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Summary 

  

India NELP regime has reported a few small discoveries of hydrocarbon in Neogene and Palaeogene deepwater reservoirs of  

Mahanadi  Basin.  The  demand  for  development  of  these reservoirs has directed to carry out the analysis and correlation 

of hydrocarbon bearing depositional elements associated with channel   levee   complexes   and   slope   fan   deposits.   The 

identification of depositional sequences and system tracts has been  attempted  to  meet  this  objective.  Seismic  reflections' 

characters,  well  logs'  shapes,  drilled  well  data  and  earlier interpretation work have been utilised to meet the objective of 

the study and to find out the sequence boundaries from Early Cretaceous to Recent. 

 

The depositional elements, identified within these sequences, are  the  channel  levee  complexes  of  regional  second  order 

lowstand systems tract(LST) in Neogene period, slope fans of both highstand and lowstand systems tract in Late Palaeogene 

and Early Palaeogene periods respectively. The log based 3rd order    systems    tracts    (LST,TST,HST),    identified    within 

Neogene and seismic based regional 2nd order in Palaeogene, reveal  the  hydrocarbon  bearing  reservoirs  to  be  associated 

mainly  with  high  stand  phases  of  sea  level.  Depositional elements within well specific and log-based 3rd order lowstand 

phases  of  Neogene  and seismic  based  2nd order  low  stand phases of deeper Palaeogene are devoid of any hydrocarbon as 

observed on logs. The only exception is the gas bearing slope fan  of  Upper  Paleogene  in  well-H  where  thin  layers  in  the 

upper  part  of  slope  fan  may  belong  to  small  pulse  of  LST, encased  within  major  HST  phase.  Surrounding  clay  

deposits of  transgressive  systems  tract  have  been  considered  as  both cap   rock   and   source   for   biogenic   gas.   The   

alternation characteristics  of  sand  and  clay  during  HST  also  play  an important  role  for  entrapment  of  reservoirs.  A  

few  wells, drilled in this area have already been tested for biogenic gas at shallow and mixed biogenic-thermogenic at deeper 

level. This study will help in further identification of  drillable hydrocarbon bearing prospects in Neogene. 
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Introduction 

 

Mahanadi  Basin,  located  in  the  northeastern part of 

passive continental margin of India owes her origin to 

extensional  tectonics.  The  basin  extends  from  Chilka  

in  the southwest  to  Jagannath  in  northeast.    The  area  

under  study covers   1000   sq.km   restricted   within   

500m   to   1600m bathymetry as seen in the Fig- 1. Six out 

of eight wells drilled in this area from the year 2006 till 

date proved the  presence of gas  on  testing.  The  gas  

bearing  intervals  either  belong  to channel levee 

complexes within Neogene or slope fans within 

Palaeogene.  The  sediment  distribution  pattern  thus  has  

been weighed  by  sequence  stratigraphy  with  the  help 

of  well  logs and seismic reflection characters. All the 

wells are placed on slope  thereby  making  it  little  difficult  

to  apply  sequence stratigraphic  framework.  Seismic  

reflection  characters  from shelf   to   slope   are   studied   

to   overcome   this   difficulty. However, one dip line 

containing wells A, C and H has been studied for log-

seismic correlation to prepare one model of the sequence 

stratigraphic set-up(Fig-6).  Four 2nd order sequences 

FSST,  LST,  TST  and  HST,  identified  within  Neogene  

are further  subdivided  as  well  specific  and  log-based  

3rd order sequences.  Four  sequence  boundaries  have  

been  identified within  deeper  Paleogene  and  Cretaceous  

on  the  basis  of wireline   logs   and   seismic   reflections.   

Thereafter   eight correlatable horizons, in line with 

biostratigraphic information were selected  and  interpreted  

as  disconformity  surfaces.  Six depositional  elements  viz  

channels,  levees,  crevasse  splay, mass  transport  

complex,  slope  fans  and  frontal  splays  are identified  
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from  the  seismic  reflection  pattern  and  attribute maps  

in  the  study  area.  The  spatio  temporal  relationship  of 

different  depositional  elements  is  attempted  with  well  

logs, seismic attribute analysis, slicing of seismic probes, 

rendering of  seismic  volumes  and  sequence  stratigraphy.  

