
388

Identification of Prefered Reservoir Development In Olpad
Formation For The Exploration Of Deeper Prospects

 Broach Block, Cambay Basin
S. Mayor1, S.S. Sawkar2, A.K. Das2, Ganga Ram3, D.S. Randhava2 & S.P. Painuly2

1KDMIPE, ONGC, Dehradun   2 Western Onshore, ONGC, Baroda
3 Western Offshore, ONGC, Mumbai

5th Conference & Exposition on Petroleum Geophysics, Hyderabad-2004, India  PP 388-395

ABSTRACT : Broach–Jambusar block of Cambay Basin, India has sediments up to 7 km at the depocenter. Wells have been

drilled mainly for the exploration of Hazad sediments of Middle Eocene age. The sediments of Early Paleocene age have high

potential and needs immediate attention for exploration of deeper prospects in which about 152 MMt (O+OEG) prognosticated

resources are yet to be established. As a result an integrated approach has been framed to establish reserves at greater depth. Few

wells have been drilled beyond 4000 m wherein an arenaceous section of Olpad Formation has been encountered. This has been

termed as Tankari Member consisting of ten lithic layers which are classified as OLS-1 to OLS-10. The clastic deposits have been

calibrated with Seismic data wherein the seismic facies unit  showing chaotic to sub-parallel reflection configuration showing

high amplitude and impendence anomaly confirming the presence of porous reservoir is observed on the eastern rising flank of

Tankari low. Two prospects were identified to give impetus to the exploration of deeper prospects in Broach –Sub-Block.

INTRODUCTION

The Cambay Basin is a narrow elongated rift graben
situated between Saurashtra Craton on the west and Aravalli
on the northeast and Deccan craton to the southeast (Fig 1).
It extends from Sanchor in north to the Gulf of Cambay in
south and opens into the Arabian Sea. On the west and east, it
is bounded by basin margin faults.  It extends up to Viramgram
and Gogha in the west while Himmatnagar-Baroda and
Rajpipla lie near to its eastern margin.

The Cambay Basin covers an area of about 59000 sq
km. It lies between the west and northwestern margin of Indian
shield between latitudes 21°N to 25°N and longitudes 71°15’E
to 73°30’E in the states of Gujarat and Rajasthan.  The basin
is about 425 km long with an average width of about 138 km
in the central part.  Quaternary sediments including alluvia of
Banas, Saraswati, Sabarmati, Mahi, Narmada and Tapti rivers
cover a large part of the basin.

Mathur and Rao (1968) identified five tectonic blocks
in the Cambay Basin based on major basement controlled
transfer faults and geofracture lineaments namely Sanchor-
Patan block, Mehsana-Ahmedabad block, Cambay-Tarapur
block, Jambusar-Broach block and Narmada-Tapti block. The
basin is further sub-divided into two parts informally as North
Cambay Basin and South Cambay Basin, separated by Mahi
River, for better understanding of the Geological set up.

Figure 1 : Map of Cambay Basin (After J.Pande et.al. 1993).

The study area falls in the Jambusar-Broach Block
between Mahisagar and Narmada rivers. More than 600wells
are drilled and terminated in Cambay Shale.  Few wells on
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as ‘Vagadkhol Formation’. The Formation name was retained
as ‘Olpad Formation’. This Formation, unconformably
overlying the Deccan Trap, is having a gradational contact
with the intertounging older Cambay Shale at the basinal parts.
The Olpad Formation is unfossiliferous but based on its
stratigraphic position vis-à-vis Cambay shale it is assigned an
age from Paleocene to Lower Eocene.

Olpad Formation has different provenance at
different places in Cambay Basin the lithological variations
in different tectonic blocks are discussed below.

In Mehsana-Patan block pro-delta remained active
and advanced southwards along the Unawa-Sobhasan-
NorthKalol axis.  As the delta advanced further, the Olpad
facies became less and less sandy, resulting in the development
of isolated sand bodies in the area. The remnants of these
sand bodies occur as offshore bars popularly known as lower
Kadi lenticular sands in South Kadi area.

