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ABSTRACT

A magnetic survey with a station interval of 300 ft on an area of about three square miles
north of Waltair is deseribed and the results of analysis of more than three hundred observations
of the vertical component of the earth’s field are discussed. The data are plotted on a suitable
scale and the resulting isogram chart is used to correlate the observed changes in the vertical
component of the earth’s field with the variations in the geology of the area in which there are
many charnockite intrusions into the khondalites. Positive anomalies of the range of 600 to 700
gammas and negative anomalies of the range of —600 to — 1200 gammas were obtained over
charnockites depending on the concentration of ferromagnetic minerals and the disposition of
the beds with respect to the surrounding earth’s field. In addition the survey indicated the
probable presence, on the basis of magnetic data, of igneous intrusions like charnockites in the
north-eastern portion and to a greater extent in the north-western side of the area covered
where lateritic soil obscures the underlying formations. A magnetic anomaly of about 300
gammas over Visakhapatnam beach sands shows the concentration of magnetite and ilmenite in

the beach sands.
IxTRODUCTION

The objectives of this magneti(; survey may be classified into the following,
namely

(@) To investigate the possibility of the existence of a correlation between
the variations in the vertical component of the earth’s magnetic field, Az,
and the major geologic characteristics of an area in which basement complex
rocks like charnockites outcrop, to use the observed variations to distinguish
the rock types present and to define their areal distribution in areas where
they are overlain by thick deposits of soil or obscured. N

(b) To determine whether a correlation can be obtained, Wi!;h a minimum
of magnetic observations that is whether measurements of Az using an average
station interval of about 300 ft, sufficient to outline the major geologic and
geophysical characteristics, specially to outline the boundaries of charnockite
formations with the khondalites and leptynites. .

The geologichl importance of the area has long been recognized as com-
prising some of the oldest rock types of the Archean era. The area presents

different rock types with complex interrelationships. .
The present survey aims at the study of the distribution of the rock types

as revealed by their magnetic properties. The rocks are also being studied in
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the laboratory, which has both academic and economic interest. The survey
also aims at unravelling the hidden subsurface formations and the correlation
of the magnetic field with the known distribution of rocks.

Geology of the area surveyed.—There are five distinet rock types in addi-
tion to Recent and Post-Pleistocene formations, the geologic and magnetic
characteristics of which are summarized below:

The rock types are laterites, pegmatites, granites, charnockites (acid and
basic types) and the khondalites. A

Laterites.—They contain grains of magnetite and limonite. On the
surface a dark-black coating is invariably present. Freshly exposed portions
exhibit a mottled appearance and variegated sinuous bands and are softer
than the exposed parts. These beyond doubt represent, in situ, alteration
products, derived from khondalites which are rich in oxide of iron.

The gravel tract near the hills becomes finer in size and eventually assumes
the form of red sandy soil as it is followed to the plains. This sandy soil
occupies large depressed areas north and south of the Kailasa range. The
gubstratum being unquestionably the ferruginous khondalites must have
contributed its residual products of alteration to those accumulated by other
agencies of transportation. )

Khondalites.—These are usually light coloured, metamorphosed rocks.
On weathering they show brown colour due to leaching. These are jointed,
usually strike and dip joints being present. Important minerals present are
quartz, felspar, garnet, sillimanite, graphite, less commonly biotite and
hornblende. Besides these above-mentioned minerals ilmenite and magnetite
are constantly present as accessories.

Leptynites.—These are reconstituted khondalites occurring in close neigh-
bourhood of charnockites. They are bluish grey and granular in texture.
They contain quartz, felspar, garnet, magnetite, apatite and biotite.

Charnockites.—They are hypersthene granites occurring as lens-like masses.
There are acid as well as basic types of charnockites in this area ; hence the large
variations in magnetic anomalies on charnockites. The colour varies from
blue to bluish: grey. These rocks contain quartz, felspar, garnet, pyroxenes
and rarely amphiboles. The content of the garnet varies greatly and is
sometimes abundant. As accessories, biotite, ilmenite, magnetite and rutile
besides apatite are present. They occur concordantly with the strike of the
khondalites. ‘

Pegmatites.—Pegmatites are abundant in the region in'the proximity of
intrusives. They are coarse-grained with pink felspar, and quartz in graphic
intergrowth. Besides, they contain garnet, biotite, ilmenite and:pyroxenes.
Hence & small magnetic anomaly of plus 200 gammas is often obtained over
them,
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Black sands.—These are heavier than white sands and are composed of
magnetite, monazite and ilmenite. They are concentrated to a depth of 2 ft
near Pitapur hostels south of the University Campus. The magnetic ano-
malies of 300 gammas and above over the beach sands can thus be eagily
explained.

