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ABSTRACT : The existing geophysical, geological and petrophysical data of CA-CD area and adjoining fields of Tapti-Daman
block of Mumbai offshore Basin, India, have been evaluated for delineation and mapping of pay sands. The pays were found,
mainly, in Mahuva Formation of Lower Oligocene age by two exploratory wells in 1986. The reservoir sandstones were deposited
by fluvial /Estuarine channels which incised older shale/limestone sequences. Delineation of these sands by conventional
interpretation methods is difficult because of thin and discontinuous occurrences, high degree of vertical and lateral variability in
net sand thickness, weak impedance contrasts at sandstone interfaces, high impedance of overlying limestones and limited bandwidth
of seismic data. We applied strategic scheme of interpretation by integrating geodata, experiences and tools. Tying of seismics
with well data and fixing of the stratigraphic and structural framework by tracking the sequence boundaries (unconformities) was
the first step. Integrating well and petrophysical data, realistic field geometry and parameters, we simulated synthetic seismic
responses by numerical modeling. In the zone of interest log facies were found, mainly, of four types and assuming interdependence
between log and seismic facies, the zone of interest was analyzed in four types of seismic facies classes. Synthetic responses and
seismic facies maps helped in analyzing seismic attributes and their relationships with subsurface features favourable for hydrocarbon
accumulation. Fault pattern, geometry and edges of channels and their fills were inferred by volume rendering, vertical and
horizontal slice displays of different volume attributes and spectral decomposition frequency slices.  Channels, within Upper
Mahuva Formation, were found vertically stacked. Validation with well data showed the occurrence of reservoir sandstones
within mapped channels and thus authenticating the models and interpretation.

INTRODUCTION

The CA and CD prospects in Tapti-Daman block of
Mumbai Offshore Basin, India were proved by two exploratory
wells in 1986. These wells flowed commercial hydrocarbons
from Lower Oligocene (Mahuva Formation) sandstone
reservoirs. Subsequent to discovery 3D seismic data was
acquired in 1988-89 for delineation and characterization of
reservoirs.  Several wells were drilled on the basis of integrated
interpretation of 3D data in 1990-91. Few wells encountered
oil and gas but potential pays could not be delineated. With
availability of new wells and production from adjoining fields,
3D data was reevaluated in 2001. Sequence attribute analysis,
seismic inversion and relational statistics were applied for
delineation of reservoir rocks.

This is the third evaluation in series by applying new
interpretation tools on the same well and 3D seismic data of
the area. In addition to conventional interpretation, we have
applied numerical modelling, seismic sequence analysis
methods, seismic attribute analysis, coherency, seismic facies
analysis and spectral decomposition. The spectral

decomposition and coherency are effectively used for
stratigraphic interpretation of similar setting in the U.S. mid-
continent (Peyton et al., 1998).   Amenability of   3D data for
thin bed detection and mapping, and sedimentolgical
interpretation of well data were examined before applying the
interpretation tools.

The objective of this paper is to demonstrate
delineation of thin sandstone reservoirs in the intercalated
shale, sandstone and limestone succession deposited in fluvial
environments by using modelling and 3D interpretation tools.

TECTONIC AND STRATIGRAPHIC FRAMEWORK

The area of study is situated in south-east part of
Tapti-Daman tectonic block of Mumbai offshore Basin on the
Western Continental margin of India. It comprises the shallow
shelf region with water depth ranging from 25 to 30 m. The
giant Mumbai High oil field is towards south-west and on-
shore fields of Cambay Basin are towards north-east. In Tapti-
Daman block, huge thickness of sedimentary rocks ranging
from Paleocene to Recent is present. The general stratigraphy
based on well information in the area is shown in Figure 1.
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Using concepts of sequence stratigraphy seven mega
sequences have been identified. Age relationships,
Lithostratigraphy, along with seismic markers and depositional
environments are also shown in the Figure 1. The Paleocene
to Lower Eocene Panna Formation unconformably overlies
Basalt/Basement. It was deposited under fluvial to shallow
marine conditions and is main source rock in the area. Middle
Eocene Belapur Formation consists of mainly calcareous shale
and Middle to Upper Eocene Diu Formation comprises silty
shales. Lower Oligocene Mahuva Formation and Upper
Oligocene Daman Formation contain sandstone reservoir
rocks. Mahuva and Daman  Formations predominantly contain
shales followed by limestones and sandstones. Regressive
conditions in Estuarine to shallow open marine environments
and transgressive condition in fluvial regime with tidal
influence are inferred depositional environments of Mahuva
and Daman Formations respectively. The area is affected by
Late Miocene wrench tectonics associated with northward
movement of Indian plate creating NNW-SSE trending ridges,
intervening lows and faults (Pangtey, 1996).