The study reveals  channel-levee complexes are restricted  

only within Neogene. As per the hydrocarbon presence   is   

concerned identification of seismic based 2nd order  

lowstand  phase within  Neogene  and  2nd order  highstand  

phase  in  Paleogene get more importance. 

 

Geological setup 

 

Mahanadi   basin   can   be   classified   into   different   

tectonic phases-     Pre-rift(>160     Ma),     Rift(160-135     

Ma),     Drift stages(135-34    Ma),    Rajmahal    traps(120-

110    Ma)    and Collision(34-<16  Ma).  Sedimentation  in  

this  basin  followed those different tectonic phases. In the 

study area Pre-rift and Syn-rift phases are not well imaged. 

The Basement pick is also not  clearly  defined.  The  first  

clearly  defined  pick  is  Early Cretaceous. The Time 

Structure maps from Early Cretaceous to  Recent  help  to  

understand  the  shelf-slope  break  evolution through time 

vis a vis the sedimentation style and history with the 

prospects (Fig-2). The evolution can be devided into two 

principal phases; the first comprises on overall 

aggradational shelf   margin   with   little   or   no   

deformation   during   the Cretaceous.  This  is  evident  

from  the  argillaceous  sediments observed   in   the   wells   

drilled   through   Early   Cretaceous. 

 

Deposition during upper part of Late Cretaceous was 

punctuated by an episode of margin tilting that resulted in 

significant erosion of the inner margin and alteration of 

margin architecture. This is reflected by the deposition of 

arenaceous matter in the upper part of Late Cretaceous. 

This continued till Paleocene with lowering of sea level. 

The second phase of deposition, during the Tertiary, 

occurred above the Cretaceous shelf margin and was 

characterized by significant margin instability and the 

development of faults along shelf-slope break. During Late 

Cretaceous and Paleocene due to relative sea level fall the 

shelf-slope break was much more away from the land-ward 

side w.r.t. the shelfslope-break in Eocene giving rise to 

broad staging area (Fig2). Though the shelf was broader 

but progradation was absent during Late Cretaceous and 

Paleocene time indicating continuous and balanced 

sediment influx from landward side. Overbalanced 

sediment supply would have produced progradational 

sequence.  The time-structure maps of Eocene shows 

narrow shelf thereby indicating rise of sealevel. Cut and 

fill features are very less during this time. Oligocene is 

very thin and a few unidirectional channels are observed as 

product of HST with small pulse of LST. The top of 

Oligocene is considered as HST surface. Shelf area started 

broadening up during Middle Miocene. 

 

 
Fig-1 Map showing the area under study (yellow part) with 

drilled wells.(Black for dry, red for gas wells). 

 

The Time structure map of UC2 or Late Miocene  shows 

the broader shelf area w.r.t. that of Mid Miocene top. The 

shelf-slope break position moved away from the land and 

came closer towards the sea giving rise to broad staging 

area.  The time structure maps of UC3 (Late LST top 

within Pliocene) and seabed indicate broadening of the 

shelf with time and the present shelf is the broadest among 

all with numerous cuts. This receding sea level might have 

allowed the rivers from landward side to carry bed-load 

down-dip and filled the channels with sediments down dip. 

Though canyons and channels are present right from 

Paleocene to Pliocene time with same flowing direction, 

maximum numbers of matured channels are present within 

the interval UC2 and UC3. The chance of getting sand in 

these channels is very much possible as indicated by the 

well B, D, F, G and H. The chance of deposition of sand in 

Eocene and basal Miocene can not be totally ignored as 

with fluctuations of sea-level, sand entry was possible. 

This also has been proved in the drilled wells F and H. 

 

Methodology  

  

Well-logs of different wells are used for sequence stratigraphic 

analysis (L.Frank Brown Jr, Robert G. Locks and Ramen. H. 

Trevins). Deposits with bell shaped logs i.e. fining upward trend 

are considered of lowstand deposits (LST). This sequence is 

correlatable on all the well logs. Sediment overlying this fining 

upward trend with straight and high GR has been identified as 

TST. Overlying this sequence are deposits with funnel shaped 

logs i.e coarsening upward trend which indicate the 
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Fig-2. Time structure maps of nine correlatable horizons showing 

shelf-slope break evolution through time in the study area.  

