed in 2D seismic. Such structural 

features may act as traps for hydrocarbon 

accumulation. As the 2D seismic converage 

of the area is very sparse (~50 kms) it is 

difficult to delineate the size of individual 

trap with reasonable acquiracy. However, 

size of the structural traps may vary 

anywhere between 10-80 Sq. Km. 

• Papaghni and Kurnool Sub-basins appears to 

be of particular exploration interest in view 

of the likely presence of thick pile of less 

disturbed (non-tectonised) sediments. Close 

grid 2D seismic followed by focussed 3D 

seismic would be able to provide a detailed 

structural/ stratigraphic configuration of 

these  sub-basins and help delineate 

prospects of interest. 

 

Figure 9:Anticlinal structures identified on the top of 

Gulcheru, Vempalle and Gulcheru formation 
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• In order to  ascertain the potential and 

quality of reservoir and source rocks, the 

feasibility of drilling a suitable parametric 

well preferably up to basement in Papaghni/ 

Kurnool sub-basins may be assessed in 

further studies.  
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