SEISMIC AND LOG CHARACTERISTICS

The map depicting 3D coverage, wells and location
of two log profiles is shown in Figure 2.  One log correlation
profile connecting six wells (well-1 to well-6) across the area

Figure 1. Stratigraphy of the area based on the well data. Lithological
boundaries and equivalent seismic markers are shown.
Sonic, Density and resistivity logs are overlaid. Deposi-
tional environments and time depth functions are also
shown.

Figure 2. Base map showing 3-D area, wells, line of cross- section
for log profiles and transects.

is shown in Figure 3. The log section is flattened at Mahuva
top and contains only Upper Mahuva Formation between
Mahuva top and Lower Mahuva Top. Gamma ray, resistivity,
sonic and density logs are shown.  Hydrocarbon in commercial
quantity was encountered in well-1, well-2, well-5 (Mahuva
Formation) and well-4 (Daman Formation).  A succession of
shale, sandstone and limestone embedded in the homogeneous
shales in the upper portion of Mahuva formation is locally
named as Unit-IV and its top and bottom surfaces are shown
on log profile. All the layers within this unit are marked in
well-2. Hydrocarbons have been encountered in sandstone of
Unit-IV. Development of sandstones is poor in wells well-3,
well-4 and well-6 which are dry. Other wells shown in the
map are dry except gas shows in C and E. The other NNW-
SSE log profile (well-2, K, E, well-1 and C) is shown in
Figure 4. The zoomed version of sonic, density, Gamma ray
and resistivity logs along with impedance and reflection
coefficients of well-2 are shown in Figure 5. The total pack of
Unit-IV is 27.5 m and it contains 3 sandstone layers, four
shale layers, one siltstone and one limestone layer.  The main
pay interval is 3.8 m (sand-3 and sand-4) is showing fining
upward characteristics.  A limestone layer (middle) of 2.5 m
thickness, separated from pay zone   by 2.4 m thick shale, is
situated above pay interval.  The middle-limestone is quite
absent in wells well-1 (gas charged), C and thick in well E. A
seismic section from 3D volume is shown in Figure 6.
Synthetic seismogram is overlaid on the section for
identification of pay zones. Spectral analysis of seismic data
showed bandwidth of 18 - 72 Hz and good S/N. Taking peak
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Figure 3.Log correlation profile connecting six wells across the area.
Location is shown in Figure 2 with blue arrows.

Figure 4. NNW-SSE profile showing different log facies. Bound-
aries and layers are same as in Figure 3. Location is shown
in Figure 2 with red arrows.

Figure 5.Log and acoustic properties of layers of Unit-IV within
Mahuva formation

Figure 6. Seismic section showing well tie and signatures of Mahuva
pay sands. Gamma ray and resistivity logs along with
synthetic seismogram are overlaid. Yellow curve shows
“channel-base” surface.

Mahuva are readily identifiable and correlatable throughout
the area. Individual layers and their onsets are not identifiable
on seismic section. However, composite reflection consisting
sharp peak encased in broad troughs is correlated as 11m (4
ms) pack of sand-2 (5.8 m), shale-3 (1.4 m), sand-3 (1.8 m)
and sand-4 (2.0 m). Broad troughs correspond to the top and
bottom shales of Unit-IV.

Inversion tectonics has made the area tectonically
complex. Polygonal faults and drop-down structures are
frequent in the Neogene sequences. Polygonal fault patterns
at top of Mahuva Formation (H3A) based on horizon slice of
coherency volume are shown in Figure 7.

The general seismic and log characteristics of the unit
containing pay-sands are summarized below:

- Cyclic deposition of shale and limestone layers during
stillstands of sea level in alternating transgression and
regression phases

- Deposition of sandstones in incised channels during
relatively lowstand of sea level. Pre-existing shales and
limestones were incised.

- Four types of log facies are identified on log profiles:

o Limestone, shale and sandstone alternation (well-2)
o Sandstone and shale alternation (well-1)
o Limestone and shale alternation (E).
o Limestone and thin sandstone alternation (well-6)

frequency 40 Hz and velocity 2750 m/s layers below 17 m
thickness are not resolvable by 3D data alone. On the seismic
section, top and bottom of formation, Mahuva Top and Lower
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- Individual layers are thin and beyond the seismic
resolution criteria of one fourth of the wavelength.

- Low acoustic impedance contrast at shale-sandstone
interfaces within the unit.

- Very low impedance in sandstones when it is saturated
with only gas because of lowering in density.

- Very high acoustic impedance contrasts at limestone
interfaces.