 

period of highstand system tract (HST). The thick 

sediment of HST is alternation of channel sand and clay. 

The blocky signature of well logs may represent thalweg 

thereby indicating channel axis. The correlation of logs of 

the wells distributed all over the drainage area from west 

to east spanning almost 40 km is satisfactorily within 

sequence stratigraphic set up (Fig-3,4,5). Synthetics are 

prepared for each well to establish the Time-Depth 

relationship and the wire line logs are plotted on seismic 

sections. Thereafter, Log- seismic correlation is made to 

weigh sequence stratigraphy against seismic reflection 

characters and a model is constructed as shown in Fig-6. 

 

 
Fig-3 Wire-line logs with lithology correlated after flattening at   

UC3 top. Weighing by sequence stratigraphy shows all gas  

bearing intervals (marked by stars) within HST.  

  

Seismic reflection characters on the shelfal side indicate 

different types of prograding features. Two MFS are 

identified, one as carbonate top at Eocene and the other at 

Pliocene. Reflection characters of different system tracts 

are within resolvable limit in Neogene. Therefore, this 

section has been studied in more detail   

 

 

 
Fig-4   Wire-line logs with lithology correlated after flattening  at 

UC2 top. Weighing by sequence stratigraphy shows all gas  

bearing intervals (marked by stars) within HST. 

 

 
Fig-5 GR-RT logs with lithology correlated after flattening at 

Paleogene top. Weighing by sequence stratigraphy shows gas 

bearing intervals (marked by stars) within HST sequence. 

 

 
Fig-6 Major sequence stratigraphic sequences with well- logs and 

lithology. Arrows indicate direction of movement of shelfslope 

break.  

 

and four stages of sequence stratigraphy e.g. FSST-LST-

TST-HST   in the younging direction has been established.   

In the deeper section reflection characters did not help in 

identifying different stages. In the model (Fig-6) Trap top 

is taken as SB-1 at the base, followed by Late Cretaceous 

top as SB-2. In Paleogene section Paleocene top is 
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considered as HST top and thereby SB-3. This is followed 

by LST-fan at the base of Eocene and MFS-1 at top of 

Eocene. This is overlain by deposits of HST, considered as 

Oligocene with SB-4. Neogene section, as stated is 

devided into four system tracts like  FSST at the base 

followed by LST, TST and HST at the top. Sea-bed is 

considered as  SB-5. Biostratigraphic data and seismic 

reflection characters from shelf to slope are key elements 

to weigh the sediments with stratigraphic sequences 

correlatable with biostratigraphic Formation boundaries. 

Seismic reflection characters from shelf to slope are 

elaborated here under different seismic facies.  

  

Seismic facies-1(Fig-7) occurs after the shelf break and 

typified by discontinuous, high to moderate amplitude, 

parallel to subparallel, occasionally mounded reflections 

contained within cup/U shaped reflections indicating 

erosional channels.  Seismic facies-2 (Fig-8) represent 

channel-levee architecture    with  levee denoted by birds-

wing shaped reflections and channel by high amplitude, 

discontinuous, sub-parallel reflectors encased within 

levees. Both facies-1 and 2 are considered as LST products 

(Octavian Catuneanu). 

 

 
Fig-7 Seismic facies showing    Fig-8 Constructional channel-       

erosional  channels on ILN           levee complex on XL 

 

 
Fig- 9 Progradation near           Fig-10 Seismic facies showing 

Shelf-slope  break                    canyon fill 

 

 
Fig-11 Seismic facies on shelf       Fig-12  Seismic facies on  

showing V/U shaped cuts              slope showing bidirectionally 

filled with high amplitude,            dipping, high amplitude, 

parallel to subparallel                   parallel to subparallel 

discontinuous reflections              reflection pattern of slope fan 

 

Seismic facies -3 (Fig-9) is present near the shelf break and 

shows low amplitude semi-transparent prograding 

clinoforms indicating more rate of sediment influx 

compared to accommodation space generated by sea-level 

fluctuations. These prograding clinoforms are the building 

blocks for differentiating FSST,  LST, TST and HST.   

