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Summary 

In today's competitive and high risk exploration 

regimes, tools such as Common Risk Segment 

(CRS) mapping based on distinct play fairways 

within a sequence stratigraphic framework have 

increasingly become important for ranking the 

exploration acreage.This bottom-up approach also 

provides useful grounds on which to base the 

remaining prospectivity and accordingly commit to 

an appropriate exploration work program in 

geological risk-constrained prospective fairways. 
Play Fairway Analysis has been a cornerstone of 

the petroleum industry for the last couple of 

decades and involves analysing the co-existence of 

source, reservoir, trap and seal in 3D space. 

Integrated structural and sequence stratigraphic 

analysis represent a powerful tool for analysing a 

petroleum system by identifying hydrocarbon plays 

and constraining the regional distribution of the key 

elements of a play. A play is a combination of 

reservoir, source and seal facies which, together 

with a trap, may lead to hydrocarbon accumulations 

at a specific stratigraphic level. The geographic 

area over which a play is thought to extend is 

known as the play fairway. Play fairway analysis is 

essentially an assessment of exploration risk at a 

basin scale. In the past the petroleum industry has 

applied the concept of risk mainly at a prospect-

specific level. On a larger scale, applying risk 

analysis to the play fairway level permits 

channelling of exploration efforts into the most 

prospective parts of a basin. In more mature areas, 

the technique can highlight new plays in under-

explored parts of the basin or, equally, provide an 

indication that the basin has very little remaining 

prospectivity and that it may be time to withdraw. 

The present study pertains to delineation of  sandy 

reservoir fairways of Panna  Formation of 

Paleocene to Early Eocene discovered  in B-127, 

B-59, B-154 and B-157 area located  in north of  

Mukta Platform, Heera-Panna-Bassein  Block, 

Mumbai offshore Basin. The study was aimed at 

bringing out Gross Depositional Environment 

(GDE), play fairway analysis (PFA) for Panna by 

analysing the established  HCs accumulation 

pattern, so that an effective play based exploration 

(PBE) scheme for Yet To Find (YTF) Panna could 

be actively pursued towards Dahanu low. 

To achieve this, a comprehensive workflow using 

high frequency cycles on logs based on sequence 

stratigraphic framework was adopted. Three 3rd 

order  sequences within Panna were identified by 

subdividing the Paleocene to Early Eocene 

sediments lying within Basement (seismic marker-

H5) and Early Eocene Yepressian unconformity 

(seismic marker-H4) based on drilled wells logs 

and subsequently calibrated with recently acquired    

3D Broadband  PSTM seismic data .Out of three 

sequences, the youngest sequence (between SB2 to 

H4) has been further subdivided into TST and HST 

sequence by one maximum Flooding surface S3-

MFS.The TST sequence is further subdivided into 

six 4
th

 order genetic sequences by correlating five 

Flooding surfaces S3-FS2, S3-FS2A, S3-FS2B, S3-

FS3, S3-FS4 and S3-MFS accounting for back-

stepping retrogradational transgressive sands within 

the study area. Mapping these high frequency 

cycles in dip log correlation profile indicates 

creation of accommodation space with respect to 

rise of sea level and shifting of facies belt 

landwards/basin margin. 

Stratal stacking patterns associated with changing 

rates of coastal accommodation creation (δA) and 

sediment fill (δS), are referred as accommodation 

succession. Following a sequence boundary, the 

stratigraphic motif observed in the geologic record 

is progradation to aggradation (PA), retrogradation 

(R), and aggradation to progradation to degradation 

(APD), representing stratal geometries of lowstand, 

transgressive, and high stand systems tracts 

respectively.  

Since the younger 3
rd

 sequence of Panna hosts  

major  reservoir facies, genetic sequence is 

analysed based on log motifs, salinity, paleo 

bathymetry and sedimentology data to decipher the 

prevailing micro depositional environments which  

form cornerstone for creation of GDE maps. 

