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Summary 
 

Satpura Basin witnessed large scale thermal activity in the form of igneous intrusions and widespread flows of Trap during 

Late Cretaceous/Paleocene resulting in a complex network of interconnected dykes and sills. Sporadic high amplitudes cross-

cutting the strata are observed on seismic sections which are probably emanating from sills/dykes. Specific saucer-shaped 

seismic signatures are also abundantly seen. Wells drilled in the eastern and western part of the basin encountered many sills. 

Comparison of saucer-shaped seismic signatures of Satpura Basin with the foreign analogues and integrated  gravity-magnetic  

studies along profile has been attempted in the basin to know the causative of such seismic signatures. Such saucer-shaped 

signatures are invariably found to be associated with eye-shaped geometry on seismic. It is inferred that these structures are 

forced folds or jacked-up structures forming a mound due to vertical displacement above saucer-shaped sill during their 

emplacement and is identified on the seismic section by conical or eye-shaped geometry. Forced folds above igneous sills 

represent a new type of play and potential hydrocarbon traps in the form of a four-way dip closure. 
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Introduction 

 

Satpura Basin is the westernmost exposed rhomb-shaped 

Gondwana basin of India located in the central part of the 

subcontinent. Narmada-Son Lineament (NSL) marks the 

northern limit while Betul-Chhindwara Plateau marks the 

southern limit (Fig.1). The basin has half-graben 

configuration and the prominent basinal dip is towards the 

north. 

 

 
Fig.1 Geological Map of Satpura Basin  

  

The basin has witnessed an intense igneous activity in the 

form of igneous intrusions & Deccan Traps lava flows 

during Late Cretaceous/Paleocene period. The seismic 

data reflections are patchy due to the seismic energy 

scattering from igneous bodies in the form of dykes/sills in 

the sub-surface or exposed on the surface resulting in poor 

to fair quality of data. The potential field data of Satpura 

Basin shows the influence of basinal tectonics and 

numerous igneous intrusions in various degrees and needs 

to be interpreted carefully. One well drilled in the eastern 

part of the basin encountered five dolerite sills which were 

not recognizable on the seismic section. The data of this 

well provides valuable information of sub-surface geology 

of this part of the basin.  Eye-shaped seismic signatures are 

seen on many seismic sections of the basin (Figs.2 and 3). 

One such feature has been subjected to gravity modeling 

and has led to identification of a new play viz. jacked up 

structure in analogy with other basins of the world. 
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Fig.2 Migrated Seismic Section (uninterpreted)  illustrates the 

conceptualized concave upward cross-sectional geometries of 

Sill in dotted yellow and forced fold in dotted white colour. 

 

 
Fig.3 Migrated Seismic Section (uninterpreted) )  illustrates the 

conceptualized concave upward cross-sectional geometries of 

Sill in dotted yellow and forced fold in dotted white colour. 

 

Methodology   

  

Forced folds are defined as “folds in which the final overall 

shape and trend are dominated by the shape of some 

forcing member below. The growth of forced folds above 

saucer-shaped sills is directly linked to the mechanical 

emplacement of the intrusive body. Based on the model of 

Pollard and Johnson (1973), the development of a saucer-

shaped sill is a continuous process. A simplistic kinematic 

model for the growth of a forced fold during the 

development of a saucer-shaped sill is proposed by Hansen 

et al., 2006 (Fig. 4). The model is illustrated with reference 

to three stages. The three stages need not be separated in 

time and are separated in the following only for illustrative 

purposes. During the first stage of the model (Fig. 4a) there 

is limited deformation of the sediment-water interface 

above the newly initiated thin sill. After spreading over a 

distance of approximately 2 times the depth of intrusion, 

the thickness of the sill starts to increase faster during the 

second stage (Fig. 4b).   