 

Seismic facies-4(Fig-10) contains U shaped erosional cuts  

filled with discontinuous, subparallel, chaotic and very 

high amplitude reflections indicating canyon fill 

sediments. These are considered as products of LST.   

 

Seismic facies-5 (Fig-11) is observed on shelf showing 

V/U shaped cuts filled with high amplitude, parallel to 

subparallel discontinuous reflections.   

 

Seismic facies-6 (Fig-12) is present in the deeper slope part 

of the area showing bidirectionally  dipping, high 

amplitude, parallel to subparallel reflection pattern of slope 

fan. This is considered as site specific LST depoits 

embedded within HST phase.   

 

Different attribute cubes are generated to extract seismic 

probes at different time for identification of 

geomorphological features (Fig-13). Out of all these only 

RMS is used for window based attribute extraction. The 

entire volume comprising of 2500ms of sediments have 

been dissected by more than 150 windows with the help of 

proportional slicing. Attributes were extracted from those 

windows and analysed. In specific cases like gas bearing 

intervals windows have been adjusted to accommodate the 

gas bearing intervals after proper correlation. Most of the 

gas bearing interval in Mio-Pliocene are  present  in  

different  channel  sands  at  different  depths within  UC2  

and  UC3  and  a  few  within  UC2  and  Middle Miocene.  

 

 
Fig-13 Attribute maps extracted within the same time window 

from different attribute cubes 

 

For correlation of the gas bearing intervals for future 

development  small  windows  of  10  to  20ms  are  made  

along with   proportional   slices   and   attribute   maps   

have   been generated.  Results  of  these  attribute  maps  
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reflect  extreme heterogenity and discontinuity in terms of 

hydrocarbon pools. Hydrocarbon where ever present is 

restricted to that place or channel only and not continued 

or co-relatable laterally. In the figure-14 one such RMS 

map extracted within 10ms window is   presented   with   

correlated   seismic   section   at   the   inset showing the 

position of window w.r.t. gas bearing sand in the wells. 

 

Depositional elements  

 

The   study   area   experienced   similar   tectonic,   

erosional, physiographic and climatic processes and 

covered 1000 sq.km (approx)  as  envisaged  from  the  

seismic  and  geological  data. Therefore this area may be 

considered as a single geomorphic province where the 

channels or other depositional elements as observed   on   

attribute   maps   of   different   time-windows, restricted  

within  individual  sequences,  may  be  genetically related  

or  comparable  in  terms  of  drainage  area,  sediment 

discharge  pattern  and  sediment  supply.  The  whole  pack  

of sediments are proportionally sliced in the interval of 30-

40 ms (approx)  and  in  specific  cases  in  5ms  to  20  ms.  

Different attributes  like  AAA,  RMS,  Reflection  

intensity,  sweetness e.t.c   are   attempted   (Fig-13)   to   

extract   geomorphological features 

 

 
Fig-14  RMS map showing distribution of channel network 

within 10ms window. Seismic section with wells and time 

windows are in the inset. This channel network is present  in any 

windows within UC2 and UC3 and UC2 and Mid-Miocene. 

 

from  those  time  windows.  On  the  basis  of  best  viewed 

seismic  geomorphology  and  lithological  variation  

one/two attributes are selected (here only RMS are shown 

Fig-14). Good   population   of   depositional/reservoir   

elements   are identified   from   attribute   maps   extracted   

within   LST   in Neogene (Fig-15). The Neogene 

reservoirs include channel- levee  complexes  with  

elements  of  different  characters  like leveed   channels,   

vertically   stacked   channels,   laterally migrated  

channels,  point  bars,  crevasse  splay,  distributary channel   

lobes,   meander   belt   and   MTC(Fig-15).   These features  

are  not  observed  in  Paleogene  and  Cretaceous. 

Paleogene reservoirs include slope fans and remnant 

feature only  (Fig-15).  The  understanding  of  all  these  

depositional elements  is  very  critical  for  identification  

of  hydrocarbon reservoirs.   Among  Neogene  reservoir  

elements  channels have  been  sub-devided  into  confined  

and  un-confined  and their architectural construction has 

been made from vertical  
 

 
Fig. 15  Meandering Channels flowing from north to south in the 

study area with scrolling of point bars, crevasse splay as observed 

only within Neogene. Red sticks on 3D map showing gas bearing 

wells and white and black sticks for dry wells. Slope fans, and 

remnant features observed only in Paleogene. 
 