Seven seismic horizons corresponding to Basement 

(H5), Trap wash top, Ist Sequence Boundary SB1 

within Panna, IInd Sequence Boundary SB2, 

Flooding Surface (S3-FS-3) within topmost 3
rd

 

sequence, Maximum Flooding Surface (S3-MFS) 

within third/top sequence and Panna clastic top 

(H4) levels were mapped. Detailed fault 

interpretation based on attributes like Fault 
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Likelihood, Structure cube, inline dip and crossline 

dip brought out three major tectonic trends in the 

study area. The initial basin forming E-W trend 

responsible for major subsidence accommodating 

thick rift fill sequences has been cut by the second 

generation basin modifying NE-SW fault trends 

connected to the basinal low.  

This conceptualized sequence stratigraphic model 

has been further corroborated by the Pre-stack 

Geostatistical inversion carried out for Mukta top 

(Early Oligocene) to Trapwash top within Panna. 

Six prestack GI volumes were generated for P-

impedance, S-Impedance, Density, Sand facies, 

coal facies and shale facies. Window based 

slices/proportional slices corresponding to 

correlated horizons from sand facies volume show 

the distribution of reservoir fairways. Integrating 

GDE maps with reservoir facies distribution along 

with Net to Gross (NTG) maps, source facies and 

structure maps lead to the emergence of Play 

Fairway maps/CRS maps which can be particularly 

useful for guiding exploration and reducing risk in 

establishing for the discovery of YTF resources.  

  

Introduction 

Several marginal and small hydrocarbon fields like 

B-127, B-59, B-154, B-157 and B-15 have been 

established within North of Mukta Platform area in 

the east of Mumbai High (Fig.1).  

 
Fig.- 1: Study area on regional tectonic elements and 

Prospect map of Western Offshore Basin.  

The study area is endowed with intricate source, 

reservoir and seal facies assemblage in the Panna 

Formation of Paleocene-EarlyEocene age. The syn-

rift sediments comprising lacustrine source rocks 

within Dahanu depression further north of study 

area are highly potent source and capable of 

generation of hydrocarbons. The sedimentary 

column varies from 20m over Mukta platform to 

2000m in Dahanu Low. Till date, around 45 

MMTOE of hydrocarbon reserves are established 

in this area. Objective of the study was to map the 

high frequency lower order cycles within Panna 

sequences in a sequence stratigraphic framework so 

as to bring out reservoir fairways unit-wise and to 

integrate with sand facies volume prepared from 

Pre-stack geostatistical inversion studies based on 

rock physics model. The superimposition/overlay  

of GDE, reservoir facies based on Pre-stack GI 

sand facies volume, source facies map, NTG maps 

indicating seal facies along with structure maps 

give rise to generation of CCRS (Combined 

Common Risk Segment) maps/Traffic light maps 

based PFA(Play Fairway Analysis) which will be 

guiding tools for carrying out further exploration to 

establish YTF within the study area.  

 

 
Fig.-2: Structure Map of Panna showing Fields & 

Study area.   

G& G Interpretation workflow: 

Sequence stratigraphy is the fundamental approach 

for understanding and predicting the distribution of 

reservoir facies. The stratal stacking pattern 

evolves in response to the interplay of 

accommodation available for sediments to fill, 

shoreline trajectories, base level changes and 

sediment load. The dominant facies observed from 

well log correlations are siltstone, shale, coals and 

sands. Since lot of sporadic coals are seen in Panna 

sections, a sequence stratigraphic framework was 

adopted to understand why the coals are formed 

within a succession and predict the geometry and 

thickness of coals vis-à-vis system tracts. Coals are 

formed in all the three system tracts namely- low 

stand system tract (LST), transgressive system tract 

(TST) and High stand system tract (HST). During 

TST, the nature of coals formed is mostly thin and 

discontinuous. 

 

 
Fig.-3: Coal geometry and thickness predictive model  

After Bohacs & Suter, 1997. 

 

Initially several N-S dip and W-E strike log 

correlation profiles were constructed mapping the 

stratigraphic markers from basement top (H5) to 
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Early Eocene Panna top (H4) on the basis of log 

response and bio-stratigraphic age boundaries. 

Three 3rd order sequences S1, S2 and S3 are 

mapped based on high frequency cycles within 

Panna Formation (Fig.4).  

 

 
Fig.-4: High frequency cycle correlation within Panna 

clastics depicting three 3rd order sequences as per 

envisaged geological model. 
A three tier sequence model namely LST, TST and 

HST was considered while correlating the logs as 

well as seismic. In the first sequence S1, all the 

three LST, TST and HST packs are observed 

whereas in the next two overlaying sequences i.e. 