- Thin sands/silts pay zones often are less than 8 m.
- Sands/silts within Unit-IV are having lower density than

enclosing shales resulting in lower impedance contrasts
across boundaries.

The location and delineation of pay sands are difficult
with conventional interpretation methods because:

- Limestone interfaces cause strong events, which mask
and interfere with feeble reflections from underlying
pays.

- Bright spots caused by limestones and gas-bearing
sandstones are indistinguishable by conventional
attributes computation.

- Post depositional tectonic events are masking the
depositional characteristics.

FAVOURABLE TECHNIQUES

Integration of numerical modelling, instantaneous
attribute analysis, AVO analysis, spectral decomposition
analysis, coherency and seismic facies analysis may help in
identification and mapping of pay sands.

Figure 7. A coherency slice at top of Mahuva Formation showing
polygonal pattern of faults.

- Modelling to understand seismic responses caused by
lithological and petrophysical variations

- AVO analysis for distinguishing between lithology and
gas generated bright spots.

- Identifying discontinuities and geomorphologies with
coherency and spectral decomposition.

- Distinguishing amongst different facies with Neural
Network seismic facies analysis.

MODELLING AND DATA SIMULATION

Synthetic seismograms in CDP gather mode were
generated from blocked sonic and density logs of well-2,
adopting real field geometry and parameters. Model was
perturbed for generation of three sets of data: 1. real earth
model, layer properties directly derived from logs, 2. replacing
the limestone layer of Unit-IV by equivalent sand layer, and
3. replacing limestone layer by equivalent shale layer.
Simulated set of traces was visually correlated with real data.
Real data and simulated data are shown in Figure 8. Amplitude
phase and frequencies were extracted within 0 to –4 ms (one
sample) and 0 to –16 ms (four sample) windows with reference
to “channel-base” horizon. Combinations of attributes are
correlated with particular lithology.  Summary of attribute
responses is given in Table 1. The high amplitude in one and
four sample windows, both,  shows that limestone is

Figure 8. Synthetic responses of three lithological combination.
A. Real data, B simulated from actual logs, C. limestone
is replaced by sandstone, and D. limestone is replaced
by shale.
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contaminating the amplitude of sandstone layer. Average phase
is dependent on window length and insensitive to lithological
changes. Frequency is consistent to lithological changes but
variations are small. Combination of these attributes can be
used as lithology indictor.

a. High amplitude, low frequency and normal phase: real
earth model limestone is present.

b. Moderate amplitude, moderate frequency and normal
phase: limestone is replaced by sandstone.

c. High amplitude high frequency and normal phase:
limestone is replaced by shales.
In all three combinations hydrocarbon bearing pay zone
is present. This model does not explain presence of pay
sands, which can be inferred as given below:

a. Very high amplitude for limestone and shale alternation
b. Very low amplitude for homogeneous shales.
c. Moderate amplitude for sandstone shale alternation and

relatively high amplitude when contaminated by
limestone. If sandstones are gas charged then they are
easily identified by bright spot as apparent on Figure
11, well-1.

Table1. Summary of variations in seismic attributes on a
CDP gathers in one sample and four sample
windows.

Attribute Window limestone sandstone shale

0 to –4 High, Medium High

amplitude increasing decreasing decreasing
0-to -16 High Low Medium

increasing constant increasing
phase 0 to -4 Low Low Low

 increasing  increasing increasing
0-to -16 High High High

constant constant constant
frequency 0 to -4 low medium high

0-to -16 low medium high

AVO curves generated from calibrated logs at the
top and bottom of pay sands are inconclusive due to lack of
recorded shear wave data and weak acoustic impedance
contrasts at oil-bearing layer.

Oil charged sands might not produce enough AVO
anomalies for identification of pay zones. However, gas
charged sand generated class II AVO response (Figure 9). The
Poisson’s ratio was assumed as 0.15 in the gas layer.

Figure 9. Theoretical AVO curves from the top and bottom interfaces
of gas producing sandstone embedded in shales.

INTERPRETING FLUVIAL CHANNELS

Identification of the channel directly on the seismic
section is difficult (Figure 6) but its position is ascertained
with the help of synthetic correlation. A transect passing
through well well-2 and E shows seismic expression of the
channel like feature (Figure 10).  The lenticular geometry of
channels is conspicuous by concave-upward erosional surface
at base that down cuts into underlying bedrocks and by a high
amplitude planar surface at top that separates the channel fills
from overlying shales of Mahuva Formation. The well E
missed the channel while well-2 is located on the edge of
channel. Another transect passing through well-1 in SW-NE
direction is shown in Figure 11. The well is directly over the
paleo high on the crest of closure. Due to anticlinal dip the
channel is seen as tilted crescent. The sandstone of this well
is 8 m thick with very low impedance (interval velocity 1800
m/s and density 1.8 g/cm3). High impedance enclosing shales
are causing strong bright spot.