In Ahmedabad block the Olpad Formation occurs
along Sanand-Nawagam-Dholka high in alluvial fan systems
that might have originated from the western margin.  Similar
occurrence of Olpad to eastern margin is envisaged wherein
the coarser clastics gradually grade into finer clays and
pro-delta shales.

The occurrence of Olpad Formation on the basement
highs can be explained by the dumping of Olpad sediments in
the depression, originally existing in the basins that
subsequently became highs due to block reversal movement
as explained by Chowdhary (1975).

At places, the origin of Olpad Formation can be
attributed to weathering and leaching of the pre-existing highs.
The results of leaching could be in the forms of “Wash and
wacke” conglomerate and grity sands accumulated on the
crests and immediate slopes of the highs grading into clays
further downwards. This aspect observed as in Nawagam lower
pay reservoir, induces local porosity barriers, vertically and
aerially resulting into differential behavior in fluid distribution
and production.

On similar situations, in Broach-Jambusar block, the
deposition of clastic deposits took place on the flanks of the
Pakhajan-Kava-Jambusar high axis and is identified as future
exploration targets.

In general, Olpad Formation in the sub-surface of
Cambay Basin is characterized by mainly three lithosomes.
They are Upper-sandstone lithosome; Middle clay-stone
lithosome and Lower-Trap wash lithosome.

the margins have been completed within Olpad.  And one well
is terminated in Pre-Cambrian Granitic basement

OBJECTIVE OF THE STUDY

Re-appraisal of the existing data is necessary to
model deeper prospects in Broach Block and to focus areas
of preferred Reservoir Development and entrapment situations
of commercial value.

REGIONAL GEOLOGY OF THE OLPAD
FORMATION

The generalized stratigraphy of Cambay Basin with
respect to Broach-Narmada Block is placed in Fig 2

Figure 2  : General stratigraphy of Cambay Basin (J.Pande et.al. 1993).

Since the paper is confined to the Olpad Formation
in Broach Block, this stratigraphic sequence has been dealt in
detail. The Olpad Formation was originally recognized in the
eastern margin outcrop near Baroda by Sudhakar, and Roy
(1959). Subsequently Rao, Chandra and Chowdhary (1969)
named this unit as Olpad after a well is drilled in Olpad area.
Sudhakar and Basu (1973) preferred to call Olpad Formation
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The Trap conglomerate to Trap wash and trapwacke
facies are best developed along basin margin and over the
paleohighs whereas towards the deeper part of the basin and
along the flanks of the structures, conglomerate grade into
reddish brown claystone and siltstone without any
intertounging sandstone.  Notable features of Olpad Formation
are (i) Poor rock stratification ranging from conglomerate to
claystone size particles. (ii) Monotonous section of unstable
rock types. (iii) Poor sorting.  (iv) Sub-ordinate matrix.

EVOLUTION TECTONICS AND STRUCTURAL
STYLE OF BROACH BLOCK

The Cambay graben is thought to be the northwest
extension of NNW-SSE trending west coast fault paralleling
the Precambrian Dharwarian orogenic trend cutting across
the ENE-WSW trending Narmada-Son lineament parallel to
the Satpura trend.  The NE-SW trending Delhi-Aravalli
orogenic trend is another tectonic feature, which continues
across the Cambay Basin into the Saurashtra platform and
forms the third important tectonic trend.

The rifting along the west coast of India as a sequel
of Sea floor spreading resulted in the creation of major tectonic
blocks associated with basin formation.  The complimentary
nature of these tectonic blocks juxtaposed against each other
through strike-slip movements along the major Narmada
Geofracture has resulted in the formation of five different
blocks.

The tectonics and sediment deposition have played
an important role in the evolution of the Broach-Jambusar
block.

