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Summary 

  

The Kerala Konkan basin off west coast of India, is having large area suitable for Mesozoic exploration. The basin is thought 

to have existed from rifting of India and Madagascar during early creataceous times. The development of basin continued 

through geological periods extending up to Recent Pllio-Pleistocene ages and huge widespread flow of continental flood 

basalts during KT boundary has masked the entire mesozoic sequence of basin associated with rift-graben development and 

fill of sediments. Besides the complexity of basin exists to multi-volcanic extrusions due to passage of Indian continent over 

trailing Hot- spots. Thus, there is a possible inter-mixture of Basalts and sediments in the basin complicating imaging as well 

as velocity estimates of sub –basalt section and petroleum system. 

 

The 2D Long-Offset seismic data coupled with SBN(Sea bed node) Wide Angle Reflection Refraction Profiling data in kerala 

trough area North of Allepy platform analysis provides an important clues about existence of Huge mesozoic basin in the area 

and indications of possibility of existence of high velocity sediments below traps and implications of upwelling of Moho and 

crustal thinning in the part of the basin leading possible transition to Oceanic crust west of area. These  inferences play a vital 

role in understanding COB and possible cretaceous-cretaceous petroleum system. 
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Introduction 

 

Kerala-konkan basin lies between of Vengula Arch to 

North , Trivendrum Arch to South, Laccadive ridge to west  

and Quilon shelf to east. The basin is sub devided into 

Konkan part to North and Kerala part to South.(Fig.1) 

 

The first stage separation of western Gondwana land 

(South America and Africa) from eastern Gondwana 

land(Madagascar, India, Seychelles, Antarctica and 

Australia) during Late Triassic/Jurassic(196-203 Ma) was 

associated with Karoo volcanism in South Africa with its 

conjugate in Antarctica. The second stage was the 

separation of Seychells-India in Late Cretaceous( ~ 93 Ma) 

associated with minor volcanism found on conjugate 

margins of south western India and south east Madagascar. 

The final break up of Seychells at KTB(~65 Ma) 

contiguous with Deccan volcanism is associated with a 

series of rift basins along western continental margins 

leading to evolution of Cenozoic basins. The structural 

history of KK Basin for Mesozoic section indicate main 

continental rift during Late Jurassiac/Early Cretaceous 

times followed by thermal subsidence and syn-rift 

deposition followed by Pre-deccan and Deccan rifting and 

syn-rift deposition.(Fig.2) 
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Fig.1 Kerala-Konkan basin on west coast India having Laccadive 

ridge to west bounds. The colour bar represents bathymetry(m). 

The northern part is Konkan basin and southern is Kerala 

basin.(Courtesy : google maps & RPS Energy) 

 

 
Fig.2 : Litho-stratigraphy of Mesozoic sequences of KK 

Basin(After M/S MGS et.al 2013) 

 

The sedimentary sequence is comprised of Mesozoic and 

Tertiary sediments. The western margin evolved through 

early rift and post rift phases of divergent margin 

development. A series of local horsts and grabens resulted 

in response to rifting along the dominant basement tectonic 

trends. The northern most part of western continental 

margin was first to be subjected to continental rifting and 

crustal subsidence in Late Triassic. The process of rifting 

gradually advanced to south towards by Cretaceous times 

all the rift related horsts and grabens came into existence. 

The Cretaceous-Recent sedimentary succession in the 

basin is divided into two sequences viz.,(1) the lower one 

corresponding to rifting and separation of Madagascar 

from India-Seychells(90-110 Ma) is referred to as the rift 

sequence and (2) the overlying Late Cretaceous to Recent 

is referred to as the Passive Margin sequence.  

 

The lowest sequence of Late-Creataceous section limited 

between older and younger basalts (Deccan trap 

equivalents) encountered in wells drilled in offshore. The 

lithological succession comprises of sand, shale and silt-

stone deposited in inner to middle shelf set ups. The 

deposition started with continental environment changed 

gradually to paralic and finally to pulsuating marine 

conditions, punctured by basic lava flows(Deccan trap) in 

the terminal stages towards the end of Cretaceous and 

Early Paleocene. Towards the end of the early rift phase, 

most of the rift related grabens and horsts, located in 

deeper parts were covered up with sediments and the 

continental margin became less intricatively  

differenciated.(Fig.3) 

 

 
Fig.3 : The shelfal wells W-2 &W-3 encountered Lt.Cretaceous 

Cochin clastics(Mesozoic) below Paleocene Deccan traps. W-3 

is a deep water well drilled up to Deccan traps only. 

