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Mysore platesu forms one of the oldest terrains of the
Peninsular India. It consists largely of Archaean gneissose
and achistose rocks with a variety of associsted intrusive
rocks, Besides, the Dharwar schists, the other rock formations
in this region are bended ferruginous quartzite, metabasalts and
some patches of ultramafics., Prevalent types of dyke rocks,
encountered in the plateau, are of epidiorite, dolerite,
quartz-dolerite and odvine-dolerite, The grade of metamorphism
of the Dharwar schistose rocks generally increases from north
t© south in the region.

The Dharwar iron ore bearing formations of Karnataka
constitute one of the important tectonic sub-divisions of
paninsular India, In the iron ore province several synclinal
strips of gneisses and schists are conspicuous by their strike
directien which varies from MW-35X to NNE-S3W, Deformation
sccompanied by uplift of the Dharwar sediments hy tectonie
forces, dominantly directed from sast and west, not only resulted



in the formation of several NH-5 trending folded belts, but

also it has cross-folded older rocks in adjacent belts occurring
to the north and south of the area., 7The Closepet granite forms
a N-5 trending linear belt between Chitaldurg schist belt in the
north and the Kolar schist belt in the south.

Apart from obtaining geological data relevant to this topic,
detailed gravity and magnetic investigations agxe carried out by
the author in Karmatska in an attempt to collect sonwe fregh
data in oxrder to interpret usefully the broad structural pattern
and composition of the crust, and also to throw some new light
on the configuration and inter-relationship between the
indivicdual supracrustal rock units, Data collected in the field
are pregented in the form of gravity nmaps and gravity-cum-
magnetic profiles, An attempt is made to correlate the data
obtained from these gravity and magnetic investigations with
other relevant geophysical and geological data collected by

earlier workers. Through this work, an effort is made to
elucidate the sub-gurface geclogy and composition of the platsau,

The subject matter of the work has been dealt with in
such a wvay as to include in the beginning of this work a
concise account of the geclogy and tectonic framework of the
area, including a synthesis of different views eupressed by the
previous wvorkers. The methods used in gecphysicel investigations
of the terrain and the procedures adopted for the seduction and
smalyais of the data collected are presanted. The free-air,



Bouguer, and isostatic (Alry-Heiskanen, Tw30 km) gravity anomaly
maps of the gtudy area are prepared, and the results of the
qualitative analysis of these naps are presanted, A critical
analysis of the gravit: and ragnetic measuremants slong the three
carefully selected east-west profiles taken along three different
latitudes and nlso a northwest-southeast profile cutting across
the three latitudinal profilcs in this region provide useful
informations in respect of the subpurface causative bodiea,
Correlation of scaoe of the observed geophysical anomalies with
metamorphism and tectonic set-up of the predominent rock types
has also been attempted, Results obtained from the present
investigations are compared and contrasted with other availeble
gecphysical and geological data, Interpretation of the
integrated results so obtained from the present investigation

of the platesu, has led to solve several debatadble problems
relating to charnockitisation of gneisaes sand schists at depth,
and the inter~-relationship batwesn gnoisses, schists and

granites,
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Chapter I

INTRODUCT ION

location and Accessibilitv

The Mysore Plateau occupies a large portion of the Mysore
province, now called Karnataka State. The area of the State
is nearly 0.15 million aq. km. It occupies the south-western
portion of the Indian Peningular shield between latitudes 12°
and 16°N and longitudes 74° to 76° east (rig. 1). The plateau
area under study, except for the narrow coast bordering the
Arabian Sea on thoe west, forms an elevated tableland with an
average alevation of 750 metres above the m.s.l. Cenarully
the plateau ia borxrdered on the west and east by ateep hill ranges
and scarps. Its western murgin which ias particularly conspicucus
by its continuity of high reliief, is known as the western Chats,
The plateau and its precipitous western hill ranges are some of
the characteristic physiographic featureas of the Indian Peninsula.
The hill ranges bordering the eastern murgin of the plateau
neither have much topographic contrast nor are they as lofty
as those in the wast. The fsatureless flat portion of the
plateau (majdan) has an intersecting system of well-laid cross
country roads and railways. Accassibility to the region is
fairly good.

x



Physiography and Climate

Based on the physiographic features and climatic conditions,
Mysore has doen clascified intc three well-marked natural
divisions -~ the coastal plain, the Malnad and the Maidan -~ each
having its distinctive features,

Coagtal Plaing starting from the Arabian Sea ccast on the

wast, the coaatal ploin stretches castwards for a distance of
about 250 km aslong the coast with a varying width of 30 to 50 km
to the foot of the western ghatas. “he higheat elevation on this
plain seldon exceeds 100 to 120 metrea above m.s.l, The region
has beon under the influence of south-west monsoon, mostly during
the four months from June to September. Its avarage annual
rainfall is 300 to 325 cms.

Malnad + Halnad or the mountainous country which forms a 30 to
40 km wide belt bordering the plateau on its wastern gide, is

a forest clad region of spectacular mountain scenery. The rain
fall in the diversified Malnad is incessant as well as heavy,
moatly during the monsoon season. Over the ghats and its
imnediate eastern slopes the annual rain fall varies from

500 to 750 centimetres but further eastwards it diminishes
rapidly.

Maidan: The Maidan forms the greater portion of the state and
lies to the east of Malnad. It is an undulating and featureless
country with an average elevation of about 1,000 metres above the



m.s.l. Here the average rainfall geldom exceeds 75 to 85 cm per
year and in sane of the drier districts it is even lesa.

The Karnataka State forms a major part of the craton which
'occupios the south-western portion of the peninsular shield. It is
considered to be one of the three protocontinental nucleii around
which the shield is developed (Nagvi ot al.,1974). The craton,where
a series of ancient igneous and metamorphic peninsular rocks as
well as gome younger sedimentary rocks are represented, had been
repeatedly subjected to several apisodes of orogenic movements that
led to the formation of the western ghats, In spite of its great
age and continucus erosion and rass-wasting throughout most of the
past geological periods, the terraoin has been able to retain a sig-
nificant patt of ths representative Precambrian formations.

Previous work

Several earlier workers like Foote (1868), smeeth (1916),
Rama Rao (1940), Pichamuthu (1967), Radhakrishna (1956, 1976),
Nautiyal (1966), Srinivasan ancd Srinivas (1974) mads valuable
contributions to the stratigraphy, structure, geomorphology,
petrography, economic geology, etc,, of the area. Some work has
also been done on geochronological aspects of the Precambrian
formations of Mysore by Vinogradov at al.(1964), Aswathanarayana
(196. ), sarkar (1968), Crawford (1969) and Venkatasubramaniam
et a). (1971). Geochemical aspects of some of the Precambrian
rocks of Mysore has been the subject matter of study by Naqvi et al.

and
(1972),/Divakara Rac et a}l. (1975).



As a part of the Upper Mantle Project, integrated geological,
gecchamical and geophysical atudies were carried out along the
14th parallel in Mysore by the National Geophysical Research
Ingtitute (Guseshy et al., 1967). A multidisciplinary approach
was made by Nagvi (1973) to study the structure and tectonics
of central part of the Chitaldurga belt of the Karnatoka craton.
Ceochemical studies of the Precambrian rock formations £rom this
region (Nagvi et al,, 1972) have led to an understanding of the
Precambrian crustal evolution and the composition of the primary
crust of the Peninsular India. A broad based attempt to describe
the protocontinental growth of the Indian shield was made by
Naqvi et al, (2974) on the basis of & genoral review of the rasults
of different disciplines on earth aclences.

@ of 1) tiqati

Apart from some geological studies relevant to this topic,
detailed gravity and magnetic investigations have been carried
out by the suthor in Karnetuka in an attempt to interpret the
broad structural pattern and compoaiticn of the crust and also
to throw some light on the configurations and inter-relationships
betwesn the individual supracrustal rock units, Data collected
in the field is presented in the form of gravity mapes and gravity-
cunm-magnetic profiles. An attempt has been made to correlate
the data obtained from these gravity and magnetic investigations
with the othexr available geophysical and geological data. Through



this work, efforts have been mace to elucidate the sub-surface
composition and geology of the platesu,

It is cbvious that several good attempts by some earlier
workers have been made jointly as well as independently during
the last 10 years or so to throw some valuable light on the
tectonics, straticraphy, composition of parts of the Precumbrian
rocks of Karnataka, largely on thea basis of geclogical and
geochemical studios. The current trend of investigation is
towards an understancing of the crustal evolution of the Indian
Shield and its growth from o protocontinental unit, But for
building up any ingenuous concept of such topics of fundamontal
nature, no serious conpsideration was ¢given in the past to ceollect
geophysical data relovant to sube-surface geologicsl studies of
the Karnataka region,

Therefore, the main considerution behind the present
investigation has bean to advance our knowledge of the geology
of the crust and subcrust of the Karnataka region through
geological stwiies based on geophysical investigation systematically.

Pregentation of work

The subject matter of the work has been dsalt with in 6
chapters. location, climate, broad physiographic features and
the previous work, etc., are included in Chapter I.

In Chapter II geclogy and tectonic framework of the ares is
pragsented briefly.



Chapter III describes the methods by which geophyaical
investigations were carried out and the procedures adopted for
the reduction and anaslysis of the data collected. (This also
includes measuremants of soma physical paramaters of rock samples
collected during £ield work), The chapter consists of 3 gectionss
Section 1 describes briefly the manncr in which gruvity and
magnetic data were collected and reduced., In section II, the
fres-air,Bouguer and iscstatic (Adry-Heiskanen, T=30 km) gravity
anomaly mapa are described, and the rosults of the qualitative
analysis of these maps are presented. Section III doals with
the analysis of the gravity and magnetic data along thrce ecaste
west profiles und o Ni-SE profile occross the Karnntaka region,
Also included in this gection is the correlation of some observed
gaophysical anomalico with metamorphic and tectonic set-up of

the Mysore xocks.

In chaptar IV, results abtained during the pressent investiga-
tions are correlated with same other geophysical and geological
data collected by earlierr workers.

Probable interpretation of the results followed by a

discussion is the main subject matter of Chapter V.

