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ABSTRAOT

An area of about 325 square kilometres was covered by reconnaissance gravity and
magnetic surveys. The maximum possible thickness of Cretacoous and post-Cretaceous sediments
is about one kilometre. A number of buried hills of the relict type (and probably made up of
the Rajmahal basalts) have been detected along the southern bank of the Kasai river. The
reliefs of these hills may be up to 700-800 metres. The geology of the peripheral regions
of this alluvial tract seems to lend plausibility to the above views.

InTRODUCTION

Kharagpur (22° 19'-87° 18’ 30’') is situated at the southwestern periphery
of the alluvium-covered Bengal basin (Figure 1). In the adjacent areas of
Bihar, the Archaean granites, gneisses and schists are directly in contact with
the Recent (newer) and Pleistocene (older) alluvium. The exploratory wells
drilled by the Standard Vacuum Oil Company (Burdwan x-1, Galsi x-1 and
Jalangi x-1) have, however, penetrated through thick sections of Cretadeous
and Tertiary shales, sandstones and limestones, and touched the Lower Cre-
taceoust basalts corresponding to Rajmahal traps (Biswas 1959). The thick-
nesses of the sediments overlying the basalt in the wells at Burdwan, Galsi and
Jalangi are respectively 2,515, 1,273 and 3,216 metres. Since the locations of
the first two of these wells are similar to that of Kharagpur with respect to
the margin of the basin, it is expected that the same general sequence will
exist in this area. What lies between the traps and the Archaean basement ig
not known.

Except for a few metres of clayey soil cover at places, the pleistocene
alluvium is capped by a sedimentary layer of massive laterite. 'This laterite
is magnetic and due caution has to be exercised in making field magnetic

* Department of Geology and Geophysios, Indian Institute of Technology, Kharagpur.
Now at the Oil and Natural Ges Commission, Dehra Dun. R

t The Rajmahal traps are generally belioved to be Jurassic in age. Biswas (1959) gives
some justifications as to why he regards these basalts as being Lower Cretaceous rather than
Jurassic, The authors have simply quoted the latter view, without implying any preferences.
In any case, for the geophysical problem, the question is not of immediate importance.
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measurements. The recent alluvium occupies valleys cut in the older alluvium

by the existing rivers and streams.
A gravity and magnetic survey of the area around Kharagpur was carried
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out in January-February 1956 by the post-graduate students in Exploration
Geophysics at this Institute. The almost flat topography—with a maximum
variation of about 45 metres in several kilometres—is ideally suited for such
surveys. Observations were taken at 104 stations covering an area of about
325 square kilometres,

Some FirLp DrTans

Figure 2 shows a typical drift curve of the Worden gravimeter that was
used for the gravity measurements. Readings were taken between 7.00 and
about 14.00 hours with only an initial and & final base checks. This re-
sulted in some loss of the drift correction, but this was small compared to the
errors in elevation correction, as will be presently seen. For the elevation
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F16. 2. A typical drift curve for Worden gravimeter No. 157.

survey, a Paulin microaltimeter was used in conjunction with a recording
Paulin microbarograph at the base. The final elevations came out to be as
much as 4+ 3 metres (10 feet) in error due to two reasons. The microbaro-
graph record was not a continuous curve, but a succession of flat segments.
It looked as if the pressure accumulated until it became large enough to over-
come the friction between the recording point and the paper. Besides, the
recorded curves were very thick—the thickness itself corresponding to an
elevation difference of about 1-3 metres (4-5 feet), and, therefore, could not
be read to the desirable accuracy of 0-3 metres (one foot). With a surface
density of 2-00 c.g.s. units, this would mean an error of 0-7 milligals (in the
worst case) from elevation data alone. Fortunately, the anomalies encoun-
tered were high (8-12 milligals) and the above error could be treated as being
within permissible, though undesirable, limits.

The magnetic measurements of the relative vertical intensity were taken
by an Askania instrument and the usual corrections were applied. The



530 A. ROY & R, 8. AGARWAL : GEOPHYSICAL EVIDENCE OF BURIBD

maximum likely error (=¢ three times the standard deviation), as computed
from repeat measurements at a few stations on various days, is about 8 gam-
mas.