 
Fig-16  a) Cups of confined channels are bigger than the cups   of   

un-confined   channels.   Confined-channel   incision decreases 

from updip to downdip. Unconfined channels form levee  

deposits.  Channels  are  genetically  correlated  within sequence 

stratigraphic framework. 
 

 
16.b)  Trace  representing  the  architecture  of  channel  -  levee 

deposits in seismic section. 
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16. c) Rendered seismic probe showing the 3D map view of 

above mentioned channel-levee pattern. Yellow stick indicating 

well-H passing through the channel. 

 

 
Fig-  17  Seismic signatures of channel stories. All secondary        

channels are genetically correlated.  

  

seismic sections (Fig-16). Channels in all the time 

windows show the same flowing direction from NNW to 

SSE but the   variability in sediment delivery, hydraulic 

discharge and channel slope give rise to spatial and 

temporal variations in channel morphology and response. 

In Fig-16 (a) channels within UC3 and UC2 belong to late 

LST and UC2 and Middle Miocene to early LST. Late LST 

channels are more confined and formation of  levees are 

rarely observed. Cups of confined channels are bigger than 

the cups of un-confined channels. Confined-channel 

incision decreases from updip to downdip.  

 

Unconfined channels within UC2 and Middle Miocene 

form levee deposits. Confined and unconfined channels are 

genetically correlated within their respective sequence 

stratigraphic framework. The Fig-16(b) represents the 

architecture of unconfined channels with the base as 

frontal splay, levee in the middle and channel at the top. 

With the rendering of seismic volume horizontal 

distribution of different elements of channels are well 

imaged in Fig-16(c). With the meandering and branching 

of channels the scrolling of point bar, levee and flood plain 

are all well imaged. Channel morphology is well 

resolvable in vertical seismic section as shown in the Fig-

17. Stories of secondary channels (Sprague. et al ,2002) are 

stacked together within the primary channel. Migration of 

channels is reflected by the inclined and parallel channel 

traces. This channel complex is 1.6 km wide and 130m 

thick. Other channel complexes present in this area vary in 

width from 500m to 1500m and 50m to 150m in thickness. 

The attribute maps extracted within 10ms and 20 ms 

windows represent the discontinuity of pay sands indicated 

by the variation in hotter colour and soft colour (Fig-14). 

Hotter colour represent probable presence of sand whereas 

softer colour for clay. All these channels either confined or 

unconfined are separated by flood plain. In a primary 

channel different stories or compartments of secondary 

channels (Fig17) have probably added heterogenity in 

hydrodynamic condition as observed in the drilling results 

of these channels. However these are the elements found 

to be gas bearing and identification of such elements in a 

vertically stacked position in a single well may be 

commercial.  

  

Conclusion  

  

Proportional slicing of 3D seismic volume and extraction 

of attributes in between those slices provide information 

about various depositional elements. Detail analysis of the 

architectural pattern of depositional elements indicates the 

presence of large scale primary channel consisting of a 

number of secondary channels and channel stories. 

Gaseous hydrocarbon is found to be  present within these 

channel stories. These primary channels and other 

depositional elements are genetically correlated in a 

sequence stratigraphic framework.    

 

The sediment distribution pattern has also been weighed 

by sequence stratigraphy with the help of well logs and 

seismic reflection characters. Depositional sequences with 

corresponding systems tracts have helped in identifying 

the areas for coarser clastics vis a vis reservoirs and finer 

clastics vis a vis entrapment. The FSST and LST packages 

within the sequence boundaries SB-4 and SB-5 (Fig-6) 

encompass the main reservoir elements e.g the channel-

levee complex in Neogene  period  as visualised in attribute 

maps and proved by drilling results. Therefore 

identification of seismic based lowstand phase in Neogene 

in the entire Mahanadi Basin will help in identifying 

drillable prospects for further exploration and developing 

the field at the end.   
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