Chapter VI includes summary of the work and the conclusions
arrived at Quring the present investigations,
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widespread volcanic activity in India during the Rocens-
Cretacecus times caused the spread of Deccan lavas over a vast
area in parts of south and central India, The plateau remained
a land mass ofter the Epi-protaroczoic era and underwent steady
denmundation with occagsional epirogenic uplifts. The prough
superstructure of the meta-gsedimenta and the meta-volcandcs,
which largely constituted the Mysore plateau at one timo, was
subseguently deeply erovded leaving several narrow balts of the

ancient rocks,

thol a gtrati

The greater part of the Myspore plateauv consiots rainly of
the Archaean complex -~ the oldest rociis of the earth's crust
(Text Fig.2). A comprehenaive account of the Archaecn geology
has besn given by Pascoe (1950), Pichamuthu (1967) and Krishnan
(1968). There are similar other occurrences of the Precambrian
rocks in Rajaasthan, Bihar, Madhya Pradesh, but the lithology
of the Mysore area is soinewhat distinct and different from those
of other areads. The Archean succession of Mysore was first
described by Smeeth (1916). This has since besn revised by
Rama Rec (1962), Nautiyal (1966), Pichamuthu (1967) and
Radhakrishna (1976) as given in Table (I,la). The classification
proposed by Nautiyal (1967) is baesed on the tectonic enviromments
of the various units and ¢rade of metamorphism, In Hautiyal's
classification the tectonic ond metamorphic cycles are correlated
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with the stratigraphic succession. The Precambrian formations
are divided into Archean, Proterozoic and Epi-protercozoic, The
Archeans consist of three units {A) primordial or buscment
rocks, (B) the crystalline complexes, and (C) the highly oeta-
morphosed schists ond younger migmatites,

The portion of shicld £3lling in this area consists nostly
of migaatigsed gnolsses, granitea, several older greenatone
balts like Holenarsipur, Kolar, Sargur, Nuggihalli belts and
younger schist belts such as shimo¢a and Chitaldurg. %ho
greenstone belts of Kolar, Holenarsipur and the younger schist
bolts consist mostly of metasedimonts and metavolcanices. They
are also asgociated at some places with banded hematite
quartzites and crystalline limesgtones.

Holenarsipur gchist belt

The Holenarsipur schict belt of tho Dharwar super ¢group is
considered to be a true greenstone belt. The balt, that covers
an area of 150 sq. Jm south of Hassan is comp sed of chlorite-
schists, tremolite-actinolite schists, hornblende-schists, etc.,
in sddition to some netasedimentary formations (Quartzites,
banded magnetite-cuartzite), mafic and ultramafic rocks (dunites
peridotites) and younger intrusives (dolerite dykes and
pegnatites). Adjoining the schist belt is the peninsular
gneiss.
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Kolar schist belt

The Kolar schist belt, the easternmost in the type areo
of the Dharwar systen, consists mostly of motavolcanics. It
trends northesouth and extends for nearly 60 to 70 km, with a
maxioum width of 6 to 7 km., A wido band of highly sheared
‘champion ¢noiss' geporates the basal greywachkoes from the
narrow band of schists, hornblende«granulitos, amphibolites
(mono-mineralic) and surrounded by the vast granitie and
gneissic terrain. somc of tho guartz reefs intruding into tho
schist belt contain ¢old and form ono of tho major payable
gold lodes of India. Therc are also some narrow discontinuous
bands of ferruginous qQuartzites on the wost and a gone of

conglamarates on tho cast of the schiat belt,

Iluggihalll scl:iist belt

The tuggihali schist belt in lagsan district cxtends over
a length of nearly 50 km in NNW-SSE direction with an average
width of one km. This belt consigts mostly of amphibolites,
quartzites and micaceous schists. Ultramafic rocks (pyroxenite)
occur as lenticular bodies in parts of the belt. They are
altered to talc-schists at places. The ultramafic rocks in
this belt, which occasionally host chromite deposits, are supposed
to be situated on a mantle tapping fisure (Pichamuthu, 1974).
Cneissaes and gneissic granites are exposed on either side of
the belt.
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chitradurgs schist belt

The Chitradurga aschist belt in the northern part of
Karnataks consists of tightly folded gneisses, actinolite-
chlorite~quartz schists, Talya conglomerates, phyllites, magnetite -
quartszites, greywacke, a volcanic suite (Jogimardi traps),
pyritiferous cherts, granodiorite and granites. The granites
ugually occupy the anticlinal fold axes,

Shimoga_schist belt

The ghimoga gchist belt occupies tha wastern limit of the
Dharwar anticlinorium. In this bslt, tale, chlorite, biotite
and hornblende schists occur within the gneisses trending
HNE-SSW. These rocks are associated with quartsites, quartes
schists, gronites and some intrusives. The schist belts of
Shimoga and Chitaldurga extend towards Goa and Bijapur for a
distance of about 160 km (Iyengar, 1971).

Majop Rock Oroups:

The older granite-greenstone terrains, exposed over a large
part of Karnataka, 1s a complex of banded gneisses, granitic
gneisses and granites, within which the Dharwar schists occur,
Anong these, the genaral trend of psninsular gneiss is in the
N-S direction and the area occupied by them 43 nearly 50,0008q. km.
The other rock formations in this area are hornblende-schists,
chlorite-schists, qQuartz-talc-schists, banded ferruginous
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gyartzites, meta-basalts and gsome patches of ultramafics.

The schist belts and the associated granitoids of non-
charnockitic region constitute the granite-greenstone complex
of the region. The achist belts consist of metavolcanics and
asgociated metasediments of Dharwar super group. 7The associated
granitoids are ropresented by Champion and Peninsular gnelsses
and Closepet granites., according to lagvi, et al., (1974), the
Dharwar schist belts and thoir squivalents, except the Kolar
schist belt, are not typical greenstone belts, but representative
of a transitional erxa of rapid transformation from gimatic to
sialic crust, 7Two distinct types of greenstone beltsg in the
Karnataka craton, known as o Keewatin type and nﬁawar type are
recognised (see Ramakrishnan et al,, 1976),

(a) Reewatin type - These are mainly volcanic belts with pre~
doninent mafic to adesitic volcanics, subordinate acid volcanics,
ultramafites, graphitic and sulphidic schists, iron stones, cherts
and immature sediments. Rocks occurring in the Kolar and Hutti
gold field areas belong to this type like wackes and polymict
conglonerates. These are in many respects similar to the other
occurrences of greenstone belts of the world, sxcept the absence
of a Gominent ultramafic unit at ths bass,

(b) Dharwar type - Thess are predominantly volcano-sedimentary
belts with sediments similar to shaliow water shelf facles at the
base. Chitradurga, Shimoga, Holenarsipur, Babaudan belts are
some examples that belong to this type.
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Hich grade volcano-matasedimentury rocks, occurring as
isolated linear bands in the gneissic complex, are taermed as high
grade schista, The contact between the gneissic complex and
the high grade schists is diffused and concordant (Ramakrishnan,
et 8l.. 1976)., They are largely migmatised schist belts.
gargur and Sakarsanahalli and the encooves in the Closepet
granites belong to this cotegory.

Tectonic setting of the area

The regional structure and tectonic setting of the Pre-
cambrian rocks of south Indiae has been & subject of great interest.
These rocks which are widely distributed in Feninsulor Indio,
broudly include Peninsular gnalésaa ond granites, Charnockito
asuite, Khondalite suite, Dharwar belts, Closepet type ¢granites,
Cuddapeh and related formations, Kurnool and related formuti .no,
1rap flows and ailts and numerous ultrabasic-Anorthogsitice
Carbonatite complexes (Narayanaswami, 1970, Pig. 1l).

Some of the earlier workers (Smeeth, 1916; Rama Rao,
1940) Dbelisved the Dharwars to be the oldest among the
Azchaean rocks of India and the Peninsular g¢gneisses and
granites were considered as intrusives in tha Dhaxwar. However,
workers like Bruae Foote (1888) visuAlised that the Peninsular
gneisses and granites formed a basement for the Dharwarian rocks.
The Khondalites ware considered as eguivalent to Dharwars
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arnci the Charnockites as intrusives in them (Holland, 1500). All
those rocks mentioned above, were succeeded, after tho great
eparchasan unconfority, by the Cuddapaha, #¥urnools and their
aquivalents. The Peninsular gneisses and granites, Charnckites,
Champion Cneisses of lysore, Closepet ¢ranites, Ultramafic and
alkaline rocks and the basic sills and dykes are considered

to be emplaced ac intrusive rocks in the Peningular India. 7he
controversy about the stratigraphic relationship betwean the
Peninsular gneisges and schists has been sumnarigsed by Radhakrishno
(1974),who considered the Peninsular ¢gneisses as the bascment
over which Dhorwar sodiments were deposited.

llarayanaswami (1970) proposed tho following threo-fold

division for the Precambrisn systems of south India, based on
litho-atratigraphic assemblages, geosynclinal associations,
structural setting and tectonic patterns: (1) The charnokite-
xhondualite aystem of the Eastern Chats of AnGhra Pradesh, Orissa,
Madras, Southern Mysore and Kerala, (2) the Dharwar system of
Mysore, ané (3) the Cuddapah-Kurnool, Kaladgi basin anc¢ Bhima
valley. The salient structural and tectonic features of these
systems,which fall within the study area, are presented below

in brief.

1. Charnockite-~khondalite system

‘the rocks beslonging to this system are exposed in parts of
southern Karnataka and include acid charnockites, intermediate
gneisses and charnockites, basic arxi ultrabasic charnockites.
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These rock groups axhibit atleast two distinct phases of folding
movement, The fold system formed during the earlier of the two
phases shows a general HE«~SW axial trend while in tho later
phase crossfolds developed having their axial trends striking
NNW-8SE, N-8 and NNE-SSW (Narayonaswami, 1970, Fig. 1).

2. phagwar system

The Dharwar rocks in Karnotoka are disposed along two
main belts:s

a) Goa-Dharwar-sghinoga belt, and

b) cGadog~Chitaldurg-Chicknayakanhalli-Mysore belt.

In between thoso two main schist belts, there are mumercus
sub-parallel detached belts occurring at Kolar, Kadiri, Ramagiri,
Ponner-Hagari, Copper lountain, Sanf@ur, Hungund, Maski-Hutti,
rurnool-Gadwal, Halgonda and other places. The Dharwars are
composed of an alternating sequence of mota-sedimenta consisting
of quartzites, quartz muscovite-achists, muscovite~gchists,
conglomerates (more than one horizon), gritty graywacke phyllites
and schists, chloritic phyilztas and schists, sericitic phyllites
and schists, shales and silts, with three or more horiz ns of
banded ferruginous cherts and quartgzites. The lowermost horison
is camposed of magnetite~grunerite-quartz schist, the middle
horizon of pyritic cherts and quartgites, and the upper one of
hematitic cherta, jaspers and quartsitas.

In addition to the above main sequence of formations, some
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of the detached scl ist belts in Southern Mysore (Holenarsipur,
Muggihalli, Nanjangud and others) are associated with meta-
ultrabasic rocks like serpentinites {(meta~dunites) and tale-
chlorite~tremolite-actinolite schists (metapyroxenites) carrying
veins and seggregations of chromite and titanifercus magnetite,
The Dharwars have been folded into steeply overturncd north-
plugging isoclinal synclines with their axial trends directed
NW-SSE, N-S and [HiE~-85W. She Dherwar folding moverent had
affected the roclh formations to the south and east resulting in
the arcuate awerves in the charnockite«khondalite belts of the
Eastern Ghats and ladras-Kerala-gouth Mysore about a N-5 axis.
The synclinal belts of the Dharwars are made complicated by a
series of NU-SE trending dextral cross-£folds plunging to the W,
as at Gadag, Chitradurga, shimoga, Kolar, Coorg and tynad, They
are interspersed by -3 to INNW-8SW trending aindistral cross-folds
with SSW plunge in & few places as for example at Kolar, Ramagiri,
Sandur, Copper mountain, Hutti and other places.

