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Introduction

A stratigraphic trap, a pinchout in particular,
located at the periphery of an oil field generally carries
hydrocarbons in it. As the structural traps for hydrocarbons
are depleting and the demand for hydrocarbons is going
up, finding of the peripheral hydrocarbons has become a
thrust area in exploration for hydrocarbons in a basin.

We know, a sand body thinning out in a basin
margin theoretically becomes unseen in seismic data when
its thickness becomes less than 10 m. In reality, even a 15
m thick sand layer evades detection by seismic. This creates
a seismically dark zone at the basin margin where a sand
unit as thin as 4 to 5m in thickness, contains hydrocarbons
in it. The failure of seismic in detecting the layer upto its
terminating point creates an uncertainty in finding the right
location of drilling for peripheral hydrocarbons in a basin.

It is observed that when a stratigraphic trap of
hydrocarbons at a shallow depth (<2 km) lies bounded by
geologic units of density higher than that of the trap, the
gravity response of the geologic set up appears as a gravity
low of amplitude varying from 0.15 to 0.44

mGal in the Bouguer gravity profile. It is so small
compared to the Bouguer gravity data that it cannot be easily
detected in the usual residual analysis. After discovery of
the world’s largest pinchout by residual analysis (Fig. 1),
Nettleton (1972) remarked that discovery of the East Texas
pinchout by residual analysis of conventional high quality
survey gravity data was not a realistic possibility.

The pinchouts in India, Cambay basin in particular,
are much smaller that of the East Texas pinchout. The East
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Summary

After discovery of structural traps mostly by seismic method, oil industries are looking for strategraphic traps,
pinchouts in particular, at the margin of a basin. A sand body thinning out at the periphery of an oil field generally carries
hydrocarbons in it and it evades detection by seismic when it is less than 10 m in thickness. This creates a seismically dark
zone in the basin margin inviting uncertainty in choice of location of drilling. This in turn leads to a financial risk in
extraction of the peripheral hydrocarbons in a basin.

In this paper an attempt is made for delineation of a pinchout by isolation of its partial residual gravity response. It
is achieved by successive removal of low frequency components from Bouguer gravity data in an iterative scheme. The
computed gradients of the residual ensure its isolation by exhibiting a similar set of gravity and gravity-gradient signatures
at the same location, as the process of separation continues, the gradients defining the terminating edge of the pinchout. The
subsurface feature is then identified by simultaneous consideration of the partial residual and its gradients and depth to it is
obtained by down continuation of the horizontal gradient along a vertical passing through it.

The technique is applied to the field data of Ankleshwar and Mansa area of Cambay basin, Gujarat. The pinchouts
identified along Ankleshwar –Kosamba in Ankleshwar and those along a EW line in Mansa, agree closely with the drilled
data.

Fig. 1: Grandient analysis of a gravity profile across the east texas oil field
(After Hammer)
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Texas pinchout with density contrast – 0.2gms/cc produce
an anomalous gravity response of amplitude 0.44 mGal
(Hammer and Anzoleaga 1975)and that of the largest
Ankleshwar pinchout in Cambay Basin with the same
density contrast produce  a response of amplitude 0.24 mGal
(Laskar & Samaddar 1991), a response hardly can be
isolated by usual residual analysis.

In delineation of a pinchout, Hammer and
Anzoleaga (1975) have shown that the gravity response and
its horizontal and vertical gradients uniquely define an up-
dip side flat pinchout. In this case, the gravity response
increases through negative values over it and the point of
inflexion of the horizontal gradient and the minimum /
maximum of the vertical gradient both lie almost on the
vertical passing through the edge of the pinchout (Fig 2). In
the field problem, the difficulty arises in isolation of the
gravity response and subsequent computation of its stable
and reliable gradients which are highly sensitive to error in
input data (Hammer 1979, Laskar 1999).

Hammer and Anzoleaga (1975) computed the
horizontal gradient of the gravity data of East Texas oil field
and drew a mean curve through the computed gradient-
values for its interpretation in terms of location of a
subsurface pinchout (Fig. 1). To solve a field problem they
directly measured the horizontal gravity-gradient from
triangular gravity survey that produces the result free from

the regional gravity and subsequently identified the
pinchout from the computed horizontal gradient in East
Central Bolivia.

It is to be noted here that following Hammer and
Anzoleaga (1975) large pinchouts, as we come across in
East Texas and East Central Bolivia, can be identified by
the directly measured horizontal gravity gradient. A
pinchout in Cambay basin producing an anomalous gravity
response of amplitude varying from 0.15 to 0.24 mGal
(Pandey at al 1978, Laskar and Samaddar 1991) is not
expected to be identified by the procedure presented by
Hammer & Anzoleaga (1975). Further, the unambiguous
identification of a pinchout on simultaneous consideration
of its gravity and gravity-gradient responses shown in Fig.
2 is left out for the difficulties faced in isolation of its gravity
response from Bouguer gravity data and computation of
stable and reliable gravity-gradients from field data.