 

The main challenges of mesozoic sub-basalt exploration of 

basin are 

(1)  The imaging of pre-basalt section and to ascertain 

thickness of mesozoic sediments of low velocity 

ranges between archean granitic basement and 

deccan traps. 

(2) Precise velocity estimates and lithological 

inferences. 

(3)  Crustal model and ascertain COB 

(4) Establishment of viable petroleum system 

 

Solutions to this problem can be put into following 

categories 

(1)  Acquisition of wide angle reflection seismic 

through long offset and imaging through beam 

migration 
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(2)  Acquisition and tomographic analysis of Wide 

angle Reflection Refraction profiling 2D Sea Bed 

Node seismic data. 

(3)  Integration of regional GM models with velocity 

models derived from tomographic analysis 

(4)  Petroleum system modeling. 

 

Imaging of wide angle seismics 

 

The reflection seismic data acquired through long 

offset(12 KM) is sufficient enough to provide subsurface 

imaging even up to Moho through robost multiple 

attenuation packages and PreSDM through Beam 

Migration in the Kerala basin.(Fig.4) 

 

 
Fig.4 : Location of 2D Long-offset seismic profiles and common 

SBN profiles in Kerala depression 

 

The recent Beam migrated sections show very much 

improvement in sub basalt mesozoic section imaging . The 

crust-mantle boundary “Moho” is clearly seen  along the 

imaged profiles. The lower and upper crust boundary i.e 

Conrad is distinct towards eastern shelf part. The top part 

upper crust is the inferred granitic basement. The rift 

grabens, syn-rift, post-rift  sections and anticlinal structural 

features are seen in the seismic profiles, which demonstrate 

existence of huge Mesozoic basin extending to deep 

basinal part of basin. 

 

Tomographic analysis of SBN WARRP data and 

PSDM velocity analysis  

 

SBN data tomographic analysis includes First Break 

Tomography using refracted first arrivals, Tomographic 

travel time inversion, forward modeling and layered 

tomography and velocity model building coupled with 

PSDM velocity analysis of long offset reflection 

seismics.(Fig.5) 

 

 

 
Fig.5 : Tomographic velocity analysis, forward modeling and 

Vp,Vs &Vp/Vs estimation of SBN data (Courtesy M/S 

MGS,Russia) 

 

The Vp,Vs & Vp/Vs ratios derived along SBN profiles 

provide detailed velocity estimates of sub-basalt mesozoic 

section and as well up to crustal-mantle boundary. These  

valuable velocity models predict long wavelength velocity 

estimates of strata associated with discontinuities and 

identify zones of LVZ (Low Velocity Zone) section for 

lithological estimation. 

 

Results  

 

(1) Beam PSDM of Long offset seismic profiles. 

1. The area of analysis contain 2D long offset 

seismic profiles distributed in dip and strike 

orientations and were reshot with SBN WARRP 

profiling having offset ranges from 40-160 km 

on average.(Fig.4) 

2. SBN WARRP tomographic velocity model for 

Vp has been integrated with PSDM velocity 

model through layer tomography. Layers were 

identified in Migration stacks of PreSTM for 

whole earth crustal model including LVZ sub 

basalt layers. 
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3. The refined velocity models was used for 

PreSDM migrations and depth-interval velocity 

model building. 

4. Analysis of basin model from PreSDM imaging 

carried out with much advanced and powerful 

depth beam migration packages using high order 

velocity refinements, has brought out complete 

understanding of crustal picture of the basin. 

5. The bottom most reflector around 18-25 kms 

with velocity ranges close to 8km/s represent 

crust/Mantle boundary(Moho). The Conrad i.e 

boundary between lower and upper crust is quite 

discernable along Eastern part of basin . The 

crustal thickening towards west (basinal 

side)and diving of Moho towards shelfal part of 

basin is also quite evident. 