INTERPRETATION OF DaATA

The reduced gravity and magnetic maps are reproduced in Figures 3 and 4.

Gravity Map (Figure 3)

A glance at this map shows a series of strong positive gravity anomaiies
up to about 12 milligals along the northern boundary of the surveyed area.
The regional trend is quite apparent and can be very nearly represented by a
plane dipping eastwards.

Two reasons make it unlikely that these anomalies are due to density
changes within the Archaean basement itself. Firstly, the section penetrated
by the Stanvac wells indicate that the Archaean basement should be at a much
greater depth than that permitted by the quick build up of the anomalies.
Secondly, the horizontal span of the closures—measured between inflection
points—is small and less than 1-5 kilometres along the direction of maximum
gradient. This necessitates that the dimension of the anomalous mass along
the same direction be considerably less than the above value. Large density
changes within the basement do not usually take place so abruptly and over
so small an area.

It is also improbable that the anomalies originate from purely sedimentary
structures. The density contrast in such a case can hardly exceed 0-2 c.g.s.
units. If one recalls that a semi-infinite horizontal slab of mass of density
contrast 0-2 c.g.s. units needs a thickness of about 112 metres (375 feet) to
produce a one-milligal gravity relief, it becomes clear that any attempt to
explain the gravity high in terms of intra-sedimentary causes will call for huge
structural reliefs. As a matter of fact, we shall presently see that, in such a
case, the relief becomes much greater than the maximum permissible depth of
the base of the structure.

Since a high denslty contrast is essentlal the only other satisfactory
alternative is to consider the anomalies as being produced by relict hills of the
Rajmahal trap. The density contrast between the overlying sediments
(density about 2:2 c.g.s. units) and these basalts (density 2-87-3-00 c.g.s. units)
is between 0-6 and 0-8 c.g.s. units (vide Table 1I). Further, the depth range of
the base of the hills (top of normal basalt surface), as calculated from the
anomalies, falls within practically permissible bounds. Geologically, the
picture is plausible, because basalt hills of the relict type are widely known in
India. The Rajmahal hills themselves rise up to 450-500 metres above the
general trap surface, and are most likely to be the exposed equivalents of the
buried hills that are causing the gravity highs. The presence of a fault
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running along the basin fringe somewhere between the Galsi well and the trap
outcrops appears to be indicated. The most apparent reason for postulating the
fault is the huge and sudden difference in the trap level within the short
distance between the Rajmahal hills and the SVOC (Galsi) wells.

It is possible that the sediments arching upwards along the sides and
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above the buried hills may have contributed some of the anomaly. For
further interpretations, this has been taken to be small and neglected, and the
entire sedimentary section above the traps have been considered as uniformly
dense (2-2 c.g.s. units). Contributions from whatever is below the traps show
up only in the regional gravity trend.

2
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Some Depth Estimates.—The gravity profiles along AB and CD (Figure 3)
are shown in Figures 5 and 6, which also contain the estimated regionals and
residuals. If, to begin with, the anomalies are assumed to have been produced
by point masses, then the depths are given by

depth of point mass = 1-305 , = 1-305x0-76 km
== 1'01 km (for anomaly at NW corner) .. (1)
and depth of point mass == 1-305 x 0-68 km
== 0-89 km (for anomaly at NE corner). .. .. (2)

Here z, is the horizontal distance between the points of maximum -and
half-maximum residual anomaly. The figures in (1) and (2) give a rough
estimate of the maximum possible depth of the trap surface where it flattens
out. .

Let, now, the anomalous mass be considered to have a hemispherical
shape with the plane face parallel to and away from the ground surface. If d
is the depth of the centre of gravity below the ground surface, where the entire
mass may, as a first approximation, be taken as concentrated, then the maxi-
mum residual anomaly that the hemisphere can give rise to is

AGgmax = 2/3 . ﬂp773//d3, .. .. N . (3)

where r = radius of hemisphere, p = density contrast and y = gravitational
constant. The density contrast cannot be much different from 0-7 c.g.s.
units and, for the anomaly at the north-western corner, » =~ 0-8 km and ¢,..
== 9-5 milligals. This yields a value of d equal to 0-70 kilometres. Therefore,
the depth to the plane face of the hemisphere, which is also the depth to the
flat basalt surface, is