In this paper, a technique is presented for isolation
of partial gravity response of a mass-deficient subsurface
feature from Bouguer gravity data by successively removing
the low frequency components from it in an iterative scheme.
Subsequently, a pinchout is identified on simultaneous
consideration of its gravity and gravity-gradient responses,
the gradients computed following Laskar (1999). Finally,
depth to the pinchout is determined following (Laskar 1991)
by down-continuation of the isolated horizontal gradient
along a vertical passing through it.

Finally, it is applied to the field data of Ankleshwar
and Mansa area of Cambay basin, Gujarat. The pinchouts
identified along Ankleshwar – Kosamaba line and those
along the Makenpura – Karsempura EW line passing
through wells M-1 and M-11 in Mansa agree with the drilled
data to a good degree of accuracy.

Theory

For 0
rφ defining a smooth Bouguer gravity profile

over a datam line S defined by z=0 in a xoz reference frame
with z-axis upward , the kth order partial residual gravity
response of the subsurface, following  Laskar & Samaddar
(1991), is given by the iterative formula.
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1−k
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specified over  and over  is the up-continued Bouguer

gravity datato the level z = î = 0.25 km above .

On obtaining the  over , the up-continued and its
stable and reliable horizontal and vertical gradients are
computed, following  Laskar (1999) at level z = î = 2h =
0.25 km and these are denoted by g, g

x 
and g

z 
respectively ,

h defining the spacing of  over . In this case, g
x 
appears

nearly with the same level of error present in and g
z 
appears

with enhanced error without a shift in its position of an
extremum (Laskar 1994).

In the above process, once the gradients of identify
a mass- deficient subsurface feature at a location x=x

0 
for a

particular value of k, the gradients of the next higher order
residual , exhibit similar gravity and gravity–gradient
responses at the same location till they become distorted
on further increase in k.

Display of similar gradient signatures at the same
location, over and over again as k increases, not only
confirms the existence of a particular feature in the
subsurface but also ensures isolation of partial gravity and
its gradient responses for their subsequent use in further
analysis of data.

Since the computed horizontal gradient is nearly
free from the effect of low frequency responses of k

rφ  and
it is computationally more stable and reliable than the
vertical gradient (Laskar 1999), the isolated horizontal
gradient computed at level z = ξ  can be down continued,
following Laskar (1991), along a vertical for determination
of depth to the causative mass, the subsurface mass-deficient
feature in this case.

For H defining the normalized horizontal gradient
field at the level z = î its downward vertical gradient at
depth z = jÄz below it, following Scarborough (1966), is

z

H
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 is the kth order difference of H
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 placed

against in the depth z
j
 in the horizontal difference table of
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 is the vertical gradient of H at depth z

j 
and ∆z is the

spacing of H
j
 along the vertical.

Now the normalized variation in Ä
z
H

j
 relative to

A
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H

3
 obtained at shallowest depth z = 3Äz, is given by
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, j = 3,4,  ..........m-2   …..(3)

where represents its maximum value for j varying
from j = 3 to j = m-2, z

m
 defining the last depth of the down-

continuation of H along the vertical.

If D be the depth of the first maximum of Ä
z
H

j
 in

(2) and consequently that of ç
j
 in (3), following Laskar

(1991), D is considered to be the depth to the top of the
subsurface feature, the depth being measured from the up-
continued level z = î. This becomes (D- î) when measured
from datum level z=0.

Application to Field Data

In Cambay basin, the pay sands of bulk density ñ
b

=2.2gms/cc bounded by shaly SST, tight sandstone and shale
of ñ

b 
= 2.4 gms/cc (Fig. 3) creates a suitable geological set

up for the pinchout producing an anomalous gravity
response of amplitude varying from 0.15 to 0.24 mGal to
be identified by the partial gravity and its gradient-responses
discussed in the paper.

Fig.3 : Litho-unit swith bulk density in Mansa
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Identification and Depth–Determination of Pinchouts Lying
Across

Ankleshwar–Kosamba line in Cambay Basin

Ankleshwar is a well known oil field in Cambay
basin, Gujarat. This field lies between Ankleshwar at north
and Kosamba at south separated by a distance of about 23
km. The Deccan basalt with depth varying from 1.67 km at
Ankleshwar to 1.44 km at Kosamba with a low of about
2.25 km in between them, form the basement (technical)
and different geological units rapidly thinning towards south
form the sedimentary cover in the area. The groups of pay-
sands of Ankleshwar separated by shales and terminating
around Kosamba, form the possible pinchouts in the area.