The peninsular gneisses, which form a part of the province,
constitute a broad south plunging geanticlinal upwarp. The axis
of the geanticline trends Nw-SE and passes through the synclinal
belts of Dharwars in Karnataka which constitute a8 major north
plunging synclinorium on the western side of the anticlinorium,
Towards the axial zone of the go;nticlino occur narrow detached
schist belts of Kolar. The parallel N-S8 to NNW-SSE trending
ranges of Closepst granites, localised along anticlinal folds,

are concentrated towards the axial zone of the geanticline.
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Anotlier tectonic pattern of interast is the series NE-SW trending
en echelon shear-zones within the charnockite~-khondalite belts
of Bastern Ghats, Madras, Kerala and Southern Mysore, which are
responsible for the uplift of the Charnockite hill masses. These
shear-zgones as woll as the [E-SW culminations and depressions

are considered to be doepseated crugtol features which bear some
relationship to the upper mantle. The magmatic cycles assoclated
with the ¢geosynclinal developmant, orogensses of the charnockite
khondalite systen and the Dhaxwar system are manifestations of
the upper mantlo in this part of tho shield. The magmatic

cycles are clossificd ag follows: (1) Palingenetic migmatisation
in charnockite-khondalite system resulting in the development

of different charnockite suits, (2) amphibolites, hornblende-
achigta and greenstones fomed by metanicrphdsn of bosic volcanic
effusives in Dharwar geosyncline, (3) syntectonic (tectogenetype)
ultramafic injections, dunites, periodotites and pyroxenites

in Dharwar geceyncline, (4) acid (plagioclase~-rich) adamellite-
granites associated with the early palingenetic migmatisation of
peninsular gneisses anc Dharwar achigts into hornblende.-

biotite gneiss migmatites, (5) acid alaskitic (microcline bearing)
Closepst granite intrusives along N-S to NNW-S8SE anticlinal folds
occurring between synclinal belts of the Dharwars and (6) basic
trap flows and dolerite dyke network and kimberlite pipe rocks
associeted with the peninsular gneiss basement complex and
Dharwar schist belts.
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Apart fron the mafic and ultramafic suites listed above
associated with the geosynclinal development and orogenesis
of the precambrian systens, there are post~tectonic mafic,
ultramafic, anorthosite, alkaline and carbonatite intrusives in
tectonically weak zones within the South Indian Shield and
noteworthy among these being ultromafic, anorthosite, alkaline
and carbonatite complexes in the margins of chornockite beits
along the Eastern Ghats ond Madras. Emenko ot al. (1968 and
1969) and ilarayanaswami (1970) have postulated deepseated faults
along the charnockite terrain of Madras and tho Eastern Ghats,
llaxayanaswami (1970} inferred thot the UE-SW shear-zones in the
charnockite terrain has been pegsponasible for the uplift of the
Eastern Ghats and the Charnotkite hill maases in lladras, Kerala,
S. Mysore, The NE-S5VW culminations and depressions ecross the
PFeninsula in Mysore und Andhra Pradesh, as well as the emplacement
of ultramafic-anorthosite-alkaline-carbonatite complexes along

the NE-8W shear-sones are deep-seated tectonic features,

Several isoluted nasses of granite exist within the green-
stone belts of ghimoga and Chitaldurga, which were considered
intrusive into the schist belts and were regarded as mantle
gneiss domes (Pichamuthu, 1974). The domal masses are immediately
overlain by gritty chloritic schists, reconstituted granites,
and polymict conglomerates of the greenstons-granite sequence.
Most Of these domes are probably pre-existent bagsement highs,
unpoofed during the greenstone cycle, or uplifted due to siaslic
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underplating to maintain isostasy (Ramakrishnan etal., 1976).
From these field relationships betwesn the Dharwar type green-
stone belts and the gnedssic complex it hegs been inferred by
ther: that the laetter formed the rigid bagerent to greenstone
depositional cycle. They further concluded f£ron studics made

_ of high grade schists of sakarsanahinlli near Kolar schist
belt and Kolar, that tho Keler belt was evolved after the
pantectogenesis but involved in a milder thermal event.

Pichamuthu (1978) classificd the granites and gneisases of
Karnataka based on different tectonic conditions as (1) an
early basement consisting of peninsular gnelsa, (2) nmassive and
hichly foliated granites derived by local melting of the basement
and (3) post-orogenic granites intruding the schists and
¢gneisses, termed as younger granites,

Numerous basic dykes occur in and around the northern part
of the Nuggihalli schist belt. The dykes extend in predominantly
two trends NW and NE and these vary in thickness from 20 to
60 £t and extend for about a kilometer.

The dyhes which are intrusive into the Precambrian meta-
bagalts at Chitaldurg differ in their composition as well as in
age (Naqvi et al,, 1972).

study of ultramafic rocks form one of the important methods
for knowing the mantle material. Serpentinised ultramafic
rocks like peariodotite, Adunites, occur along a length of 320 km
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with gneisses, granites, metasediments and metavolcanics of
the Dharwar system, These ultramafics might have besn meta-
morphosad and granitised to form the vast surrocunding gneissic
terrain (Divakar Raoc, et al., 1974). The dunites might belong
to the misging greenstone sequence (Naqvi et al., 1974) and
they are considered to be older than the gnedssea.

Mafjor Rock Types and their Consgtituerits

Brief megascopic description of the common rock types,
collected in the course of taking traverses along the different
profiles, are presented as follows. These rock types were also
uged for detemining their densities in the laboratory.

1. Cranites
The granites and the granitic rocks which are abundaent in

the area, show pink to grey colour ond are broadly identified

a® biotite grunite, granitoid ¢gneiss and tonalite. They are
medium to course grained rocks, sometimes having gneissose
structures particularly developed in the granite-gneisses. They
are composed of quarts, potash feldsparas, plagioclase feldspars
and biotite with zircon, epidote, sphene and a little of opaques

a8 accessories,

rlagioclase is purtly sericitized, Microcline, which oftan
occurs as porphyritic crysatals is partly cloudy. The microcline
crystals however, lack idiomorphic outlines.
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Orthoclase which is another important feldspar occasionally
occurs as porphyritic grains,

Blotite is the most abandant feromagnesian minerazl, and
muscovite is a minor constituent, Chloritisation of biotite
is a characteristic feature.

Hornblande occurs ag a subordinate mafic minerasl.

2. Diorite
The rock is molanocratic and medium grafined and consists

mostly of orthoclase and plagioclase feldspars with apprecisble
amounts of hornblende, and a little of opague minerxals.

3. syenite
It is a loucocratic rock composed of plagioclase feldspars,

nmicrocline, orthoclagse, and biotite. Feldspars are partly
kaolinised and gerictised. DBiotite is scmetimes chloritiged.
The accessories include gircon, sphene, magnetite and ilmenite,

4. Tuff

It is a ‘crystal tuff* and composed of few phenocrysts of
altered sodic plagioclases, embeddsd in a cryptocrystalline
groundmass an associated with fine grained quartz. Classy

materials ars common,

5. Dolerjte
The rocks are dark-coloured and medium grained, consist

essentially of plagioclase, clinopyronenss and pyroxsnes.
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Accessories include magnetite and ilemenite,

6. Gabbro

The rock is dark~colourec coarse grained and granular, and
consists mainly of plagioclase and augite, Alteration of
pyroxsnes to epidote is common, Accessories mainly include

ilmenite and magnetite.

7. anorthoaite
It is a coarse grained light-coloured rock essentisally

composed of plagioclase with o little of quarts, hypersthone,
chlorite, biotite, epidoto and some opaques as accassories.

6. Hornfels
The rock is dark coloured, fino to modium grained, vory
mich altered and consists mostly of guartzo~felspathic materials
with few phenocrysts of altered plogioclase., Feldspars are

partly sericitised and kaolinized. Accessories include
magnetite, ilmenite, pyrite, sphene and rutile,

9. Slate
The rock is dark grey in colour, fine grained, and partly
weathered. Slaty cleavage is well developed in most of the slates.

10. gchigt
T™he rock is fine to medium grained. Biotite-hornblende-

schists and tremolite-~schists are common, Quartso-feldspathic



24

materials form the bulk of the rock, The prismatic grains of
hornblende are roughly oriented with tho rosult that they

part & cruds achistosity tv tho rock. Kaclianisation and
sericitisation of felspars ami biotitisation of hornblends
are common. Accegsory minerals include epidote, ilmenite,
magnatite, garnot and chlorite.

11. amphibolito
The rock is mediun grained and dark coloured and consists

agsentislly of hornblande arxi bilotite. Hornblende 1s ofteén
replaced by biotite, Plagioclase forms a minor constituent
of tha rock.

12. peridotite

The rock is medium groined and dork brown coloured with
olivine as the dominant mineral. Accessories include nmagnetite,
ilmenite, pyritc and garnat.

13. Grgnulite and Charnockite
The rocks are medium to coarse grained and include

hornblende granulite and charnockite. They consist of highly
clouded coarse crystals of greenish-brown hornblende, biotite
and hypersthene, Hypersthene 1s characteristic of charnockites.
Accessories include ilmenite, magnetite, pyrite, rutile and

gircon.



25

14. Feldspathic qugrtwite

It 13 a fine grained feldspathic quartzite, Quarts and
feldspar are embedded in a fine-grained Guertsose matrix,
Biotite and sericite are slightly oriented. The rock shows in
general a porphyroblastic texture,
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TABLE I(B)
(After Radhakrishna,1976)

in supery
wxes, % croup
-4
200 &
54
1600 gﬁ
2100 g
[
& .
§ 3 o
« :;g
2400 g
Q
2700
2900
3000
3200

:

Rock type (host rock)

Carbonatite complexes (700 m.y.)
iimestones, phuales, sandatones

Shales, limestones, Cuddapah
lavas, sandstone, quartzites,
Kimberlite pipes (1700 m.y.)

Rani-
Dandell

Banded iron formation
Ankeritic limcstones
Craywackes (Ranibsnnur)

Chitaldurg penmur | faladgl | Bhima

Mafic dykes
Younger granitcs (Closepet)

Banded hematite guartzites

(2300 m.y.)

Jaspilites, limestones, phyllites,
shaleg, conglonerates, quartgzites.

Baba-
budan

uartz-magnetite schists,
phyllites, graphitic schists,
Mafic lavas, associated cherts,
conglomerates, ortho-guartgites,

Miguatitic gneisses, tonalites,
granodiorites and granites
(age ):anginq from 2950 to 2500
MY

Magnetite schists, amphibolites,
basalts (Kolar, Hutti),
Inter~related sedinents,
Anarthositic gabbros, peridotites,
pyroxenites, gebbros (Nuggihalli)

Oldest crustal material, sialic
or mafgic (?)




Chapter II1I

GEOPHYSICAL INVESTICATIONS IlN THE KARNATAKA PLATEAU

The geophysical studics that are being carried cut in this
area, ar: mainly based on tho results obtained from gravity
and magnetic mothods of investication and alsc that from other
interdisciplinary subjects, viz., seromagnotic, paleomagnetic,
gpeismic, heat flow and radioactive dota, on which some work
has been done by contenmporary workoro.