0-70 + (3/8)(0-80) = 1-0 km, .. .. o4

a value that checks very well with that in (1). And the depth to the top of
the hemisphere (top of structure) is

0-70 — (5,8)(0-80) = 0-20 k. N

This gives a relief of the structure of about 0-8 km. All these figures give the
extreme possible values, but the actual values cannot be very much different,
because there is only a small tolerance (0-2 km) between the ground surface and
the maximum possible depth of the top of the structure (at the NW corner).
Since the assumption of a hemispherical shape may appear somewhat
arbitrary, let us consider a finite vertical circular cylinder as the source body
and watch how the above values change. In this case, the maximum ano-
maly at the surface is '

Agmax = 2avell— /&2 Fa2+ . J(d—1)2+a2] x 108 mgals, .. (6)

2B
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where ! = length of the cylinder, d = depth of the base of the cylinder and a
= its radius. Substituting, as before, p = 0-7 c.g.s. units, & = 0-8 km (maxi-
mum possible horizontal dimension of the body along profile direction), Agu..
= 9-5 mgals and d = 1 km, one obtains

! = relief of NW structure = 0-76 km
and depth of top of structure = 0-24 km.

These values are not vastly different from those that have been previously
obtained. The sharpness and the high magnitude of the anomalies restrict
the range of ambiguity within rather narrow limits.

Magnetic Map (Figure 4)

There are two pronounced magnetic highs through which a profile XY
has been drawn in Figure 7. These highs are shifted towards the south
relative to the gravity closures. This is to be expected because of the strong
horizontal component of the terrestrial magnetic field at these latitudes. The
large magnitude of the anomalies and their comparative sharpness again
suggest that the source body could not be intrasedimentary in nature, but lie
in the susceptibility contrast between the sediments and the basalts.

The assumption of point poles yields the following values for the maxi-
mum depth of the flat basalt surface (base of structure):

Depth for western magnetic anomaly = 1:305x0-92 = 1-20 km and
depth for eastern magnetic anomaly = 1-305% 0-71 = 0-93 km.

These depths are in fair agreement with those already found. The magnetic
anomalies, of course, are not to be used for horizontal location of structures.

Some More Limiting Depths

Fisher (1941) and Bott and Smith (1958) gave some formulae for esti-
mating the limiting depths from gravity and magnetic anomalies. These are
also based on the supposition that the overburden is uniform and the density/
susceptibility changes abruptly only along one undulating surface (sediment-
basalt contact). The results of applying some of the inequalities, not involving
derivatives, are given in Table I. The meanings of the symbols in this table
are ~

h = depth of the top of the structure,
k' = depth of the deepest point on the structural surface,
A =g(x,)/g(xs) > 1, where g(z,) and g(zg) are the gravity anomalies
at z; and x,,
= 2g(x)/[g(x+8)+g(x —s)] > 1, where s is any distance,
and w, = distance from point of maximum anomaly to that at which the
anomaly falls to one-third of the maximum.
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TaBLE 1

Limiting values for NW gravity aromaly

-

Formula Result
1. W—h2Zg,../227 Relief > 0-32 km.
, lwg—azy a . .
ML 3 Thickness of sediments overlying basalt
-1 <117 km.
3. R <d(y.§ __1)—1 Thickness of sediments overlying basalt
< 0-99 km.
[9(z) taken equal to g,.,.]
3 z,)213
Ry~ [_g%a_x.(_.é_)_] Depth of top of structure < 0-14 km.
YP

There is a remarkable agreement among the results obtained through the
application of various approaches and formulae. Limiting depths calculated
from the magnetic picture have not been included in Table I, because this
requires a knowledge of the magnetic susceptibility contrast, a factor which, as
we shall see in the next section, could not be satisfactorily ascertained.