The right-hand side channel showing small hump at
top surface which is caused by differential compaction. It is
younger than the central channel. The time slice of 1880 ms
intersect the channel and very small portion of the channel is
visible due to high structural dip (Figure 12). To map the
channel seismically, a surface, named as “channel-base”,
corresponding to base of the channel was tracked through out
3-D volume and time structure map of this surface is shown
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Figure 10. A NW-SE transect showing two channel. Transect passes
through well-2 and well E.

Figure 11. A SW-NE transect showing bright spots in channels. It
is passing through well-1.

Figure 12.Time slice at 1880 ms showing intersection of channels
at A and B.

in Figure 13.  Seismic facies map over the channel base were
tried with smaller windows but only 40 ms window provided
the optimum map of four major classes (Figure 14). Average
absolute amplitude (AAA) attribute in 0-to 16 ms window
over the “channel-base” is shown in Figure 15. Channel
geometry is interpreted from moderate to high amplitude trends
in EEN-SW direction. The Channel geometry is very well
resolved on maximum negative amplitude (MNA) map (Figure
16). Spectral Decomposition within the window gave good
response between frequencies 20-50 Hz. A 32 Hz frequency-
amplitude slice is shown in Figure 17.  Discontinuous high
amplitude along the channel is indicative of sandstones in
channel.

Figure 13.Time structure map of “channel-base”. Three high trends
are seen. Wells are dry irrespective of their structural
position.

Combination of  volume tracking, attribute analysis
and Spectral Decomposition mapped the geometry and fills
of channel.

DISCUSSION AND RESULTS

Deposition of pay sands is inferred as incised fluvial
channel fills from the analysis of well logs (Figure 3, 4 and 5)
and visualization of 3-D data (Figure10, 11 and 12 ). Presence
of thick sandstone and absence of limestone in well-1, presence
of thick limestone in well E and absence of sandstone, show
preferential orientation of sand trends. The log characteristics
of well-1 is fining upward. Lenticular reflection package of
relatively high amplitude and surrounding weak reflection
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Figure 14.Seismic facies map in 40 ms window over the channel-
base surface showing four major seismic facies classes.

Figure 15. Average absolute amplitude (AAA) in 0-16 ms window
over the “channel-base” surface. The Channel geomor-
phology is inferred from moderate amplitude trends.

events show that the channels were incised in downlying shale/
limestone of shallow open marine environment and sandstones
are embedded in it.

The drilled wells are located NW-SE structural high
trends (Figure 13)  but channels are in EEN-SW trend and it
may be one of the reasons for dry wells. Wells that are within
channel or immediate vicinity of channel are potential

Figure 16. Maximum negative amplitude  (MNA) between  channel-
base  and near channel top surface showing conspicuous
geomorphology of channel.

Figure 17. Spectral decomposition amplitude slice of 32 Hz fre-
quency showing amplitude distribution within the in-
ferred channel.

hydrocarbon bearing.  The high amplitude in NW-SE direction
(Figure 17) are misleading as they are caused by limestone
since our “channel-base” surface is time transgressive. These
limestone  areas can be distinguished with high frequency and
high amplitude combination while sandstones are
differentiated with channel geometry and low frequency and
moderate amplitude attribute.
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CONCLUSION

Thin sandstone reservoir facies and non-reservoir
facies have been differentiated by integration of modelling
and modern 3D interpretation tools. Thin sandstones are
confined in narrow incised channels. Seismic sequence
attributes coupled with Spectral Decomposition delineated the
geometry and content of channels. Coarse grained hydrocarbon
bearing sandstones have been inferred by moderate to high
amplitude and low frequency. Findings are qualitatively
validated with well data. The Area is having good potential
of reservoir rocks.

ACKNOWLEDGEMENTS

We are thankful to HEAD GEOPIC, HEAD INTEG,
and Shri Mahesh Chandra, Ex. G.M (Geology) for
encouragement and guidance for the preparation of this paper.

We express our sincere gratitude towards Director (E), ONGC,
India, for according permission for submission and publication
of this paper.

The views expressed in this paper are exclusively of
the authors and need not necessarily match with official views
of ONGC.

REFERENCES

Pangtey, K. S., 1996, Positive inversion structures and possibility
of strike-slip movement in Tapti Daman Sub Basin: ONGC
Bulletin, 33, 99-112.

Peyton, L., Bottjer, R., and Partuka, G., 1998, Interpretation of

incised valleys using new-3D seismic techniques: A case
history using Spectral Decomposition and coherency, TLE,
17, 1294-1298.