SECTION X

One of the major organisations doing gravity studics in
InGia is Natioral Geophysical Research Institute (NGRI) in
Hyderabad., Under the project ‘'Regional gravity studics in
india' systematic studies in gravity have been going on in the
NGRI since early 1964. The gravity studies include the
collection of cdata in the field and compilation of data from
other organisaticns in Indis where similar data 4is being
collected. Standardization of the data so obtained from other
sources and finally the analysis and interpretation of all the
relevant data are gome of the important objectives of the NGRI,

28
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The general purpose of carrying out gravity surveys by
the NGRI is to cover the large gaps in the gravity network of
Iindia. The presont £ielid work was, however, curried out with
a gtation gpacing of cbout 6 kilomeoterc, viz., sorewhat in
gsemi-detail. The grawity stetions aro ugually locatced along
the roads. In ordor to gprecad the grovity notwork numcrous
bases are estoblinhed throughout India, which wore tied to the
national base at Dehradun whose value ic 979.064 gals. Some
bages, estublished in South India, hove been reportod by
Qureshy and Brahmam (1969 ).The bases 8o estoblished are cccurate
to 0.3 mgal. Tho gravity oboezvétions made by the RNGRI combined
with those of survey of India and othor orgonisations wero used
in the preparation of differcnt gravity maps. A total of about
2,000 gravity stations wero made usc of in the preparation of
the grawvity maps of the Mysore plateau. The Survey of India
gravity values wore adjusted to the NGRI values by making scme

with
direct ties / some Survey of India stations,

The elevation control for the NCRI stations was essentially
the spot heights given on the one inch equal to /Ol;ilo topo-
graphic sheets of the Survey of Inxlia. In areas where such
spot slevations were not available, the elevations were obtained
by using two altimeters simultaneously. Survey of Inxiia and
P.W.D., bench marks, and spot elevations were used as control
points for reducing the altimeter data. Thus the maximum error

in elevation can be taken to be the same as that of the spot
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olevations, which may be of the order of 6 m,

Gravity observations were made using wWorden Gravimeter.
By repeated observations at a number of points, the observed
gravity values oare found to be accurate to within 0.3 wmgal.
The Bouguer anomalies have Doen conputed by assuming a density
of 2.67 q/t::n3 for tho topography sbove m.s.l. They are
reforred to tho intoernational gravity formmula of 1930 and are

corracted for terrain and curvature out to zone '0' of mayford.

Free-air anomalics are gravity anomalies which are obtained
on the assumption that there is no material botween the station

level and the se. lavel.

Taking into account the maximunm errors in the observation
ond elevation tho overall probable error in the gruvity ancmalics
(Bouguer or Free-oir) may be about + 1.5 mgal.

The isostatic anomaliea have been computed by using Alry-
Haiskanen system of comjensation for an assumed saea level cruatal
thickness of 30 km, and densities of 2.67 gm/cm® and 3.27 gm/cm
for the crustal and subcrustal materials respectively. In
camputing these anomalies, correction for mouc 1l6-1 of Hayford
was interpolated fram an interpolation ma, by Karki et al. (1961),
For sones A-0 an interpolation map prepared by the author was
used,

The different gravity maps, prepared by making use of these
data, are free-air, Bouguer and isostatic anomaly maps.



o —_— ——

64 .84 oll 094 K-y} “opl
T ] ] | I
22—
S
Ll
Ogl I
=
ol
[ ]
AVEVHIAAH
.N f’ ' sH3IL3W 006 TVYAMILNI ¥NOLNOD 1
B8l ““ 2 == ™ f .
i F‘y‘) w001 0% o} 0% W
VoA JHOSAN 40 VW
w NOILVA313 Q3SITYNOI9IY
] | ! ] ! l
64 o84 old 9L oG4 bl

8

ps—)
e A wn i —

2t




k) 3

In order to obtain a general idea of the average elevation
of the platesu and to compare the gravity anomalies along with
the tectonics and elevation of the area under study, a regionalised
elevation map of the Karnataka plateau was prepared (Pig. 3).
The regional elwvation map was preparcd by using the maximum
topographic contour value in 15 mimute grid to represent the
elevation in that grid. As may be scen from the map, excepting
the Northorn Karnataka, where only 500 meter elevation contours
are gshown, roest of tho region containa, in general, several
1,000 meter contours and with a few 1,500 meter contours and
only one 500 meter contour passing along the western border
indicating that the plateau is an elevated tableland with an
average elevation of 1,000 meters. It is commonly obsarved
that there is a relationship botween gravity anomalies and
surface topography; fres-air anomalies are directly related
to the eslevation of the observation points; Bouguer anomalies
are principally related to the regional elevations. On the
other hand the isostatic anomalies bear more resemblance to some
of the residual anomalies connected more or less with the local
geoclogy. Of the three kinds of anomalies the atudy of the
free-alr ancmaly map of the plateau may give some ideds of
the gravity field in this elevated tableland and its isostasy.

SECTION II
i lie
Figure 4 shows the free-air anomaly map of Karnataka. The
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anomaly contours have a total varfutio range of 170 mgal, i.e.,
from <120 to +50 mgal, Situated southeast and east of
Mangalore, the areas showing 450 mgel and ~120 wgal anomaly
contours respectively, are distinctly separated from one another
by a sero contour which passes acrosn the plateau in HE-SW
direction. funning almost parallel to the west coast fronm
Harwvar to HMangolore negative ancmalies, ranging frow -80 mgal

to «50 mgal ,are obsarved with steep gradlents away f£rom the
coaast, Ite general trend 4s tW-8E. The axis of the anomaly
approximately coincides with the elevation contour of 500 meters.
BExcepting this 'low* (=80 mgal) and the *high' (450 mgal)
occurring west of lysore, rest of the area is covercd with the
anomalies ranging from -30 mgal to 430 mgal clogures. The gzero
ancmaly contours arc alco Jbserved in different parts of the
arca, These indicate that the average free-air anomaly
approximates to gero, The -50 mgal 'low' south of Culbarga
represent topographic depressicn. The 30 mgal ‘hight S5,E. of
Bijapur may reflect the topography as this is comparatively
alevated erea as may be seen from Geologicul Map of Mysore published
by the G.8.,I. in 1871, 50 mgal *high® west of Mysore is observed
over an slevatod region of about 1,500 mts, Fositive anomalies
are obtained in the region between Hangalore and Tumkur over a
plateau surface having an aversgs elevation of 1,000 mts, T™he
reasons for negative anomaly of -120 mgal in the Rast of
Mangalore could not be kanown,
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(39 ias

FProm the Pig. 5, it may be cbserved that the Bouguer
ancmalies, varying from -130 mgals to -40 mgals, have & range
of 90 mgal. As may bo scen from the B.A. map, the entire area
is covered by negative anomalica. This is o normol feature
ovcer o contineantal c;mot. This nogativo bico in thoe platedu
has tho added significonco in that it appoars to bo similar to
thut of genorally prevolent ncgativo gravity ancnolics known
to occur in the southorn part of Indion peninsula. The probable
reasons for strong nagative ananalies, according to Woollard
{1972), can be trated to o deeper source in the Indion Ocean
as revealed fram sotellite data (Fig.6). From the map (Fig. S)
it nay be observed that in the northorn portion of tho arcc the
onomalics are broed while in the gouthern portion they arxc
aoewhat sharper with steeper gradients. On 4 comparison with
the regional elevation map (FPig. 3), the broader anomalies occur
ovar the tobleland whore its elevation is 500 meters whoreas
the southern portion of the area shows greater variation in
the elevations although this variation cannot explain completely
these anomaliea. Ceology of the plateau appears to have little
relationship to this zonal ancmalies. It is possible that the
broad ancmalies are mainly caused by deep seated baiies unrelated
to surficial geovlogy. The above statement can be further
subgtantiated by the fact that the necative unomalies of the
order =70 mgal to -80 mgal are cbtained over the Deccan Trape,
the average density of which is found to be 2.9 gm/cc and gredter
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than that assumed for the crust (Krishnan, 1968). This ‘low?
over the Deccan trape has been explained as due to the possible
presence of rift valleys benecath the Deecan Traps ésraahaa
Brahmam, 1975). The major part of the ancmaly can/linked to
doen seated causos over which are superimpcsed enomallies of
relatively snoll cagnitude due to the varying thicukposs of
the high density basalts (KHallasam ot al., 1072). Anothor
posaibility may perhaps be linkod with the idea that thick
trap rocks (2 km) floating over the granitic magma over this
ragion, caused negative anomalico as it has been suggestod in
the case of Doulder batholith, Montano (Warren Hamilton and
Myers, 1967).

The Kaladgi linestones occurring ncor 16° parallel show o
denaity of the order of 2.6 gn/cc with occasional higher
values of 2,7 gn/cc. The ghahebad limestones (Bhima serios)
mng'e in Genmsity range from 2.67 to 2,73 gm/cc, while the
sandstones of the same series have densities varying from 2.47
to 2,64 gu/cc (Kailasam,1972). The average density of the
granites and gneisses is of the order of 2,66 ¢gm/cc and 2,68
gn/cc respectively. The average density value of Dharwar
schists is 2.7 gm/cc., The Bouguer gravity ma, over the geclogic
features may be studied in the iight of these density values.

The Kaladgi basin, which is partly cuvered un the north
by the Deccan lavas, is brought cut in the B.A. ma); as & closed
feature with a peak value of -110 mgal. To the sast and west of
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the basin, the gravity values increase rapidly suggesting
faulting over the margins of the basin. Similar cbservations
have also been made by Kailasam et al.{1572). The Bhima basin,
south of CGulbarga, is charactericed by a =90 mgal closure. The
low gravity values of -80 mgals, abserved over the Deccan trops,
is 0lso possibly cus to the BAima gerics underlying tho traps.
Thus the Kaladgil and Dhima gerios have possiblo territorial
axtension baeneaoth tho trups.