COMBINED ANALYSIS OF GRAVITY AND MAGNETIC ANOMALIES

Poisson’s relation between gravitational and magnetostatic potentials can
be developed into the following formula:

zZ =7—J—Mp[gz sin I+-g, coslcosD—i—gj, cos [ sinD]' .. .. (7)

Here Z = vertical magnetic anomaly, M = kT, k = susceptibility contrast
T = total terrestrial magnetic (inducing) field, 7 = dip and D = declination
of the ‘buried’ magnetic vector. The subscripts z, ¥ and 2z indicate first
derivatives in the north, east and downward directions. When the same body
gives rise to both gravity and magnetic anomalies, then, under certain
restrictions, equation (7) must hold good between the two anomalies at every
point. Relation (7) can be used to solve for the unknowns M/p, I and D by
suitably solving a number of equations corresponding to pairs of gravity and
magnetic observations taken at several (more than two) points. If the
values of I and D, so found, agree with those of the existing terrestrial field,
remanent magnetization may be considered to be non-existent. In such a
cage, a knowledge of 7' yields a value of k/p, the ratio of the susceptibility to
the density contrasts. This ratio is not a constant for a given rock type, but
varies between certain limits. Even so, in favourable cases, the ranges them-
selves may be sufficiently separated, so that the &/p value, obtained as above,
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becomes diagnostic of the rock type concealed by the sediments (Garland

1951).

An appreciable and systematic disagreement of the values of I and D
from the existing dip and declination indicates the presence of remanent
magnetization and the data, under such circumstances, may be used to deter-
mine the strength and the direction of the paleomagnetic field (Lundbak

1956).
TasrLe 11
Laboratory determination of kfp-values for rocks exposed
in the neighbourhood of Kharagpur area
. Excesst Range of
Rock ¢ Locatlgxt‘%r;d g}xc:is* susceptibi- kfpx 108 kfpx 108
ock type num el enmsy lity x 108 c.g.s. units for each
sampres gle c.g.s. units rock type
Rajmahal Barapaha- 0-67--0.75 659-3,240 983-4,320
Trap richak (5)
(Basalt)
Do. Naripa- 0-75-0-79 1,756-2,046 2,341-2,5%0 983-4,361
hari (5)
Do. Haripur 0-73-0-80 1,505-3,489 2,061-4,361
(5) .
Granite Sukjora 0-41-0-81 66-2,856 161-3,526
Gneiss (12)
Do. Becha +55-0-82 22-343 40-418 40-6,338
River
Section
(%)
Do. Danda 0-42-0-50 288-3,169 686-6,338
(6)
Granite Karcha 0-38-0-67 18-2,491 47-3,718
Hill (18) 47-3,718
Do. Joychandi 0-46-0-56 107-1,053 233-1,880
Pahar (8)
Quartzite Chandil 0:42-0.62 12-.58 28-93 28-93
(13)
Mica Tatanagar 0:62~0-67 18-404 29-603 29-603
Schists
Dalma Phadal. 0-72-0.90 75-102 104-113 104-113
Trap gora (6) -

* Country rock density = 2.2 c¢.g.s. units.
T Negligible country rock susceptibility.

Laboratory Determination of Density and Susceptibility

Samples of the rock types exposed in the neighbouring areas (vide Figure
1) were collected, and their densities and magnetic' susceptibilities were



HILLS NEAR KHARAGPUR (WEST BENGAL) 537

measured in the laboratory. A magnetic susceptibility bridge made by the
Geophysical Specialities Company of Minnesota was used for the susceptibility
determinations in an inducing field of the same order of magnitude as that of
the earth. The results are grouped in Table II.

Terrestrial Magnetic Elements

Declination (computed from topo-sheet No. 73N/7 of Survey of India
11933) = 0° 40"-F (1956 — 1933) X 0° 6’
= 2° 58’ west. ‘
Inclination (measured by a Hotchkiss superdip) = 30°
Total Magnetic Intensity (taken from Survey of India Record, Vol. XIX)
= 0-436 c.g.s. units. '

Residual and Derivative Maps

The residual gravity map could be easily prepared by the method of profile
smoothing, since the regional trend is readily discernible. For the magnetic
picture, however, the trend is not so apparent and recourse was taken to the
regional magnetic intensity maps published by the Survey of India (Thomas
and Bond 1925). Figure 8 shows the magnetic residual after the removal of a
background trend of 20 gammas per 1-6 km (1 mile) increasing northwards.
The vertical gradients of the gravity residual were computed by Evjen’s (1936)
method and the horizontal derivatives were computed directly from the map.