S2 and S3 only TST and thin HST packs are seen. 

These markers are Basement top (H5), Trap wash  

top, S1- FS1, S1-MFS, Ist Sequence Boundary  

SB1, S2-FS, S2-MFS, IInd Sequence Boundary  

SB2. Five flooding surfaces S3-FS-2, S3-FS-2A, 

S3-FS-2B, S3-FS-3 and S3-FS-4 corresponding to 

multiple rises of sea levels were observed and 

correlated laterally in most of the wells in the study 

area. A N-S seismic section demonstrates these 

onlapping phenomena where, the transgressive 

deposits (4th order parasequence) limit shifts 

landward showing the backstepping/retrogradation 

nature of sands (Fig.4). 

The top of TST cycle is marked by the maximum 

flooding surface (S3-MFS) which totally inundated 

the study area. The HST is mainly shaly with thin 

sand bodies and thick streak of coals formed in the 

inter distributary areas within the foreshore 

environment. The HST part (S3-MFS to H4) is 

predominantly marine shales and thus form 

excellent vertical and lateral seals. However, a few 

thin sand bodies get deposited in the HST cycle as 

has been observed in wells W-32 and W26 

probably due to the sediment influx from Mumbai 

High, west of the study area. The top of HST cycle 

coincides with the sequence boundary (S3 top) 

known as Panna top (H4) which marks the 

cessation of clastic supply in the study area and 

beginning of growth of monotonous overlain 

Bassein carbonates. In general the pack thickness 

increases towards north/basinal low (Fig.4).  

 

Sedimentological analysis, petrography of cores, 

logs, paleo-bathymetry, bio-stratigraphic evidences 

and available G & G data are analysed to decipher 

the gross depositional environment during Early 

Eocene. 

The micro environment studies have been carried 

out based on facies association and log motifs. The 

second and third sequences (S2 and S3) have been 

deposited primarily in four different environments. 

Broadly they have been divided into backshore, 

foreshore, shoreface (upper, middle and lower) and 

transitional/offshore environments with increase of 

bathymetry from landward to basin ward.  

The typical facies assemblage indicates coal-

shales-sand-silt in backshore, coal-thick 

amalgamated sands-thin shales in foreshore/Upper 

shoreface, thin sand bodies-thick shales with 

almost no coal in middle/lower shoreface and 

offshore bars depicting very low energy 

shales/mudstones in deeper bathymetry (Fig.5). 

 
Fig.-5: Log Motif depicting Gross Depositional 

Environment (GDE) prevailing within S3-FS2A to S3-

FS2B sequence (Panna) 
 The log motif is blocky in foreshore, thin serrated 

for sand bodies deposited in shoreface environment 

and coarsening/fining upward in offshore bars 

(Fig.5). Later these genetic sequences in a dip 

profile were stacked vertically to bring out the 

spatial and temporal facies variation as per 

Walther's Law which defines any vertical 

progression of facies is the result of a succession of 

depositional environments that are laterally 

juxtaposed to each other (Fig.6).Three N-S dip 

profiles were constructed and were analysed to 

prepare the Gross Depositional Environment 

(GDE) maps (Fig.7)  

 Fig.-6: Facies Variation reflecting Gross Depositional 

Environment (GDE) along a N-S dip profile in a 

sequence stratigraphic framework 

Seismic Data Interpretation 

Newly acquired and processed broadband 3D 

seismic PSTM data was used for interpretation. 

Increase in impedance was correlated as peak/hard 

streak (SEG Normal Polarity Convention).Log 
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markers were tied to seismic using synthetic 

seismograms.The high frequency cycles correlated 

on logs were calibrated along an arbitrary line 

connecting same wells on seismic dip profile 

(Fig.8). 

In the present study, seven seismic horizons 

corresponding to Basement (H5) , Trap wash  top, 

Ist Sequence Boundary  SB1 within Panna, IInd 

Sequence Boundary  SB2, Flooding Surface (S3-

FS-3) within topmost 3
rd

 sequence, Maximum 

Flooding Surface (S3-MFS) within third/top 

sequence and Panna clastic top  (H4) levels  were 

mapped. 

 
Fig.-7: GDE Map for genetic sequence S3-MFS to S3-

FS-4.  