  

A forced fold with a structural relief equivalent to the 

thickness of the underlying sill is formed at the 

contemporaneous seabed. It exhibits steep flanks with fold 

limbs that are located immediately above the sill 

termination reflecting the thickness distribution across the 

underlying sill at this stage. Finally, towards the end of 

intrusion (third stage; Fig. 4c) the sill transgresses guided 

by peripheral fractures (peripheral dyke equivalent) and 

increased interaction with the free surface causing upward 

displacement along the periphery of the forced fold. The 

sill thins towards the tip and the tapering thickness profile 

is translated to the forced fold resulting in gently dipping 

fold limbs and the overall forced fold geometry seen on 

seismic sections. Although the seismic method is good in 

imaging sub-horizontal volcanic features, such as thin 

basalt flows, tuffs and sills, it performs less efficiently 

when dealing with steeply dipping events such as dolerite 

dykes and igneous complexes (e.g. plutonic intrusions). 

Most of the intrusives imaged on seismic data are therefore 

dolerite sills, usually characterized by their high acoustic 

impedance and discordant/cross-cutting events. The 

characteristic seismic signatures observed in Satpura Basin 

are the ones with eye-shaped geometries on many sections. 

This compelled comparison of seismic data of other basins 

viz. NE Rockall Basin. Similar geometry is observed on 

seismic sections in Rockall Basin where these are 

interpreted as forced folds caused by sills. Since sills have 

been met in the wells drilled in Satpura Basin, it is logical 

to interpret likewise. To test the veracity of interpretation, 

gravity modeling along one such feature has been carried 

out. The relevant excerpts of Rockall Basin are discussed 

before discussing the seismic analogy with Satpura Basin. 

 

The Bouguer and Total Intensity Magnetic anomaly maps 

are generated for the western part of the basin (Fig. 5 and 

6). The surface geological map of the western part of the 

Satpura Basin is digitized and is overlayed with the 

boundaries of the different litho-stratigraphic units and 

seismic line on the Bouguer anomaly map for integrated 

modelling. Gravity and magnetic studies have been 

attempted in the western part of the basin along profile 

AA’, a north-south line passing over the seismic line. The 

profile AA’ is  extended to the exposed Bijawars meta-

sediments on the northern and Archaean basement on the 

southern ends of the profile to avoid computation of 

manual / graphical / residual gravity values and 

subjectivity of regional isostatic compensation as well as 

to provide control of depth on both the ends of the profile. 

The seismic signatures originating from the dykes/sills can 

easily be identified from the cross-cutting of the horizons 

which can further be substantiated from the high amplitude 

high frequency response in the magnetic anomaly map 

(Fig.6).    
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Fig.    4.    Three-stage    schematic    kinematic model  for  the  

growth  of  a  forced  fold  above saucer-shaped sills. Note that 

the three stages need   not   be   separated   in   time   and   are 

separated here only for illustrative purposes. 

 

 
Fig.5  Bouguer Anomaly Map of western part of Satpura Basin. 

 

Case  study  on  Saucer  Shaped  Sills  and Forced 

Folds   

  

Recently, extraordinarily well-defined forced folds have    

been observed overlying shallow-level igneous intrusions  

imaged  by  3D  seismic  data  from  along  the  NE  Atlantic  

Margin (Fig.7). The recognition of intrusion-related forced 

folds on 3D seismic data opens up new avenues for the 

analysis of these structures. This case study is based on the  

Tranche  38  (T38)  3D  seismic  dataset  acquired along 

the eastern flank of the NNE-SSW trending NE Rockall 

Basin (Fig. 7) north-west of the Outer Hebrides in a 

present-day water depth of 350-1300 m(Hansen,2006).    

Extensive    magmatic    activity occurred in the NE Rockall 

Basin from at least the latest Cretaceous until the Early   

Eocene.   This resulted   in   the   emplacement   of   large   

igneous centres in the axis of the Rockall Trough. 

 

 
Fig.6 Total Intensity Magnetic Anomaly Map of western part of 

Satpura Basin. Station  location  density  is  shown  in  red  dots.  

The  magnetic  dipole  originating from the same magnetic 

causative are marked in green coloured rectangles. 