Gravity cnomalics, ranging from =130 mmoal to =110, wore
observed avor tho Dharwar schists. As the avorage density values
of the Dharwar schists moagured arc higher than the density values
of the crustal rocks it may be inferred that tho gravity anomolies
observed herc aro expressions of the gravity £ield of both tho
surface and subsurface geoclogic bodies. Superposcd over these,
thore 1is another source of gravity fileld which also contributes
to these gravity anamalies and this is the r;agtonal field, viz..
dee);; seated effects of geologic bodies. The provalence of strong
nagative anomalies over the Dharwar formations could be inter-
preted in the light of the negative anomalies generally cbserved
over the plateau and in the context of the predominance of
nagative anamalies over the entire peninsular shield, for which
phattacharji (1970) and Woollaxd (1972) gave different inter-
pretations. From this fact it is obvious that a background
(regional f£ield) exists whiclh tends to be negative and superposed
over the local field. Thus the residual field may be positive or
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negative depending upon the strength of the obaserved anomaly
source. Under thesa circumstances the residual anomalies
obtoined ovar the Dharwars msy be sither pogitive or negative
depending upon the thickioeas of the Dharwar formations., As
such, tha nagativo residual valuos obsexved over the Dharwars
Ly sametines bo due to lichter rocks underiying the schistose
fomatiung and the granites, boing less donse than the average
crust, might hcve been the cause of those oancixalies., lagative
aponilies of the order of -80 to «110 mgal with a peak value of
=110 mgals hove boan obtaired ovar the gmnita:;gz tyaore, and
the measured density valucs of grunitos range €£rom 2.64 to
2.69 in this agoa while tho normal crustal density is assumed
to be 2,67 gm/cc., Anomalics ranging from ~-50 mgal to ~100 mgal
ware obsexved over the territory along the west coast. Anomalies
varyiug fron «-70 mgal to -80 mgal have been cbtained over the
charnockites of this area, As the density of charnockite
ranges from 2.67 to 2.73 (Krishnan 1968), gravity'lows® of this
order may not reflect the surface geology. Mention may be
made here that instead of ruling out the possibility that this
anomaly is caused by charnockitic bodies, it may be supposed
that the possible causative body may be determined if the
background noise (the regional f£ield) is correctly evaluated and
removed, and the residual anomaly obtained, It may enable one to
interpret the data quantitatively. An attampt has been made by
the author to interpret the gravity data quantitatively while
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discussing the gravity profiles in the next section. Peninsular
gneisases are characterised by -80 to -100 mgals. The negative
ancmalies of this order on the gneisses may be partly attributed
to the granites underlying the gneisses. In order to arrive

at a more redlistic picturc of the gravity anomalics which
reflect the local geology well, Alry-Heiskanen cnonalies ware
calculated with crustal thickness 'T* = 30 km, as these gravity
anamalies (computed after isostatic corraction) are supposed to
represent more realistic crustal model of the earth than the
Bouguer anomaly. Although the mass distribution at depth appears
to range from that defined by tho Airy~Heiskonen concept of
isostasy to that embodied in Pratt-Hayford concept (Woollard,
1966), Airy~-Heiskonen anomalies are analyscd hero, for thope
types of isostatic anomalies sre, in the vast numbor of cascs,
closer to earth's model derived from seismic data in various

countries.

Isostatic ancmalies (A-H anomolies, T=30 Xkm)

Pig. 7 shows the isostatic anomaly map of Mysore based
on Ary-MHeiskanen model with T=30 ki, The mop 48 similar to
pouguer except in respect of gome differences such as change 4n
the shape of the anomalies in souio ayxeas and also in the
smouthing out of the anomalies with decrease in the magnitude
of the anomalies. The smoothed anomalies indicate thut isostatic
correction is a sort of regional correction (BHales und Gough,

19%7). 1Isostatic anomalies were calculated for T30 km as it is
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recognised that Adiry-Heiskanen system of compensation for

Tw30 km show nearly complete isostatic equilibrium for those
ragions of India that lie below an arbitrary elevation of

about 2,000 metaxrs (Qureshy, 1963)., Further from regression
studles of gravity anomalics (Aravamadhu et al., 1970) it was
astablished that sea level crustal thickness of 30 km as
appropriate for southorn peninsular India. If othor assumptions
such as crustal thickness amnc the nature of compensation, vieg.,
locul or regional, are reasonably correct, isogtatic ancmalies
nay be caused duo to geologic bodies or on account of doparture
fran isostasy as @ rasult of tectonic processos in an arcu which
iz atherwise in oquilibriun, The isostatic anomaly rongos

in this region Vvary from -80 to gero mgala. HNegative
closures of the order of -50 mgals werc obtained at somo places
near Dharwar and llangalore. lear tho Western Chats, lying at

the western boundary of the plateau, the anomalics observed

vary from -80 mgals to ~50 mgals. In spite of the fact that

tho gtable crustal block of the peningula is left undisturbed
since the Precambrian times and composed mostly of denser

rocks, the anomalies over the region are strongly negative.
According to Bhattacharji (1970) these anomalies are due to masg-
depressions associacted with mass defects as a result of the age-
long demudation over the peninsular plateau. The compensation
effects of these nmoss-defects, which is of the order of 200 to
500 meters depth, are large enough to account for the negative
ancalies in the region, the Bouguer effects getting automatically
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cancelled out, Bhattacharji (1970) is also of the opinion that
this isostatic imbalance ultimately may have resulted in recent

earthquake at Koyna, north of the Karnataka region.

The area is in general charactorised by predominance of
broad zones of nogative ancmalies vorying from <10 to =-40 mgals
with gero anomaly closures at two ifaolated pockets near
Dangalore. The gravity ‘*low' of the order of -50 mgals necar
Dharwar may possibly be due to the low density granites underlying
the schiste. The gravity ‘low' with a peak value -50 mgals south
of Bangalore may also have been caused by the light granitic
gneisses, Relativoly positive velueca ranging from gero to =10
mgals have becn observed betweaen Pavagada, Hassan and Bangalore
over an elevated region of the plateau., Summarising tho analysis
of the gravity maps, it may be mentioned that the gravity picture
of tho Karnateka is ¢generally charactorised by low anomaly valuea,
These regional low values are superposed over the local'highs'
of the low grade greenstones (Dharwars) end peninsular gneiases,
and granites (Arxrcheans) characterised by gratity ‘lows'. Almost
similar features have been observed by Clikscn and Lambort
(1973, 1976) over the Precambrian rocks of western Australia,

The above menticned analysis indicate the qualitative nature
of the causative rock formations. A quantitative interpretation
is attempted in order to determine the width and depth of the
bodies due to which thase anomalies may have been obtained. A
set of four gravity profiles, three East-West and the fourth,
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approximately NW-SE was analysed quantitatively and the results
are presented in the following section 3

SECTION IIX

Analysis of gravity and magnetic profiles

The three cast-wvest grovity profiles, oleng which gravity
and magnotic data wero collected, are (1) Coa to Bellary (AA'),
{2) Bhatkal to Pavagads (BB') and (3) langalore to Betmangala
(cct)., The fourth onc DD' run approximctely in NW-S8E direction
(Pig. 2).

As it 15 desirable to havo o knowledce of the qenaxty valuco
of the rock formations along the profiles for ?’ qxénntitats.ve
astimate of tho geologic sections, rock emnplesj:ouected gt tho
gravity stations along the traverses and their densitien were
determined in the laboratory. GCneisses, schists, granites, dyke
rocks and trap rocks are the rock samplces whose density values

were measured,

Digcussion of Profileg

Profile AA' - Gravity ancmalies (FA, BA and IA), elevation
data and the geology along profile AA' are shown in Fig. 8. This
profile, which runs from Panaji (Goa) to Bellary across the
plateau was taken approximately along the East-West direction.
The different geologic formations across which the profile passes
through are Dharwar schists, younger granites, peninsular gneisses
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and dyke rocks. The different ancmalies, viz., free-air, Bouguer
and isostatic (Airy-Heiskanen) have aimilar characteristics along
tha profile. As may be geen in the Fig. 8, the elevation profile
is practically flat (approximately at 600 meters level) starting
from the coastal station, Goa, to & distance of about 65 ¥m
towards east. The gravity anomallcs show stecep £all in values
from the coast to the point where there is o sharp contrast

in elevation, the fall 4in grawity valuo being more conspicuous

in the free-air anomaly curve which normally shows & direct
dependence on topographic relief. This fall in gravity values may
be due to the fault botween the west coast and tho continental
divide which has also been revealed fxom geodetic and gravity
studies(Bhattcharjee, 1970; Kailasam, 1972) ecarlicr. Measurement
of density values of the rocks show that the overage values of
Dharwar schists are higher than that of the normal crust, and

the density of the granites, lower than that of normal crust.

The density of the peninsular gneisses ia almost cgual to the
assumed average dengity of the crust. Residual anomalies are
derived from Bouguer anomalies after the removal of the regional
values. It may be mentioned hare that although isostatic anomaly
is in the theoretical sense a residual ancmaly (Coron 1969), 4n
practice there are many uncertainities about the density contrasts
and the depths assumed upto the dspth of lateral homogenity. It
is, therefore, not desiruble to make quantitative analysis with
this possidle speculation about the physical properties of the
desp interior (see Lafer, 1965)., As such, for quantitative analysis
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Bouguer anomalies are utilised instead of tho {gostatic anomalies,
and the regional effect removed from the Bouguer ancmaly. There
are many methods of removing the regional effect such as trend
gurface analysis; the method of least asguares, moving average
method, profile averaging method, etc., and each methed has its
own advantages and limitations. One of thc simplest and best
method is that of smoothing, vie., to draw a gmooth line elong
the desired profile for which it 18 requircd to extract the
regional. while drawing the regionol in thias case, geology

is also taken into account so that tho residual ancmalics
obtained reflect the local geology. ’

In magnetic survey, variations in tho vertical component
of the earth's magnetic field along thes three Bast-lWest profilcs
werc measurcd as it is a common dbgserxvation that the vertical
component of tho geomagnetic field reflacts the geologic bodics
well in high magnetic latitudes (Heiland, 1946). Torsien magne-
tometer was used in the magnetic survey. All the values are
referred to the gtation at Bellary and the data reduced accordingly,
For applying the diurnal correction, the atations with known
absolute magnetic values wers occupied during a day's field work.
These stations are survey of India stations and the epoch
correction for them has been made frou the magnetic charts of
the gesomaghetic observatory at the N.G.R.I. As far as poussible
both gravity and magnetic stations were get up at the sawe site
80 that locating the stations and the correlation of the gravity
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and magnetic data is more convenisnt, O0f course, care was taken
to see that the magnetic atations were set up away from the power
lines and other elementa which are likely to disturb the magnetic
£ield, Further from magnetic observatory rscords the magnetically
disturdbed days were avoided or corrected for, 4if the correction

is small, Pig. 8 shows the magnetic profile from Coa to Bellary.
The total range of the magnetic anomalies along the profile varies
from 9,600 gammnas to about 13,600 gammas. The maximum anomaly of
13,600 gammas is abtained near Dharwar ovar the schistose rocks.
Again, midway between Koppal and Bellary ancmaly ranging from 9,600
gammas to about 12,000 gamnas was obtained. Both being short

wave length anomalies they may be local anomalies reflecting
surface or near surface geology., Excepting those two intense
anomalies, the rest of the anomalies in this profile fluctuates
above an approximate level of 11,400 gamunas which nay approximately
be taken as the regional. One of the strong anomalous gones,
mentioned above, is near Dharwar and the other one near Bellary.
The relief of the anomaly near Dharwar is about 2,200 gammas and
that over the other anomalous sone is about +1000 to ~2000 Gasuas.
A third anomslous sone of an Anplituao smaller than the other two
occurs near Xoppal between Gadag and Bellary. Its relief varies from
-800 t0 +300 gaxmas apd it is characterised by longsr wave length,
This Dharwar anomaly must have been dus to the existence of

some magnetite~rich iron oxe. The magnatic ancmaly cbtained

near Bsllary may be due to the presence of basic intrusive rocks
(dolerite dykes)., Both positive and negative anomalies obtained,
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over the dyke rocks{(assemed source of ancmalies) indicate that
they are most probably reversely magnetised. Magnetic ancmalies
ranging between -800 and +300 gammus observed ncar Koppel are
possibly dus to magnetically rich u;:m ores in this ar;a o;
due to asome highly magnetic basic rocks beneath the peninsular
gaeisses, Fourth anomalous gone in this traverse is nesr
Molem about 60 km east of Goa. HMagnetic anomalias varying in
relief from ~500 to +200 gammas hove been obtained over the
schistose formations near Molem. Since the schistose rocks
arae usually magnetically weak, these higher anomalies might
ﬁhave been the affect of some highly magnetised rocks underlying
the schists. Bxcepting the above four anamalous gonos, the
remaining anomalies are almogt uniform with minor fluctuations
in values asuperposed onh the nomnal £ield,which are possibly
due to the smaller variations in the thickness of the near
surface rocks. Anomalies ranging from =100 to +100 gammas
have been obtained over the granites along this profile amd
the susceptibility values of the granites are within the range
of 1 to 1,1x10™>. The magnetic anomalies thus cbserved may
ba accounted fur by surface and near surface rocks.