6. The top part of upper crust represents basement 

on which rift basin developed. The basement  is 

expected to be crystalline and granitic in nature( 

Pre-cambrian age) 

7. The Mesozoic basin developed due to rifting of 

united indian craton & seychells with 

Madagascar during Lower Cretaceous times and 

ended with separation of Seychells from India 

during K/T (Cretaceous-Tertiary) boundary age 

associated with wide spread Deccan volcanism 

over the basin. These continental flood basalts 

cap Mesozoic sedimentation. The Mesozoic 

basin is thus limited between Lr to Up 

Creataceous times during geological past.  

During this period, volcanic activity persisted as 

volcanic intrusions/extrusions through sills and 

dykes cutting across rift- grabens with syn - post 

rift sedimentary sequences. 

8. The W-E dip profiles indicate geometry of 

Mesozoic basin with associated rift grabens 

punctured by intrusions and development of 

sills. The tectonic faulting and associated 

structural features are seen in the basinal part. 

Most of the faults are older and associated with 

initial rifting. The subsequent reactivation and 

strike-slip movements are expected to give rise 

to structuration at later stages.(Fig.6(a&b)) 

9. The layering of strata is seen in the basin with 

associated reflections in between. The inferred 

geological model predicts existence of Mesozoic 

sediments with Low-High velocity between 

basement and Deccan traps (Paleocene age).  

10. The crustal model of basin indicates thinning of 

upper crust and doming of Moho towards central 

part of basin. It could possibly indicate transition 

to oceanic crust west of basin. The regional free-

air gravity distribution also suggests 

COB(Continent Ocean Boundary) west of basin 

limits bounded by Laccadive ridge.(Fig.7) 

 

 
(a) LINE-2(Beam PSDM) 

 
(a) LINE-3(Beam PSDM) 

Fig.6: W-E dip beam PSDM 2D Long offset & SBN(WARRP) 

imaging showing central Moho bulge, thinning Upper crust to 

west ward and associated mesozoic rift grabens, structuration and 

piercement of volcanic intrusions at younger stages. 

 

 
Fig.7 : Regional Free-air gravity on Kerala-Konkan basin 

showing possible inferred COB(Continent-Ocean boundary) to 

west of Laccadive Ridge. 

 

(2) SBN tomographic Velocity model analysis : 

1. FTB tomography , forward modeling, travel-

time tomography and layer tomographic 

estimates of Vp,Vs & Vp/Vs along SBN profiles 
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in the basin indicate detailed velocity structure 

of whole earth model. 

2. Moho is characterized to have Vp ranges from 

7.8 to 8.3 Km/s and Vs estimates are of the order 

of 3.9 to 4.5 km/s. 

3. The SIMA(Lower crust) and SIAL (Upper crust) 

are seen to have velocity ranges Vp:  6.0 km/s -

7.9 km/s, Vs: 3.0-4.41km/s. The ranges for upper 

crust between 5.7.0km/s-6.95km/s could 

indicate possible continental crustal nature in 

this part of basin. 

4. Basement is characterized to have velocity 

ranges close to Vp: 5.6-6.7 Km/s and Vs: 3.3-3.4 

km/sand can be inferred to be crystalline& 

granitic in nature.(Fig.8a,8b&8c) 

 

 
Fig.8a : SBN tomography Vp(Km/s) distribution from Moho to 

Mesozoic section(LINE-3)(W-E) 

 

 
Fig.8b : SBN Tomography Vs(Km/s) distribution from Moho to 

Mesozoic section(LINE-3)(W-E) 

 

5. Mesozoic layers exhibit differing velocity 

ranges Vp from 4.8 to 5.0 + km/s and Vs from 

2.8 to 3.3 Km/s. The Deccan traps are shown to 

have Vp ranges of 4.5 – 5.5 km/s. The drilled 

wells in basin indicate velocity ranges > 3.7-4.4 

km/s Vp towards shelfal part of basin in Late 

cretaceous section. Results from Kutch offshore 

also indicates higher velocity ranges of 4.6-5.7 

km/s for Deccan basalts and 4.6-5.1+ km/s in 

Mesozoic section below thick traps. Table-I 

provides interval velocity (gross ) of Deccan and 

older basalts and cochin sediments in the basin. 