 

Fig.-8: Arbitrary seismic dip profile  Passing through 

wells W1, W2, W3, W4 and W5 showing Horizon 

Correlations. 

 

Fig.-9: Schematic sketch showing sequences 

mapped in Seismic Volume in the study area 

Detailed fault interpretation based on attributes like 

structure cube, inline dip and crossline dip and fault 

likelihood brought out three major tectonic trends 

in the study area (Fig.-10). The initial basin 

forming E-W trend responsible for major 

subsidence/thick rift fill sediments accommodating 

thickness has been cut by the second generation 

basin modifying NE-SW fault trends. The third 

generations of NNE-SSW faults are a result of post 

Mid. Miocene inversion  tectonics. 

 

 
Fig.-10: Fault Likelihood time slice 2350 ms (close to 

Panna)  showing faults .  

Rock Physics Modeling & Cross-Plot Analysis 

Shear sonic logs are available for ten wells in the 

study area and five wells were taken up for rock 

physics modelling. The Feasibility study (log scale) 

shows substantial overlap of elastic properties P-

impedance and Vp/Vs between shale, brine and pay 

reservoirs. Both Brine and HC bearing sand facies 

were merged as one facies, named as sand. Coal is 

showing low P-Impedance and higher Vp/Vs. Zone 

wise(H3a to H3BLr., H3BLr. To H4 and H4 to 

Trapwash) rock physics analysis show better  

discrimination of facies of interest at log scale and 

also when up scaled to 1ms in seismic band. 

Deterministic inversion may fall short to 

discriminate between pay and non-pay where pays 

are less than 20 m of thickness. 

 

 
Fig. -11: Cross Plot between P-Impedance and Vp/Vs 

(H4 to Trapwash) within Panna at seismic bandwidth 

scale, 1ms 

Pre-Stack Geostatistical Inversion 
Pre-stack deterministic inversion was performed 

from Mukta top to Basement. Geobodies were 

captured at different levels.  Although objective 

was not fulfilled but the results gave several inputs 

for geostatistical inversion, like possible shape, size 

and orientation of the geological features of interest 

within Panna. Using continuous elastic property    

P-impedance, Vp/Vs, Density in combination with 
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 pdfs and variograms, the Prestack geostatistical 

inversion was carried out. 

 

 
Fig. -12: Cross Plot between P-Impedance and Vp/Vs 

(H4 to Trapwash) within Panna at seismic bandwidth 

scale, 1ms 

Deterministic inversion results are used to QC the 

results of GI (mean of a large number realizations 

of GI compares well with deterministic inversion 

results).There is very good match between prior 

and posterior facies proportion and pdf’s in an 

unconstrained GI inversion. As an outcome of Pre-

Stack GI, sand, shale and coal facies volume is 

generated along with P-impedance, S-impedance 

and density. 

 

Sand Fairways model within Panna 

The 3rd order sequence (S3) from SB-2 to H4 is 

paramount as all the established hydrocarbon pays 

within Panna Formation are hosted in this pack. 

Sand isolith maps between S3-FS4 to S3-MFS (Fig. 

12) were prepared to observe the distribution of 

hydrocarbon bearing sands within these genetic 

sequences. These sand isolith maps are constrained 

with respect to corresponding window based 

slices/proportional slices extracted from Pre-stack 

GI sand facies probable volume.  

 

Fig. -12: Sand Fairways model for genetic 

sequence S3MFS to S3-FS4 within Panna  

Play Fairway Analysis 

Play fairway Analysis (PFA) is a way of mapping 

the elements of a petroleum play spatially and 

provides useful insights to qualify and quantify 

risks associated with a petroleum play. Four main 

elements within a petroleum play are mapped in a 

holistic way to generate CRS maps i) Reservoir 

ii) Top Seal iii) Source Rock (hydrocarbon charge)  

iv) Structural elements mapping of different 

structural features which may form traps. Initially, 

the Common Risk Segment (CRS) maps for 

reservoir, seal, source and structure are prepared. 

Five well-based isopach and Net to Gross (NTG) 

maps are constructed. These NTG maps indicate 

the variation of seals within the study area (Fig. 13) 

 

Fig.-13: CRS map for top seal within Panna. 