Quantitative analysis of the gravity profiles:

T™he gravity ancmalies along the four profiles were computed
taking into account the density contrast between the different
outcropping geslogic bodies across which gravity values were
chbsexved, using & dot chart for calculation of the gravitational
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attraction of two dimensional bodies (see Millet, 1967). The
density values of the rock samples used in the computation of
gravity anomalies along each profile are mostly those samples
which ware collected along the particular profile. pig. 12
shows the gravity profile computed and observed from
Panaji to Bellery. From the crustal model (Pig. 12 At may be
seon that the schistose formations vary in thickness from about
4 to 8 xm and the thickness of the granite varies from & to

9 km. The shape of the granite is also varying from a dome
1ike to T-ghaped batholith (near BDellary). Bott and Smithson
(1966) concluded from gravity analyses that granitic plutons
extend to depths of only about 10 km., The shape of this granite
body is samewhat similax to that of the intrusive rapakivi
granite of South Greenland (Bridgewater et al., 1974). Of course,
the rapakivi granite massifs are characterissd by lack of
magnetic anomalios while this granite is somewhat magnetic

with *K' value approximately at about mo"" cgs. units. This
is possibly due to ths development of mafic front in the
Closepet granite (Divakar Rao, et al., 1969). The evidence
collacted fram the crustal model of Dharwar schists conforms
with the earlier view thut the schist belongs to a single
gacsynclinal environment instead of representing isolated
patches (Pichamuthu, 1974).

Profile BB* ~ This profile runs from Bhatkal to Pavagada
approximately along the l4th parallel across the plateau. Frem
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Ww-E it passes across the Dharwar schists, gneisses, dyke-rocks,
txaps, hematite quartzite, and granites including Colsepet
granite. Fig.9 shows the gravity anomalies (FA, BA and

IA with T=30 km), elevatiun profile and the geolocy from Bhatkal
to Pavagada, Topographic relief is almost constant at about 500
meters level from a4 point at a distonce of roughly 20 kms away
from Bhatkal., All the three curves, viz., FA, BA and IA are
similar in their general characteristics except that the
magnitude of their abgsolute values differ. In view of the

short wave-length of the anamalies and as there are no major
changes in topography, in all probability the anomalies are
local and influenced by the surface geology, The densities of
the rocks collected along this profile also suggest that the
gravity ancmalics are caused by variations in the lithology

of the surface and near surface rocks.

Vartical magnetic intensity values vary 4in range from about
8,100 gamas to 10,500 gammas, the relief cbserved over these
Precambrian formations being 2,400 gamnas., Above an approximately
8,800 gammas magnetic level, the anomaly fluctuates ovar the
geclogic formations depending on the intensity of the field.
Magnetic ancmalies ranging from +200 gammas to -500 gassmas with
respect to nomal field have been obtained over the Dharwars.
Variations in anomalies from -600 to 41600 gammas have been
obtained over the peninsular gneisses and anomalies ranging
fxom ~200 to +600 gummas have been obtainad over the granites.
Hasmatite-quartzite bands and trap rocks have yielded magnetic
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values of the order of +600 gammas. lLaboratory measurements
show that the suceptibility values of the gnaisses and schists
are very low. The high magnetic ancmalies observed over the
gneisses and schists might have dbeen due to the remanent
maghetic field since the short wave length of the ancmalics
suggost that they are local and related to surface or ncar
surface effects. A relatively great quantity of magnetic rocks
in ancient shields is probably explained by regional metamorphism
and ultra-metamorphism that increased the magnetite and titano-
magnetite content of the rocks and hence, their high magnetic
susceptibility (see Dortamn et al., 1964),

Pig. 13 shows the gravity anomaly and the interpreted
crustal structura. The thickness of the schistose rocks varies
from 1,5 to 4 km and the thickness of the trap rocks vary from
0.5 to 4 dm, and the maximun thickness of the granite near
Pavagada is found to be about 6.5 kin. The ocutline of the section
of Closspet granits near Mavagada is partially T-shapad, The
. varistions in the magnetic anomalies over the Dharwar schists is
partly due to the varying thickness of these formations, Magmetic
ancmalies over the Closepet grenite may be due to tm inclusion
of some banded magnetite quartzites as the Closepet granite
was reported to contain inclusions of many of the older rock
formations like hornblende-~gramulites, hypersthene-gramilites,
banded magnetite~quartsites, and garnetiferous guartsites
(Rama Nao, 1962). Magnetic enomaly obtained over the trap
rocks are small and the measured susceptibility values of thase

4
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rocks in this area are also smsll (Naqvi, 1973). Low magnetic
values cbserved cover the hematite quartzite is posaibly due to
weakly magnetic hematite guertiste,

Profile CC't Pig. 10 shows gravity (PA, BA) and IA (Tw30 Xm)
curves, slevation profile and magnetic curve along with the
surface geology from Mangalore to Betmangala, 7he topographic
profile indicates that the elevation between Mangalore and
Bidartola is alimost constant, %There is & cextain rise in
elevation of about 0.6 ko sast of Bidartole and the reat of the
profile shows little departure from this elevation., Free-air
anomaly (F.A.) follows closaly the topography by the rapid
increase of the anomaly with the elevation, while the Bouguer
ond Isostatic anomalies do not show any such marked changes in
value. Excepting this difference in the anomaly pattern (P,

BA and IA), the rest of the portions of the anomaly curves have
identical trends. The BA and IA curves are practically flat

with minor varistions in gravity anomalies. The altexrnate

bands of schistose formations with small widths are not reflected
wall in the grawity curves probably dua to their small widths,
The charnockites in the western portion of the profile did not
indicate any ancmaly,possibly due to lack of any density contrast
batwesn the charnockites and the gneisses in this region. Further
no gravity ancmaly has heen cbserved over the charnockites
possibly dues to fact that the chammockites show gradational
changas with migmatites and in the contact zone retrogression
from the gramulitic facies may lead to the charnockitisation of
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gneisses (Swaminath et al,, 1974). All the three gravity curves
(ra, BA and IA), which show a broad rise over the Peninsular
gneisses in the sastern sids of the section, are noitherx
significantly related to topography nor geology. The regional
value i3 increasing eastwards. This could posaibly be dus to
same dsep~-gested effects and may also be due to the heterogeneity
in composition of the Peninsular gneisses at depth (Ddvakar Rao
ot al., 1974).

Vertical intensity magnetic ancmalies vary from 6,600 gammas
to 7,500 gammas over the different geologic formations along
this profile. Magnotic onomaly varies from 6,600 gammas to
7.500 gammas over the peninsular gneisses. 1f 7,000 gamma is
taken as the approximate regional value, tho relief in anomaly
is about -400 gammas to +800 gammas. The wave length of the
anomaly indicates that the source of anomaly is not shallow,
There are two possibilities, viz., that the anomaly is caused
by a pore magnetic sub-crustal material or that the peninsularx
gneisses at depth are more magnetic than at the surface. The
© latter possibility appears to be plausible as the gneisses
are reported to be heterogemsous in compoaition, Further,
susceptibility measurements of gneisses show a wide variation
in their values ranging from 50x20™° ¢o 550::10"6. which shows
that there is a wids variation in their magnetisation although
they are weakly magnetic. Magnetic anomalies (relief) varying
fzom ~200 to S00 gammas has been obtained over the Dharwar
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schists. As the susceptibility values of the schistose rocks

are of low order, these anamolies cannat be explained by the
induwced field alone.Hence the schistose rocks might be having

some remanent magnetism, Magnetic anomaly of 50 gammas have been
obtained over the dyke rocis. The susceptibility value of the
ordar of 90:10‘6 of the dyke rock is 4in conformity with the low
magnetic values observed over the dyke rocks, Magnetic ancmalies
with & maximun relief of 400 gammas has boen chserved over the
granites. The granites 4in this profile have an average suscep~
tibility 'K* value of 2,300x20°% (c.G.s. unit).

The gravity evidence from the analysis of this profile
indicates the possibility of (1) heterogeneity of the peninsular
gneisses and (2) charnockitisation of the gneisses. The
magnetic data f£rom this profile revealed that the schists,
dyks rocks and peninsular gneisses are feebly magnetic., Further
the gneissic rocks exhibit wids varistion in their magneotism,
Although it cannot be conclusively stated, it might be possible
that the gneisses at depth are transformed by some physico-
chamical changes into rocks with altered physical properties.
Such a possibility has been also indicated by earlisr geological
studies (Radhakrishna, 1956; Divakar Rac, 1974).

?ig. 14 shows the gravity anomaly and the inferred geologic
section from Mangalore to Betmangala. The schistose formations
oocour in different doma-shaped patches with a maximum thickness
of 2 km, The maximum thickness of the granites has been estimated
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to about 5 km, The relative magnitude of the magnatic ancmaly
compared with the geoclogic section shows that the anomaly is

not influanced comparatively by the sise and shape of the structure.
Magnetic snomaly of a saximum of 400 gammas, caused by thas
outcropping geological formation {(granite) has been superposed

over the regional f£ield of the order 7,000 gammas in this profile,

profile DD*' - Zhs profile DD' is aligned approximately in the
-8B direction (Pig. 11)., As may be seen, the elevation

remains almost constant at 600 mteré throughout the profile
except near tho gouthern tip ‘DY, where the elevation abruptly
rises upto 1,500 meters. The traverse has been taken through
Mesozoic and lower tertiary rocks (Deccan trap ) Kaladgi series,
metavolcanics of Dharwar, Peninsular gneiss and through a

amall band of intrusive granite. Free-air, Bouguer and Isostatic
anomaly (Alry-Heiskanen with Tw=30 km) profiles are mostly similar
with minor variations and all of them appear to be unrelated to
topography. The ancmalies may have been caused by lichological
changss in the rock formations of differing density values
assuming that the platesu is in isostatic equilibrium. aAll the
three gravity anomaly curyes show gravity ‘high'* over the Dharwar
schists, ‘low' over the Kaladgis between Jamkhandi and Cadag.

The low over the Kaladgis appearing in PF,A, and B.A. Curves

has been resolved into ene *high® and one *low' in the IA curve ,
the significance of which in terms of geology has besn indicated
later in this text whils interpreting tha profiles gquantitatively.
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The pcsitive anomaly appearing in Bouguer has not been revealed
in the isostatic anomaly near Gundlupet.