The older santonian/Turonian cretaceous age 

basalts are having higher velocities of the order 

of 5.9-6.6 km/s. 

 

 
Fig.8c: SBN Tomography Vp/Vs ratio distribution of Mesozoic 

section(LINE-3)(W-E) 

 

 
Table-I: Interval velocity distribution of Paleocene ,Cretaceous 

& Lt.Cretaceous Cochin clastics of nearby drilled wells in KK 

Basin 

 

6. The derived velocities suggest existence of 

Mesozoic sediments below traps but with higher 

velocity ranges for clastics. The lithological 

composition can also be of carbonates at certain 

parts. The intervening volcanic intrusions and 

subsequent fill of grabens, even create possible 

inter-mixing of basalts and sediments in close 

vicinity. This combination can give rise to increase 

of velocity ranges than expected for cleaner 

sediments. The  LVZ in Mesozoic can thus have 

limited thickness to less than 500 m or even less at 

places/zones in the basin, which in turn could not 

be detectable through layer tomography due to 
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lower frequency ranges and longer wavelengths of 

wave-fronts. 

7. Vp/Vs ratio an indicative of lithology, compaction 

and fluid-saturation of strata. The  ratio ranges 

within Mesozoic section shows lower ranges of 

1.77 to 1.73 and around 1.9 at certain places. These 

parts can be expected to have sediments charged 

with hydrocarbons. 

 

(3) Petroleum system and maturation analysis : 

The basin modeling studies carried in the area indicate 

existence of cretaceous-cretaceous petroleum system in the 

basin. The key basin modeling parameters derived from 

drilled wells, regional analogues indicate presence to 

source rocks, matured petroleum system, up-dip migration 

and entrapment to reservoirs bounded by traps associated 

with fore way closures and fault closures of cretaceous 

times.(Fig.9a,9b&9c) 

 

 
Fig.9a : Maturity modeling along dip profile(W-E)(LINE-4)(W-

E) 

 

 
Fig.9b : Expulsion Time(LINE-4)(W-E) 

 

 
Fig.9c : Present day section(LINE-4)(W-E) 

 

(4) Mesozoic prospectivity of basin : 

The analysis of Long-offset and SBN data coupled to 

gravity data suggests that study area in the kerala-konkan 

basin is expected to have huge potential of Mesozoic 

reservoirs wide spread across basin with potential syn-rift 

and post rift units within Lt.Cretaceous section. The 

structural styles are full structural closures, fault closures 

and Up-dip part of rift-grabens. The exploration of this 

basin is highly warranted. However, deeper bathymetric 

part in deep-basinal part more than 2000 mts water depth, 

limits exploration of basin in-terms of huge investments. 

In such cases critical techno-economic criteria would help 

determination of critical factors for further exploration 

(Fig.10) 

 

 
Fig.10 : Bathymetry of Kerala-Konkan basin showing Mesozoic 

prospectivity zones based upon Long offset 2D,SBN and Basin 

analysis 

 

Conclusions  

 

 The challenges of Mesozoic exploration of KK 

basin, has been met with Long- offset 2D seismic 

profiling(12 km offset) coupled with SBN WARRP 

profiling data of 40-160 km offset data analysis. 

The Beam PSDM imaging shown excellent 

improvement of S/N ratios, preservation of 
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amplitudes and continuity of seismic reflection 

events could transpose entire basin history and un-

raveling crustal studies. The limits of basin and 

possible COB west of basin is indicated. 

 The SBN tomography and velocity model indicates 

existence of Mesozoic basin with velocities in 

higher ranges corroborating to sparse drilled well 

data and geological models. The inter-mixing of 

sediments with intrusions and extrusion of basalts 

may give rise to increase of velocities. 

 The Moho and crustal velocities indicate possible 

extension of continental crust in the basin, 

transition to oceanic crust west of basin bounded 

by Laccadive ridge. 

 Basin is matured with existence of potential 

reservoirs within Cretaceous section and has wide 

scope of exploration for huge Mesozoic reservoirs 

in future. However, deeper bathymetry towards 

basinal part more than 2000 m water depth limits 

exploration with huge expenditure. 
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