At Deccan Trap level, two major trends of depression
i.e. NNE-SSW towards the west, and the other E-W to the
east of Pakhajan-Jambusar high are observed. (Fig 3) Two
major paleohighs running parallel to the Tankari low on the
east & west have played a major role in the deposition of the
Olpad clastics. The eastern paleoridge is known as Pakhajan–
Kawa–Jambusar high axis and the western paleohigh is known
as Nada-Devla-Malpur ridge. Three major depocenters around
Gandhar-Dahej, Vagra & Jambusar are also evident.  At Olpad
level the Gandhar-Dahej and Vagra depressions get enveloped
into one large depocenter with three culminations. (Fig 4)

ELECTROLOG CORRELATION

The regional electrolog correlations across the
Broach block (Fig 5) have indicated two different regimes of
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Figure 3  : Isochron map of Deccan Trap.

Figure 4  : Isochron map of Olpad Formation.
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layers are dirty patchy lithic sands/silts of fine to medium
grained having a range of porosity 20 to 26 %.

GENERAL STRATIGRAPHY OF THE AREA

The Olpad section is well developed in almost all
the wells. It is characterized by serrated log motif resting on
the high resistivity Deccan Trap and overlain by low resistivity
compact Cambay shale. The general stratigraphy of the type
well A placed in the Table 1.

Identification of Prefered Reservoir Development In Olpad Formation

Figure 5 : Regional correlation of wells terminated within Olpad.

geological environment and maximum thickness in Tankari
area. Northeastern part of the study area suggests the
deposition of conglomerate/boulder facies as Fan complexes
in the eastern margin (wells D, E & F).

Whereas on northwestern parts of the area,  the
development of fine to coarser clastic reservoir facies in the
vicinity of wells A, B, C, G and H can be called as Weathered
clastic facies. This suggests two different regimes of
environment owing to the different provenance during the
deposition of Olpad Formation.

The Olpad section in key well A has been identified
as “Tankari Member”. It is divided into ten sub layers from
OLS-1 to OLS-10 layers separated by shale (Fig 6). These

Figure 6 : Sub layers within ‘Tankari Member’

Age Hazad Member Interval (m) Thickness
(m)

Miocene Post Dadhar 0-2375 2375

Recent

Oligocene Dadhar 2375-2512 137

Middle Ankleshwar Ardol 2512-2693 181

Eocene Hazad 2693-2770 77

Lower Eocene Cambay shale 2770-6306 836

Paleocene Olpad 3606-4321 715 (+)

SEDIMENTATION OF OLPAD FORMATION AND
ANALYSIS OF OLPAD SEDIMENTS

Based on geological data, the sedimentation of Olpad
formation can be discussed under two parts based on the
provenance. These are eastern part based on data of type well
D and western part based on data of type well A

EASTERN PART

The Olpad Formation in well D consists of alternation
of trap conglomerate/trap wacke and variegated, greenish to
dark grey, even reddish brown and ash grey, hard to very hard
compact and non-calcareous claystone. Based on lithological
association, this sequence is divided into five sub units.  Lower
unit is hard compact, non-calcareous, greenish grey to dark
grey Trap wash embedded within clay matrix. Upper unit is
Claystone lithosome occasionally with medium to coarse-
grained sand particles. On electrologs the Olpad Formation is
characterised by serrated SP and resistivity motif that
differentiates it from the overlying inter-tounging Cambay
Shale by relatively higher resistivity and density contrast and
from the underlying Deccan Trap by lower resistivity and
density contrast.

Thus, the Olpad Formation mainly consist of
conglomerate made of poorly sorted angular trap fragments,
sub-rounded gravels, lithic sands and argillaceous matrix with
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three layers of variegated claystone, often reddish accumulated
under continental or lacustrine generally oxic environments.
These deposits can be classed under Fan complexes.

Intercalation of the facies are observed on the margin
or associated with faults (Synrift phase) where alluvial fans
(Fanglomerate) co-existed with low energy probably paludal
environment.  Few thin coal seams are also found locally in
the Olpad Formation.

In western part the type well A has encountered 885m
thick Olpad Formation. It contains several zones of moderate
resistivity showing positive SP anomaly.  Few zones in the
top part have low water saturation indicated fluorescence with
positive cut and gas shows while drilling. Whereas bottom is
represented by Trap fragments.