Pig. 15 shows the gravity (residual) profile and the
interpreted geologic section along the profile DD', The residual
gravity ‘high’' nsar mudhol has beon interpretcd to be due to
a danser cylindrical bocdy within the low density sediments.
Further the quantitative study of this profile indicated the
possible existence of a sub-gurface body near Nanjangud with a
width of about 2 km andl a thickness of about 1.5 X having a
density contrast of .32 gon/cec, It is estimated to lie at a
depth of 0.5 km,

Co tio 4 avit ios with the
t yocks of 0.

In oxder to have an idea of the geophysical implication in
relation to metamorphism of the Archasan rocks of Mysore (FPig.
16) an attempt has been made to correlate the nature of meta-
morphic rocks of Mysore with Bouguer and isostatic anomaly

maps of the area,

Corrlelation with Bouguer anomaly : Bouguer anomaly of the order
=70 €0 ~100 mgals has been cbsetved over the intermediate pressure
green~-gchist facies sone (IG) (as Gefined by Murthy, 1971).
Metamorphic rocks of the intermediate pressure amphidbolite (IA)
facies is characterised by ~100 to -110 mgals. Rocks of the
intexmediate pressure faciss - Migmatites and anatectic granites
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(Mi), is charactarised by ~70 to ~130 mgals. This sone approxi-
mately corresponds to the almandine-amphibolite facies
demarcated by isogrades as defined by Pichamuthu (1967). Bouguer
anomalies 0f the order of 70 to ~100 mgals are cbtained over
the two pyroxene group of gramulites. The various groups of
mgtamorphic rocks in general exhibit gravity anomslios ranging
from -70 mgals to ~110 mgals corresponiing to the intermediate
Prassure facies rocks. Migmatites and anatectic granites

reveal at some places strong gravity anomalies (upto ~130 mgals)
in the region. From this it appears that wmotamorphism does

not have a well-defined relaticnship with Bouguer anomaly
corresponding to the progressive increagse of umetamorphism £rom
north to south in the Karnatokae craton. However, there appears
to be a tendency for the rise of the gravity anomaly at the
isograde demarcating the granulite charnockites, Qureshy (1964)
also observed gravity maxims over the highly metamorphosed rocks
of south India, such as charnockites and Khondalitea. The resasons
for the increase of the gravity ancmalies from the north to the
south is the general tilt of the Peninsula as postulated by
Fermor (1936~40) and due to the pressnce of denser charnockites
in the southarn sector of Myscre as a result of block uplifting
(wadia, 1942).

Correlation with igostatic anomaly: To study the role of
metamorphism and the physical properties of the rocks both at
the surface and at depth anx! also because the Bouguer anomaly d4id
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not indicate any correlation, iscstatic anomalies were used

for this purposs. Although there is no correlation which can
be stated unambiguously, Aliry-Heiskanen anomalies (Te30 km) appear
to show generally an increase of ancmaly (rising towards less
negative) from north to south corresponding to progressive
increase of metamorphism in the arca. As isostatic anomnlies
are gravity ancomalies which are suprosed to reflect local
ancalies duae to surface and near surface geologic formations,
one of the possible reasons for increase of gravity values

from north to scuth may be due to the tilt of the Feninsula
towards northwest as mentioned earlier. Charnockites and
granulites, which now occupy the scuthorn sector of lysoro
platesu have oalgo partly contridbuted to the higher density values.
Metamorphiasm has progressively decreased in intensity with time,
which is a charecteristic feature of the cratonic areas
(swaminathan, et al,, 1974). Thus the correlation of the meta-
morphic terrain map along with the gravity maps (ngueg and
isostatic) indicated that the ¢grevity ancmalies are perhaps more
dependent on the physical propsrties of the constituents of
metamorphic rocks than the phenomenon of metamorphism. The
increase in anomaly values as ons proceeds from north to south
may therefore, be due to the uplift of the deepsr and denser
high grade charncckites @uring the course of tsctonic evolution
of the peninsula,

In order to understand the relation between geophysical
obpervation and tectonics of the Archasan of rocks of Mysore, a
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correlation was attempted, keeping in view of the limitations
of the isostatic studias in relation to teactonics (see Artemyev
and Artyushkov, 1967), according to their observation it 4s not
alwvays possible to compare and contrast isostatic and tectonic
forces. Fig.!17 ahows the tectonic map superposed over the
regional elevation map of Karnataka State. A gravity low
approximately following the synclinal and anticlinoal axes,
trending rouchly east-waest correspond to the formaetions in the
lower Raladgi-Bagalkot area cast of Belgaum, Bxcepting this
there is no significant relation between lscostatic anomaly map

and tectonic map.

As may be scen from the tectonic and regional elevation
map of Karnataka (B‘:I.g.l"l ), the genaral elevation of the northern
part of the axea is of the order of 500 meters and that of the
southern part averages to 1,000 metera. The structural trends
of the Dharwar, which varies from HNW-S3E tO Nw-3E, generally
coincide with lines of Bouguer minima, The uverage density
of these achistose rocks is more than that of the crust. Out of
the many possible causes four the gravity minimum over the
Dhaxwars, apart from the possible occurrence of granites beneath
the Dharwar schists in soms places, vig., gensral negative
bilas of the gravity field (woollard, 1972), tilt of the peninsula
(Femmor, 1940), dissipated ‘root' of Dharwar mountains (Fermor,
1919), etec., the dissipation of root appears t> be the likely



phenomenon that might have caused this dapartu::f ancmaly. The
gravity low is observed in the Kaladgi-Bagalkot aree east of
Belgaunm where in the lower Kaladgi sedimanterics werc depesited,
It is supposed Dby Nautiyal (1966) that a wide graben, which
tovards the close of tho lower Epdproterogoic times, was compresced
and gave rise to asymnotric anticlinal and gynclinal folds
exhibited by the formations in the Kaladgi-Bagalkot-Yadwoel

area., %The axes of tho folds trond approximately east-west
indicating a north-south direction of tho compressional force,
The gravity low observed is 8lco Bast-west trending., Purthor
negative anomolics are characteristic of grabens (Wollard, 1969).
A8 may be poan froty tho D.A. mop 4n Pig. 5, the anamaly contours
are more widely distridbuted in the southern part than in the
northern part of the plateau whegre the contours are alaso broadly
| spread out, According to Nautiyal (1966),the orogenic forces
were not uniform during the middle Proteroroic period which hos
atfected the southern and noxthern portions of the plateau by
contrasting tectonic conditions. This may perhaps be one of

the reascona for the différent anomaly patterns in the two
portions of the region. It may be, therefore, be stated that
generally, the overall tectonic picture and the Bouguer anomaly
map could be correlated. Mention may be made here of o statement
by Rautiyal (1966) ;:hnt the tem ‘*ahield' to this area can be
applied only for getdogical periods after the upper Proterosoic
wvhen the area became stable, axcept for the epeirogenic movements.
This gives a supporting evidence not only for geophysical
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(gravity ) anomalies but also gives an ideua of the growth and
stability of the plateau. Synclinal fold axes of the Dharwar
schist belt trsnding IW-88E from Dharwar through approximately
Chitaldurg, Mysore and Gundlupet follow the general trend of
the gravity lows. This negative ancimaly, parallelling the
tends of the schistose rocks, which ago denser than the crustal
rocks, appears to indicate subsurface anomaly, possibly of the
basement. The lower proterozoic rocka granitiscé due to deep
burial, but because their upper contacts with the underlying
gneiases and granites remained sharp (Nautiyal, 1966) the
gravity lows were indicated over the synclinal axial planes.

0f tha three major parallel faults striking 8w-RE, the scuthernmost,
and the one north of it, follow some aignificant pattern with
gravity ‘lows' but the northermnmost fault 444 not have any such
relationship with gravity. These faults being graben-like
{srinivasan and srinivas, 1974), disjointed gravity ‘'lows® were
noticed over these faults. Somewhat lesser negative or the
gravity ‘high' south-west of Hellary on the fault line may be
either due to the influencs of some basic intrusives or the
presence of ultramafic rocks in the proximity of this grevity
anomaly. The principal dsep seated regional (RW-SE) fault as
indicated on the tectonic map, does not appear to bear any
relationship with the Bouguer anomaly. The possible explanation
for this is either the gravity ancmaly has not reflected the
desp seated fault in this region or it is non-existant and the
latter is more 1ikely {(cf. ONGC and ESCAP map, 1975).



To explain tha fiald cbgervations, laboratory determinations
of the physical parameters such as density and susceptibility
of the rocks collected in the £icld were made, About 40 rock
samples were collected during the £1s1d work along the three
east-wast profiles AA', BB* and CC*' axi the measured densities of
thege rocks were utilized in making the quantitative interpreta-
tion of the gravity data.

Dengity measurements

Tha rock samples collected for Gonsity measurements includeo
granites, ¢neisses, schiats, pegmatites, grancdiorite and dyke
rocks. The dengity moasurenents were pade with Walker's ateel
yard. Tablell ghows the density values of the rock types

measured.

Sugceptibility ‘K’ meagurements

Busceptibility 'K' valueas of the different rock samples
collected in the field such as gneisses, schist rocks, etc.,
wvere measured with Mooney's susceptibility bridge. Table IIL
shows the susceptibility values of the rock ssmaples measured.
The susceptibility values of gneisses gensrelly fall within
the range of 50x10~® (C.G.5. units) to sbout 600x10~%, with the
exception of two samples which show abnormally high 'K* values
ranging from 2160x10™% ana 2360x10°6. As the magnetism of a rock
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TABLE 1I: Density valuss of rock samples
Density values gu/cc
No., Rock type No.of samples Range Average
e 17 2.5 - 2.8 2.67
2 schist 4 2.59 - 2.68 2.7
Cranite 10 2.64 ~ 2,69 2.66
- Dyke 4 2.98 - 3,14 2,99

TADLE IXIrx Susceoptibility 'K* values of the rock samplos.

No. Range type ﬁ:p‘l’fs Range of Kx10-C
b { Peninsular gneliss 16 50 - 2360

2 Granites 7 50 - 2700

3 schist 5 50 - 100

4 Ganodiorite 3 50 - 2700

5 Pagratite ¢ 100 - 860

6 Dyke ‘ 90 - 3200

7 Magnetite 1 810




depends, apart from othor factors such as shape and size of the
magnetic grains, on the magnetite content, the variations
noticed in the *'K?! values of the rock aomplas are pmbablx due
to ;arutgiona in tmj ﬁrmagn;tic Mral (magnetite) content
in the rock. Howaver, At may be mentioned that the 'K’ values
exhibitced by most of the rocks aro in the lower side with

occasional higher values.



Chapter 1V

CORRELAT IUH W GEVIACICAL AlD CEOPHYSICAL DATA

introduction

%hae study of geology of the Karnataka region and some
geophyaical surveys carried out on the plateau, together with
the laboratory measurements of some physical parameters such
as denaity and susceptibility values of rock samples, collccted
in the £ield, and thoirxr potrogrophic characters, as presented
in the previous chapters, provide useful information £or
intarpratation, For & realistic approach to correlation of
the geophysicol and geological data in respect of thias area

each aspect of informatio: was mado use of,

Although there is a vast amount of inforuation available
on the aurfuace geology of the Karnatuko area, the avuilable
gesophysical data is very meagre. %“he anount of geochemical
data regarding some of the Precambrian rocks of Karnataka is
coming up well in recent years. The inferences regarding the
nature and origin of the rocks of the region from these
studies individually or combined with the results of investiga-

tions, presently carried out, may explain some of the problems

61
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of the complex geology of Mysore, Integrated studies carried
out in this region carlier are mainly in the form of ‘band‘
studies, viz., geoclogical, geophysical and goocchemicz) studies
along the 14th parallel.