 

 
Fig.  7.  Location  and  geological  setting  of  study  area. (a)  

Location  map  showing  the location  of the T38 3D seismic 

survey area in the NE Rockall Basin and exploration wells 164/7-

1, 164/25-1(ST), and 164/25-2. (b) Schematic  map showing the 

location of 

 

Several saucer-shaped sills have been mapped in the T38 

survey area and two of these (sills 40 and 41) that are 

particularly well imaged and exceptionally thick (>135 m), 

are described herewith. Both sills exhibit a smoothly 

curved concave upward crosssectional geometry and are 

clearly discordant with the surrounding host-strata. Sill 40 

(Fig.8) and corresponding upwarping of strata  above the 

sills is clearly seen. Numerous such examples are reported 

in other parts of the world. 
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Fig.8 Displays  on  seismic section , illustrating sill-fold 

relationships between Sill 41 and Fold B, Sill 40 and Forced Fold 

C, and Sill 45 and Forced Fold D.  Note that sill is saucer-shaped. 

 

Analysis of G&G data in the western part of Satpura Basin 

in the light of above case study has been done and sill/dyke 

geometry and emplacement has been worked out. Bouguer 

gravity anomaly map (Fig.5) and Total Intensity Magnetic 

anomaly map (Fig.6) shows high amplitude and high 

frequency anomalies, directly indicating 

surface/subsurface igneous bodies. The gravity and 

magnetic anomalies have been plotted on profile AA’ to 

decipher igneous bodies. Two events between SP950-1050 

(subsurface dyke) and SP 500-550 (surface dyke mapped 

in the geological map) can be interpreted on the section. A 

magnetic map may have much more in common with a 

map of the second derivative of the gravity, in case the 

magnetic and density contrasts have approximately 

common boundaries. To work out the correlation between 

the surface geology and gravity anomaly map, the gravity 

anomaly data is processed for residual. Because of the non-

vertical magnetization of causatives, the magnetic 

anomaly data is processed for 2-D Analytic Signal to mark 

the exact boundaries of the causative. Analytic signal of 

the magnetic anomaly further correlate the causative. 

 

This seismic section has several data gaps (Fig. 10). The 

line shows eye-shaped geometry and if this geometrical 

shape is tenable i.e. it is not a seismic artifact, then it leads 

to the interpretation that saucer-shaped (concave upward) 

sill is present below. It has a thick central basal part and 

transgressive edges with distinct discordant relationship. 

The structure developed just above this sill is jacked-up or 

forced fold which is formed in order to accommodate the 

added thickness provided by the forcible intrusion of 

underlying igneous sills.  The interpreted model is shown 

in Fig.10.  

 

 
Fig.9 Gravity and magnetic signatures along the seismic section. 

The profile passes over the -ve pole of the magnetic  dipole  

signatures  where  sub-surface  dyke  between  SP  950-1050  is  

expected.  The  magnetic signatures between SP 500-550 are co-

relatable with the surface dyke mapped in the geological map.  

The  residual  gravity  high  and  high  in  the  RTP  as  well  as  

2D  Analytic  signal  of  the  magnetic  anomaly 

 

 
Fig.10. Stack Seismic Section illustrates the conceptualized 

concave upward cross-sectional geometries of Sill in dotted 

yellow and forced fold in dotted white colour. 

 

Conclusions  

  

After correlation of gravity and magnetic data with the 

seismic, it is beyond any doubt that seismic is influenced 

by the saucer shaped sill. Even on a cursory glance, the 

total appearance of feature is akin to the structure in the 

North Atlantic Volcanic Province (Hansen D.M and Joe 

Cartwright, 2006). A similarity in the geometry of the fold 

(eye shaped) indicates saucer-shaped sill induced forced 

fold structure. The spatial relationship of the forced fold 

with saucer-shaped sill indicates a causative relationship 

between the two. Myriad such features are present in 

Satpura basin (Figs.2 and 3). Forced folds above igneous 

sills represent a new type of potential hydrocarbon trap in 

the form of a four-way dip closure.   
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