The Olpad section comprises of sediments of shale,
siltstone and dirty immature sands with minor claystone
associated with trap fragment, and trap derivatives. With the
active subsidence in the western part, the Olpad sediments
might have been deposited along the rising flanks of Tankari
low & exhibit thinning towards the Nada-Devla-Malpur ridge.
Although no fossils are found in Olpad, this formation is
considered as deposited in Paleocene, but sedimentation may
have continued during the early Eocene.

This unit consists of major 10 sands and has been
classified as Olpad sand-1 to Olpad sand-10 (OLS-1 to OLS-
10).  These layers further exhibit better seismic characters
updip and are identified as preferred reservoir development
for exploration.

The geoscientific data from different vintages were
interpreted along with the data from wells. Seismic data were
calibrated with the Tankari Member on electrolog data of the
type well A (Fig 7). An anomalous ‘Seismic Facies Unit (SFU)’
having high amplitude reflection showing chaotic to sub-
parallel reflection configuration is identified within Olpad
formation along hanging wall of Tankari fault (Fig 8 & 9). On
contrast, on seismic section the SFU has developed similar
reflection characters at nearby wells A & C. This is
substantiated by silty reservoir facies in these wells. However
this facies grades basin ward to a unit of reflection having
moderate to poor amplitude.

SEISMIC ATTRIBUTES

Following seismic attribute studies were taken up to
determine the reservoir quality within SFU.

Figure 7 : Calibration of seismic data with Electrolog of well A.

Figure 9 :Section A-A’ showing lowering of frequency against SFU
Seismic Interpretation.

Figure 8 : Section A-A’ showing high amplitude reflection SFU.
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l RMS amplitude
l Interval velocity
l Acoustic inversion
l Interval travel time

The RMS amplitude (Fig 10) and interval velocity
(Fig 11) studies of SFU on a seismic grid over the area have
brought out a NW-SE trending zone comprising of high RMS
amplitude and low interval velocity on the hanging wall
parallel to Tankari fault. This zone is inferred to be the
arenaceous facies within Olpad sequence. This has been
identified as a prospect. (Fig 12)

Figure 10 :RMS amplitude map of SFU showing the high amplitude
along Tankari Low

Figure 11 :Map showing low interval velocity zone within SFU along
Tankari fault.

Further an impedance anomaly has been observed
through acoustic inversion studies on line A-A’ (Fig 13). This
anomaly indicates porous reservoir and likely hood of
hydrocarbons

Figure 12 :Isochron map showing zone of low interval velocity and
high RMS amplitude.

Figure 13 :Sesimic section A-A′ showing impedance anomaly against
SFU.

In addition, the interval travel time plots (Fig 14
& 15) against depth from sonic logs of well C and two way
time from seismic section A-A’ have indicated the deviation
from normal in the interval against SFU. This observation
coupled with high RMS amplitude anomaly further strengthens
the possible development of under compacted gas filled sands
associated with high-pressure regime.

GEOLOGICAL MODEL

Integration of all the geoscientific data has resulted
in developing a conceptualized geological model for the
exploration of Olpad Formation.

The Olpad sediments are mainly continental deposits.
Two types of hydrocarbon plays anticipated are fan complexes
and weathered clastic deposits on highs and flanks of the highs.
The sediments at the Olpad top are associated closely with
unconformities, often lying immediately over or being
sandwitched between major erosional surfaces.
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In the eastern part, Olpad sediments occur as
weathered deposits over Padra field and fan complexes in the
vicinity of wells D, E and F wherein the topography shows
high gradients. Whereas in western part of Tankari low, the
deposits of weathered clastic are seen in the areas around wells
A, B, C, G and H (Fig 16). The flanks of the Pakhajan-Kawa-
Jambusar axis and Nada-Devla high axis are the better locales
from the hydrocarbon entrapment point of view.