Plan and procedure of the survey.—The Present investigation comprises of
an area of about 3 square miles. The magnetometer used to measure the
vertical component of the earth’s field is of the Schmidt type made by Hilgar
and Watts. Observations were made, with a station interval of 300 ft, at
more than about 300 stations. A more detailed survey was made over a
charnockite quarry near-the Indian Oxygen Company Road with stations
spaced more closely, the results of which are shown in a profile in Fig. 3.

Corrections and reductions of field data.—(a) The first step in the reduetion
of field data is to convert the scale readings recorded in the field at the various
stations into vertical force values in the units of gammas. Although the scale
constant of the magnetometer is given by the manufacturers, it is desirable to
recalibrate it. Calibration of the magnetometer was carried out by the well-
known method of auxiliary magnets as. a result of which 35 gammas per
scale division was adopted as the scale constant.

(b) Auxiliary magnet correction.—Wherever an auxiliary magnet was
changed at any particular station to bring the scale to the field of view, an
observation was made in the changed position at the previous station by
proceeding backwards and the difference in readings between the changed
position and the original position at the previous station was used as a
correction for the extra field produced at the station at which change of magnet
was necesgitated.

(c) The magnet system of the Watts magnetometer is temperature
compensated although a small correction factor of —0-5 gamma per degree
centigrade rise in temperature is given for accurate detailed surveys. How-
ever, on account of the use of auxiliary magnets in the survey, a correction
term of decrease in the field by 3 gammas per degree centigrade rise in tem-
perature, as determined to be the correction factor by previous workers ‘in
the department’, was adopted for temperature correction (Rao 1958).

(d) Diwrnal correction.—This is made by taking base station readings at
the beginning and end of the fday’s work and distributing this variation in
base readings due to diurnal variation over the period of time of observation.

() Regional correction.—Regional correction as determined from tables
and maps published by the Carnegie Institute of Washington based on mag-
netic data recorded by various observatories distributed all over the world is
25 gammas per mile in the north-south direction and 1 gamma per mi{e in

" the east-west direction (Rao 1958). Although this is large in the N-S direc-
tion this correction was small compared to the order of variations in the
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anomalies over the area and was not applied in view of the small area surveyed.
However, a dotted curve of the expected regional is shown in the profile
(in Fig. 2) indicating the possible expected regional value by the method of
smoothing, as an aid in evaluating the major anomalies near Peda Waltair
where there are no surface indications.

(f) Magnetic anomalies.—The anomalies at the stations are obtained by
summing up algebraically the observed value of the vertical relative intensity
at the station and all the corrections mentioned above and calculating the
difference between this sum and the one for the base. All positive remainders
are designated as the positive anomalies with respect to the base, while nega-
tive remainders are called negative anomalies. These anomalies represent
the irregularities in the horizontally homogeneous magnetization of the earth’s
crust which are explained in terms of the probable distribution of magnetic
material based on geological conditions.

The exact location of all stations are chosen carefully to avoid extraneous
magnetic effects which might be introduced by making measurements near
power lines, etc. The area surveyed lies between latitudes 17° 42’ 40" and 17°
44’ 40" North and longitudes 83° 20’ 51" and 83° 17’ 30" East. The area in
Chinna Waltair and part of the University Campus could not be covered
due to buildings, etc.

Magnetic studies and their interprefations.—Magnetic anomalies can be
attributed to variations in magnetic polarization. Polarization refers to the
strength of the magnetic field present and is the sum of the induced polari-
zation due to the present field of the earth and permanent polarization inherent
in the material and varies with the magnetic susceptibility of the various
rocks. As the magnetic polarization of sediments is very weak compared to
that of igneous rocks the magnetic anomalies in general reflect the variations
in the magnetic susceptibility of igneous rocks. Exceptionally high values
represent rocks with extraordinary concentrations of minerals of high mag-
netic susceptibility, such as magnetite and ilmenite.

The base station for the survey was established within the University
Campus near the Geophysics Department itself. It is seen that the base is
free from intrusive rocks. Magnetic anomalies of all the stations have been
calculated with respect to this base.

The observed values of the vertical intensity are plotted in Fig. 2 and
contoured using 100 gamma interval. In order to compare the magnetic
and geologic characteristics of the region a geological map is shown in
Fig. 1. :

A glance at the isogram map shows that the zero contour passing from
east to west broadly divides the area intp two parts, the lower part of the
area, that is the southern part, being characterized by positive anomalies and
the northern part being characterized by negative anomalies. As will be seen
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later this may also be one of the reasons for obtaining high positive and nega-
tive anomalies over the charnockite intrusions.

The comparative geologic and magnetic north-south cross-section of
Figs. 3 and 4 show the major changes in vertical intensity in relation to the
geologic characteristics of the area.

In Fig. 3 a negative anomaly of —1100 gammas is obtained exactly over
the charnockite and the anomaly decreases to about —150 gammas on both
sides of charnockite mass when a charnockite intrusion is crossed in a very
detailed- survey over it. This demonstrates that the changes in Az are
caused primarily by differences in susceptibilities between -the khondalites
and charnockite intrusives.