Computation of klp, I and D

Six stations with large anomaly values were sampled from the entire
area which, through equation (7), gave rise to six equations to solve for the
three unknowns. A least squares solution gave

D= —5° 25
I = 32° 36’
M/p = 23200 x 10-8 ¢.g.s. units.
For the value of 7 = 0-436 c.g.s. units, this gives
kfp = 53900107 ° c.g.s. units.

The agreement between these values of declination and dip with those mea-
sured is remarkable, and may be taken as a justification for using the value
0-436 c.g.s. units for the total magnetic field. This further signifies that the
magnetic field is wholly induced. The permanent magnetization, if any, is in
the direction of the present terrestrial field in this region, and so cannot be
and need not be differentiated from the former for the purpose in view.

In an alternative approach (Garland 1951), these declination and dip



538 A. ROY & R. 8. AGARWAL : GEOPHYSICAL EVIDENCE OF BURIED

w ‘ .
CONTOUR INTERY. X 2,
: \ %A {3125 x16%5% % ::l'rs QE.F:'F! b o,

i3 \ 3 ‘ e g e
7 ]
; H
\(! H
3

Fie. 9. Vertical magnetic anomaly (residual) map computed from the observed gravity (residual) anomaly.
In units of 6-25X 10-9 M/yp.

GAMMAS

-~
o
©

300

200

€25 X167 X M/rp UNITS —o

100

VERT. MAG, ANOMALY —»

0

~100 ‘ . N

4. A

KILOMETRES ——»
F1e.10. Computed and observed magnetic profile superimposed.



HILLS NEAR KHARAGPUR (WEST BENGAL) 539

values (—(5° 25'4-2° 58’)/ 222 —4° and 31° respectively) were substituted in
equation (7), and a complete magnetic anomaly map was computed from the
(observed) vertical and horizontal gravity gradients. The contour map of this
computed vertical magnetic anomaly in units of 6-25x 10”9 M /yp is reproduced
in Figure 9. One can hardly fail to notice the striking similarity of this map
with the observed magnetic residual contours of Figure 8 as regards the shape
and position of the major anomalies. This is, of course, as it should be. The
profiles along AB in both these maps have been plotted in Figure 10, where
the wvertical scale of the computed magnetic anomaly has been so adjusted as to
give the best possible fit between the two curves. Once more, the coincidence is
excellent, and would have been better still if the dashed curve could be hori-
zontally shifted to the left by about 0-15 kilometres. If one recalls that the
gravity values may be in error by as much as 0-7-0-8 mgals, the possibility
cannot be ruled out that such a shift of the gravity high could have actually
occurred if accurate elevation data were available. From Figure 10, it is seen
that, for the best fit,

400x10-5=2x625%10-% M/ vp
or

k/p = 48800 x 10~ c.g.5. units.

The discrepancy between the two computed k/p values is about 10 per cent
and not entirely unsatisfactory. The second value, viz. 48800x 107¢ c.g.s.
units, is, however, more dependable, as it comes out of a comparison of two
entire maps. The computed magnitude of %/p is thus 10 times higher than
most of the laboratory-measured values listed in Table II. This may indicate
a very high magnetite (and other ferro-magnesian minerals) content. '

" CoNcLUDING REMARKS

Whether the buried hills are made up of basalts or granitic basement
remains a debatable point. Not only has the k/p value come out to be very
high, but it also appears from Table 1I that the two rock types in this area
cannot be distinguished on the basis k/p-values. However, the chances of the
hills being constituted of basalt are higher because of the following evidence:

(1) the Standard Vacuum wells along the same peripheral region indicate
a much greater depth for the top of the basement;

(2) steep sided plateau hills are more common in basaltic than in granitic
terrain;

(3) Table II shows a higher and more consistent density value for Raj-
mahal traps;

and (4) the similarity of the measured and computed magnetic residuals
(Figures 8 and 9) demand a reasonably uniform k/p-value. In Table II, the
basalts (Rajmahal) appear to conform to this condition more closely.
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