In the regions of subsidence, it has many times built
complexes of well-sealed sand body that possess moderate to
excellent quality of reservoir properties. In general, higher

Figure 14 : Interval travel time plot of sonic log of well C and seismic
data.

Figure 15 : ITT plots of section A-A’ showing abnormal pressure.

Figure 16 : Geological model for Olpad exploration.

the paleoslope, the straighter will be the channels. It will
become evident only after the collection of abundant
subsurface data. The changes in SP log of the layers in wells
A, G and H have been used to trace the lateral and vertical
extent of the flanking sand bodies. Further these have been
confirmed from the seismic attributes. The salient features
are as follows.

l The area lies between two prominent ridges namely Nada-
Devla-Malpur ridge & Pakhajan-Kawa-Jambusar ridge.

l The detritus material brought in from both the ridges and
deposited as finer clastics in the vicinity of wells G and H
aligned parallel to Tankari fault.

l The finer clastics may have been transported by rolling
further basin ward and deposited along the hanging wall
of the Tankari fault in sub aerial to marine environment
with intertounging relationship with Cambay shale (Fig 17)

l These clastics during the course of subsidence have graded
into preferred reservoir development and formed as a
stratigraphic deposit termed as weathered clastic deposit.

l The up-dip wedge out of these clastic layers on the rising
part of Tankari low appears promising for hydrocarbon
exploration.

l The play appears to be of stratigraphic type as envisaged
from the seismic attribute analysis.

DISCUSSION

In the Olpad Formation, Out of the two main plays
identified namely fan complexes & weathered clastic deposits,
the deep wells drilled in the fan complexes have not yielded
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hydrocarbons. Whereas, the weathered clastics of eastern
margin are commercial producer of hydrocarbons and in the
western part i.e. the flanks of Nada-Devla ridge & flanks of
Pakhajan-Kawa-Jambusar high are indicative areas of
weathered clastics.

3) The studies have broughtout seismic attribute based
preferred reservoir development in Olpad Formation.

4) The Olpad Formation is mainly continental deposit of
Paleocene to Lower Eocene age.  The rising parts of the
depression like Tankari are the areas for exploring the
clastic facies within Olpad.

5) The provenances for the deposition of Olpad Formation
in Broach sub block are from eastern margin and Nada-
Devla ridge.

6) The presence of velocity inversion is noted in the deeper
part of the Basin and is indicative from seismic attribute
for exploration of such reservoir.

7) In Tankari low 10 lithic layers have been identified in
Olpad Formation which could give a lead to a mini oil
field buried below the Hazad pays.

8) The generation of hydrocarbons in Olpad is reported from
the source rock studies of the deep wells.

9) A prospect has been identified for the exploration of
Olpad sediments.
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Figure 17 : Geological model showing deposition of fan complexes
and weathered clastic facies.

The seismic attributes through RMS amplitude, and
low interval velocity confirm the porosity areas within clastic
deposits.  Inversion studies bring out clear impedance anomaly
to further confirm better quality reservoirs.

In Bharkhodra-Devla-Nada area, the laboratory
studies of samples indicate that the Olpad sediments are
matured and fall in both oil as well as gas window in some
wells. Whereas in well A only top 25 m are capable of
generating oil and section between 3476m and 4092 m are in
gas generating phase. Beyond 4092m sections the sediments
are over cooked with Vro greater than 2%, which is taken to
be the limit of major hydrocarbon generating phase

From the history of wells G& H this section is over
pressured.  It has been tried to establish some type of
relationship between the reflection characteristics within an
over pressured section and the reflection attributes in a
normally pressured section where the correlation between the
geology and the seismic response is better known.

As a result the development of preferred reservoir in
Olpad formation has been identified as exploration targets.

CONCLUSION & RECOMMENDATIONS

1)  The prognosticated resources for the deeper prospects
are to the tune of 150 MMt, which amounts to 25% of the
total in Broach block.

2) Out of 150 MMt, only 10% are converted into geological
reserves and hence aggressive efforts are required to
explore the balance.