In Fig. 4 the magnetic profile along a traverse north-south near Peda
Waltair shows changes in magnetic values associated with lateral variations in
lithology. An anomaly of over 600 gammas is obtained over the charnockjte,
the anomaly dropping to —50 gammas over the neighbouring khondalite,
which is due to the difference in the magnetic susceptibility value between the
khondalite and the charnockite intrusive. Assuming the regional indicated
in the figure the minor variations in anomalies of 100 to 200 gammas obtained
as we proceed towards north may be due to variations in the thickness of the
lateritic deposit over subsoil, khondalite. The vertical intensity anomaly of
about —850 gammas obtained above the regional value shown in the figure is
possibly due to an igneous intrusion like the charnockite.

Vertical intensity anomaly of 300 gammas has been obtained over the
black sands of the beach. This is due to the high ilmenite and magnetite
content of the beach sands.

The base station is marked as ‘B’ in the contour map in Fig. 2. The
passing of zero contour near the base, the small gradients of vertical intensity
anomalies and the absence of marked anomalies around the base indicate that -
- the area is free from charnockite intrusions. Vertical intensities of the order

of 100 to 200 gammas are due to the varying thickness of the ferruginous red
soil over the khondalite formations.

A positive anomaly of 700 gammas has been obtained over lenses of basic
charnockites near Kirlampudi hostels and 600 gammas over the basic charnock-
ites near Peda Waltair, the variations being due to changes in the amount of
magnetite and ferromagnetic mineral content in the rocks. The vertical
intensity anomaly of 500 gammas observed near the Waltair Club may be due
to acid type of charnockite intrusion there. Negative anomalies of —600 to
1200 gammas have been observed over intrusions of charnockite near Sitam-
mapeta and Rasapudipalem. The isograms in this region have a predomina-
ting east-west trend and a rather steep gradient which is most pronounced on
the southern side. This trend indicates that the strike direction of charnock-

. ites here is possibly nearly east-west which is in conformity with the
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information available on the surface geology of the area (Rao 1947). The
steep gradient shows the sharp contrast in susceptibility between the country
rock khondalites and the igneous intrusion charnockite. Thus from the
field study of the magnetic characteristics by survey over charnockite out-
crops it has been observed that a positive anomaly of 600 gammas and nega-
tive anomaly of ~1200 gammas exists over the charnockites and that these
charnockites have comparatively a high susceptibility. The high negative
anomalies may be either due to the reversal of the permanent magnetism of
the rock or due to the nature of the surrounding earth’s field (Slichter 1929).
Again from the observation of the contour map it is felt that the negative
anomalies may be due to the latter cause. The fact that they occur as sills in
concordance with the strike of khondalites also supports the latter view
{Rao 1947; Heiland 1946).

High negative anomalies with an extreme value of —1500 gammas with
steep magnetic gradient have been observed between Tatichetlapalem and
Chennuru with the trend of the isogram nearly east-north-east to west-
south-west. This is similar to that observed in Sithammapeta. These
anomalies may be caused by basic segregations in the charnockite or lenses of
charnockite having a higher magnetite content than that prevailing for the
most part in charnockites. Because of the presence of soil cover and lateritic
deposits the exact cause cannot be determined without resorting to some
direct method such as drilling. However probable causes may be limited to
several possibilities on the basis of the geologic characteristics of the adjoining
areas. Lower anomaly contours are enclosed by the higher anomaly contours
obtained over some areas and this may be due to the concentration of ferro-
magnetic minerals at the contacts of the formations. Negative anomalies of
the order of —600 to —700 obtained at the base of the hill are due to the
thick lateritic deposits and gravel stretching along the hill range which contain
grains of magnetite and limonite. Negative anomalies of —1100 gammas and
'—1000 gammas obtained near Venkojipalem on the north-eastern corner of
the map may be due to igneous intrusions like, charnockite into khondalite
the exact cause of which is not known and can be known only by drilling.
Though still more detailed survey is desirable over this anomalous zone it could
not be carried out on account of inaccessibility of the place for such a survey
due to the presence of numerous huts and buildings close by in this village.

CoNCcLUSIONS

In conclusion the results of the survey may be summed up:

1. A well-defined correlation exists for the most part between changes in
the vertical component of the earth’s field and lithologic changes in the area.

2. A broad correlation between magnetic and geologic characteristics in
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this detailed survey has been obtained especially over intrusive charnockites in
that high positive and negative anomalies have been obtained over them.

3. Az measurements with the station spacing, such as used in this
survey, are sufficient to indicate the lithologic subunits when sufficient contrast
in susceptibility exists between the formations.

4. Concentrates of ilmenite and magnetite in the beach sands of Visa-
khapatnam are indicated by the moderately high magnetic anomalies.
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