Green-good top seal potential, Yellow-Moderate to 

good top seal, Red-Poor to Fair top seal, Blue-

Excellent top seal potential/less data control 

Reservoir contours are superimposed on structure 

map and accordingly CRS map was prepared 

(Fig.14) 

 
 

Fig.-14: CRS map for combined risk of reservoir 

overlain with structure of H4(Panna) Green- 

reservoir and structure presence and effectiveness 

is highly likely, Red-reservoir is almost certainly 

absent, Yellow- reservoir and structure presence 

and effectiveness is possible 

 

A common risk segment map turns the GDE map 

into a “traffic light” map which indicates the 

petroleum system element’s properties can be 

good, moderate or bad. Subsequently, these CRS 

maps are stacked or superimposed to find out the 

best locales for exploration. The play fairway is 

where reservoir, seal and hydrocarbon charge 

coincide and potential traps located in this area are 

more likely to contain hydrocarbons. Areas where 

any of the reservoir, seal or charge elements are 
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likely to be absent are highly unlikely to contain 

hydrocarbons. This technique can therefore be used 

to focus exploration efforts on areas that are 

believed to be more prospective. Play fairway 

analysis will also help in consistently risking 

prospects and leads and managing exploration 

portfolios. As Dahanu low is considered to be 

generation centre with established source facies.By 

super-imposing  source map, GDE map, Seal map, 

Reservoir facies and Structure map the final 

combined common risk segment map (CCRS)/Play 

Fairway map(PFE) (Fig.15) for genetic sequence 

S3-MFS to S3-FS4 is generated. 

 
Fig.-15: Combined Common Risk Segment map 

(CCRS) for genetic sequence S3-MFS to S3-FS4 

(Panna Play) .Green- HCs(sweet spots) most likely, 

Yellow depicts moderate confidence, Cyan-Low to 

moderate confidence require more data control and 

red blobs indicate play element to be poor, low 

confidence and less data control.  

 Based on the PFE study, the extent of best possible 

targets unit-wise has been carved out. Green is 

better for future exploratory inputs whereas red 

depicts very poor confidence for pursuing future 

exploration activity and not suitable for exploration 

for S3MFS to S3FS-4 genetic sequence unit within 

Panna. 

Conclusion:  

 Panna Formation of Late Paleocene to Early 

Eocene in north of Mukta area (B-127, B-59, B-

154 and B-157 fields) was deposited in an 

overall marine transgressive system and 

punctuated by tidal inlets. 

 An innovative sequence stratigraphic 

framework is adopted aimed at enhancement of 

understanding in terms of Gross depositional 

environment, backstepping/retrogradational 

nature of sands and their temporal and spatial 

distribution by mapping high frequency cycles. 

  Three 3rd order sequences S1, S2 and S3 from 

bottom to top are mapped within Panna 

Formation. Both TST & HST packs have been 

identified based on logs as well as seismic 

correlation. 

  The second and third sequences (S2 and S3) 

have been deposited primarily in four different 

environments. Broadly they have been divided 

into backshore, foreshore, shoreface (upper, 

middle and lower) and transitional/offshore 

environments with increase of bathymetry from 

Mukta platform to basinal low  

 Pre-stack deterministic inversion was carried 

out based on rock physics modelling in five 

wells. Since, there is substantial overlap of 

elastic properties P-impedance and Vp/Vs 

between shale, brine and pay reservoirs, both 

Brine and HC bearing sand facies were merged 

as one facies, named as sand .  

 Prestack geostatistical inversion was carried out 

using continuous elastic property of P-

impedance, Vp/Vs, Density in combination with 

pdfs and variograms with an aim to discriminate 

of reservoir and non-reservoir facies only. 

 The major challenge to map the conceptual sand 

fairways within Panna was achieved by the 

window based slices extracted from Prestack 

geostatistical inversion output of sand facies 

probable volume.  

 Play fairway maps (PFMs; also referred to as 

traffic light maps or common risk segment 

maps) are used to highlight exploratory sweet 

spots and to address matters of prospect risk on 

a regional scale. Exploratory Prospects falling 

in green where all the petroleum elements 

coincide and chances of finding hydrocarbons is 

most likely  whereas red depicts chances of 

finding hydrocarbons is low within this genetic 

sequence (S3MFS to S3-FS4) of Panna. 
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