On finding the smooth version of the Bouguer
gravity data along A1-A2 Ankleshwar-Kosamba line, partial
residual gravity, k = 1, 2,…5 are computed by (1) taking æ
= 1 km. Subsequently following Laskar (1999) the partial
gravity g and its horizontal and vertical gradients g

x 
and g

z

at level z = î = 0.25 km are computed for each of theprofiles
and these are shown in Fig. 4 as k successively assumes the
values 1,2,…5, along with the geological section constructed
from well-data by erstwhile  BSD(West) group of KDMIPE.

It is evident from Fig. 4 that the g, g
x
 and g

z  
profiles,

obtained from k
rφ for k=3, clearly indicate existence of

pinchouts at around x=10, 12.5 and 13.75 km. Similar sets
of g, g

x 
and g

z 
 profiles repeatedly appears at the same

location as k assumes the values 4 and 5. This confirms
existence of the pinchouts and isolation of g

x 
profile obtained

for k=3.4 and 5.

The normalized vertical gradient profiles of g
x

(=H), obtained from the downward continued g
x
 along the

verticals at x=9.5 and 13.5 km, are shown in Fig. 5. The
depth to the pinchouts at x=9.5 and x=13.5 km appear as
1.25 (=1.5 – 0.25) and 0.75(=1-0.25) km respectively below

the datum line S . The depth to the former appears to be 1.3

km in the constructed geologic section, the later lying outside
the section where the units are rising near Kosamba.

Pinchout–limits of Kadi and Kalol Sand units in Mansa
Area at the Basin   Margin

In Mehsana – Mansa area of Cambay basin, the
subsurface basalt (technical basement) rises gradually
towards east with the sedimentary units terminating at the
margin of the basin. The Cambay shale of early Eocene age
forms the source rock, the Kadi-Kalol formations, consisting

Fig. 4

Fig. 5 Depth to pinchouts lying across matwan-sisodra line

of sand and shale alterations of middle Eocene age, form
the reservoir rock and the Tarapur shale of late Eocene /
Oligocene age forms the cap-rock in Mansa Area. These
are recognizable in the seismic section G 224-03 passing
through wells M-1 and M-11, the terminating portions of
the sands remaining unseen in it.
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The Bouguer gravity and a tentative regional
gravity profile are shown in Fig. 6(a), the up-continued
values of the 4th order partial gravity 4

rφ  and its horizontal
and vertical gradients computed at level z = ξ  = 0.25 km
are shown as g, g

x
 and g

z
 profiles respectively in Fig. 6(b).

A tentative geological section with basement profile derived
from magnetic data (Laskar et al 1996) is shown in Fig.
6(c).

Comparing the gravity and gravity–gradient
profiles of Fig. 6(b) with those of Fig. 2, we find that four
possible termination points of pinchouts exist at x = 4.125,
8.75, 11.125 and 16.5 km along the EW line passing through
the wells M-1 and M-11. The location of the terminating
point of a subsurface pinchout at a point x = x

0 
over the

datum line S , is identified by the g-profile rising through
negative values around it, the point of inflexion of g

x 
and

the point of the minimum of g
z 
, both lying nearly on the

vertical to  at x
0 
.

Since we encounter both Kadi and Kalol in well
M-1 at x= 6.5 km and only Kalol at M-11 at x=10.5 km, the
pinchout edge at x=8.75 km must be the terminating point
of Kadi and that at x=11.125 km must be that of the Kalol
sand unit. The possible pinchout at x=4.125 km at a deeper
depth needs further investigation for the pinchout lying at
the left end of the survey line. The pinchout at x = 16.5 km
at a very shallow depth, lying disconnected to Kalol,
possibly carries drinking water in it.

The computed depth to the pinchouts at x = 8.5
and 10.5 km, shown in Table 1, are 0.5 and 0.375 km
respectively below the datum line S . The computed depth

0.375 km at x = 10.5 km closely agrees with the drilled data of
well M-11 at the same location, the well encountering the
Kalol unit at depth 0.388 km below the datum line .

Conclusion

The terminating edge of a shallow (depth <2 km)
pinchout producing an anomalous gravity response of
amplitude varying from 0.15 to 0.24 mGal can be uniquely
identified by partial residual gravity and its gradients. The
depth to the pinchouts can be obtained on downward
continuation of the isolated horizontal gravity gradient along
a vertical passing through it.
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