From the palaeomagnetic measurements of some dyke rocks
along tho 14th parallel between FFavagada and Chitalcdurg, it
was inferred that this igneocus activity could be of Precambrian
age and o close similarity between Closepet ané Chitaldurg
granites was obgerved on the basis of geochemical studies
(Qureshy et al., 1967). Yaqgvi (1973) indicated from an analysis
of the integrated geophysical and geologicol studies in and
around Chitaldurg schist belt that tho gravity studies agree
woll with tho structure of the belt and that the gynclinal
portions preserve thicker columns of rocuas thun the anticlinal
ones. Tho total magnetic intensity picture cbtoined frum the
areal survoys carried out in 1967, ovor Chitaldurg schist belt
indicatad abgsence of any resolution of the lithologicel units
(Raqvi 1973). Results of aercmagnetic surveys conducted over
parts of Dharwar schist belt, (westeryn side of Karnataka covering
some schistose formations)by NGRI (Achyuta Rao 1974), indicated
that, generally, major magnetic anomalies are found to coincide
with schistose formations (gresnstone horizons) while the
peninsular gneisses presant a featureless magnetic picture.
Further the magnetic anomalies over the Kudremukh iron formation
situsted in northeast of Mangalore are ascribed to large
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magnetite~guartzite bodies having a great depth extent. The
magnetic picture with series of magnetic ‘lows' aligned in an
cagt~west dircction ou the north of Gangamula (rortheast of
Mangalore) indicated the possibility of e fault. These results
further confirmed the faoulted nature of the west coast. Similar
results are obtained by the author fron ¢ravity datu on profile
AA' (Pig. 8). [PMagnotic picturc on the west coast also show
that the onaraly 48 associoted with the shelf edge.

She results of geophysical studies over tho Deccan trops
which form tho northern part of the Karnataka region and beyond
wags studied in dotail by Kailasam et al., (1972, 1976), Cuha
ot 81, (1974) and Rrishna Drahmom (1975). The thickness of
the trap rocks was found to be about 1,5 km f£rom the above
investigation which is almogst the game ag that detormined by
the author (Fig. 15).

Heat flow measurements & Kamatm

Terrestrial heat flow studies were being carried out by
NORI (Verma et al., 1969) since 1962 and Kolar Gold Field in
Karnataka region is one of the arsas where such measurements
have been carried ocut, The results showed that the southern
shield is characterised by low values of the order of 0.7
meal/cm sec. In the region of Kolar Gold Field the low value
of heat flow is assoclated with negative Bouguer anamaly of the
oxder of -80 to ~-90mgals. CGlikson (1976) interpreted the low
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heat flow values with the greenstone belts of western Australia
in terms of a transiticn with depth into granites and/or
gramilites. %he some analoegy could be applied to the Precambrian
rocks of Karnataka to explain tho low heat flow values over

the Kolar schisto of Karnataka as the composition of ocut€ropring
Kolcr achist and granulites do not differ much at dQeuth

{(Divekar Roo ot al., 1976)., Tho above rosultso provide also

soma explanation to the negative gravity ancmalics over tho

schista,.



Chapter V

INTERFPRETATION OF RESULTS AND RELATED DISSUSGIOR

An attempt has been made to interpret here the results
cbtained from different sources of information collected in

course of the pregent work,

Free air anomalies generally reflect the topography in this
region.

Tho Bouguer gravity anomaly map shows that the Karnataka
area is characterised by negative anomalies, which i3 normal on
a continental crust, However, the strong negative gravity
anomalies over the dsnser Precambrian rocks of the Karnataka
craton shows that the anomalies can possibly be attributed
partly to a deeper source. The magnitude and gradients of the
Bouguer anomalies, which are different in the northern and
southern portion of the region, cannot be explained by topographic
variations or from the surface geology. The gravity ‘lowa‘' of
the order of -70 to -80 mgal obtained over the Deccan Traps,
whose thickness i3 about 2.0 km, cannot be attributed to trap
rocks. Ths nagative anomalies obtained may in all probability
be due tO desper crustal masses or to depth variations at the
crust-mantle boundary. Negative gravity anomalies need not
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necessarily be on account of nass ceficiency of the upper crust
(see Muller, 1970) and in this case their cause may be 4in all
4in probability be soucht beneath traps and within the crystolline

basaant.

The prevalent negative pougoer anomalies over the comparatively
dengoxr Archaean rocko, osuch as Dharwar schists and charnockites
of this area, suggests that it is comprised of two coffects, vig.,
deep~-seated (regional) and local or surficial.

Isostatic anonmalies are also, in general, megative in
this region, different and lescer in their magnitude than those
of Bouguor anomalies. The gravity lows obsorved over tho schistose
formationg moy be due to granites Qndarlying the schists.
wantitative estimate of the poosible causative bodies is attempted
from gravity data. In profile AA*' between Coa and Bellaory.
intense magnetic anomalies wore obtained over the iron ores of
bDharwar and Dolerite dykes between Hospet and Dellary. Sincce the
schist rocks are weakly magnotic, the magnetic anomolico obtadned
over then: can be attributed to the surrounding effects or
underlying magnetite rich rocks. The variation in the determined
thickness of the schista and the granites possibly explain the
differences in the gravity amx! magnetic snamalies over these
formations. The Bellary granite 1s moderately magnetic with
susceptibility °K' value of J.xl0°3 C.G.8. units and its
magnetism is possidbly due to the mafic fronts in the Clospet
granite (Bellary granite),
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“he gravity profile BB' which runs €rom Bhatkal to Pavagada,
approximately along the l4th parsllel, was interpreted
quantitatively as composed of the schist rocks and traps with
varying thickness. Small susceptibiiity contrast in the trap
rocks yield weak magnetic anomalies in this profile. MHinor
magnetic anomalies obtained over the homatite quartzite may be
due to dominance of nonhagnetic quarts content in the rock.

Profile CC* which runs from Mangalore to Betmangla d4d not
give any pronounced gravity ancmaly over the charnockites possibly
due to lack of density differentiution betwean the charnockites
and country rocks (gneisses) in this region. The gravity values
show o rise in the anomaly over the gmneissea which may poaaibly
ba cdue to heterogeneity in the gneissic rocks at depth. Even
the magnetic anomaly exhibited hicgher value in thia profile which
further indicates that the peninsular gneisses in this area are
heterogeneous ané more magnetic at depth. The nature of the
magnetic anamnalies over the gneisses may suggest that the magnetism
was acquired by the peninsular gneisses under different physico-
chamical conditions.

The results of analyses of different gravity arnd magnetic
profiles indicate the possible charnockitisation and granitisation
of the country rocks, viz,, peninsular gneisses, with changing
physical charecteristics as a result of variations of pressure
and temperature conditions at depth, and the densities and suscep-
tibilities of thess three formations owerlap each other,

Tha profile D' indicates that the gravity ancmalies, vis,,



Free-air, Bouguer and Airy-Heiskanen (T=30 km) are in all
probability due to the lighological changes within the rock
formations. The inferred geciogic section from gravity ancmolies
indicates that the maximum thicknoss of the Deccan traps is

2.5 km and thot of Kaladgic is S km, The ochist rocks vary in
thickness from 1 to 1.5 ki and the maximum thickness of granite

is 4 km. The gravity data, neor Hanjangud further indicate possiblo
occurrence of a geologic body et a depth of about 0.5 km with a
width of 2 km and a thicknoao of cbout 1.5 knm,

A comparison of the Douguer ancmaly mop of the region with
tho metaporphic terrion map of the samo shows no noticeable
correlation. However, a rice in gravity values (gravity moaximo)
approximately coincides with the isograd demarcating the high
grade Charnockites as observed by the author (Aravamadhu et al..
1970) and also by Qureshy (1964). Correlation with airy-Heiskanen
{T=30 )km) anomalies clarificd the above obssrvation in that there
is an increase of isostatic ancmalies towards positive values
from north to gouth in the glatem. The regional background
magnetic anomaly varics from 11,400 gammas to 7,000 gammas from
the magnetic profiles AA' to CC*', It indicates that the depth
to the basement producing the magnetic anomaly increases as one
proceeds from north to south and the magnetic anomaly, produced
by the high grade granmulites and charnockites, predominate at
the surface. Thus the gravity and magnaetic ancmalies give a broad
and general relationship with the metamorphic rocks.
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There is practically no aignificant correlation betwoen
the isostatic anomalies and the tectonics of the xagion while
the uouguer anamalicva ghow & broad correlation with the latter,
Certain geclogicul postulates such as the tilting of the
peninsula and the possible existence of the grabens in gsome
areas in Karnatoka coy De correleted with the BDoucuer ancmaly,
The possible presence or abgence of the major faults in tho area
are indicated., Both the donaity and magnetic susceptibility
'K* values of the rocks collccted in this rogion supported the
ficld observations lecading to some legdcal conclusions,

Last but not tho lcasgt fnmportant is the petrographic
study of tho rocks which 4o neceassory for thoe physical concopt
and bearing on the geophysical anomalies. The presence of
anphiboles, pyroxenes as a rasult of high grade metamorphiso in
some of the rockas of scuthorn parts of the Farnatalia sugoests
the possible causea for relatively higher magnetic cnomalies
over them. The association of quartz, chlorite, phlogopite,
in Dharwar limestones and in metamorphosed limastone, garnet,
comnmingtonite, rhodonite suggests the reasons for their higher
density andi gone times mugnetism exhibited by them,



Chaptar VI

SUMMARY AND CONCIUSIONS

l. According to the views of earliocr workers, the Mysore
plateau is considered as an intogral southern part of the
Indian shield made up largely of Archaean gneigssose and schistose
rocks with a varicty ©f associated intrusive rocks. The grade
of metamorphism of the Dharwar schistose rocks increases
southwards in the Karnataka region. Adjolining and surrounding
these rocks oare gnelsses, called Poninsular gneiss and granites,
which occupy & large part of tho area., The other rock formations
in this region are banded ferruginous guartsites, metabasalts
and patches of ultramafics, etc, Prevalont types of dyke rocks
appearing in this area are of epidiorite, dolerite, quarte-
dolerite and oliviune-dolerite. It is believed that some of the
younger granites like the Closepet granites were dexrived from
the country rock (Peninsular ¢gneiss) by palingenesis and

matasomatism -

2. Dharwar Iron-ore bearing region of Mysore Province forms
one of important tectonic subdivisions of Peninsular India. The
Iron-ore Province occur as sub-parallel linear belts within
the peninsular gnelsses and granites. The strike of thesse belts
varies from NWW-88E to NNE-SSW. The dominant structurel elsments
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in these belts are the northward plunging isoclinal synforms
whose axes are steaply over-turned to the east or west, In
general, the N-S, NNW-SSE and NNE-SSW axes of Dhazwar folding
panss into or are parallel to the northerly trending croas-fold
axes within the other tectonic provinces. The Closepet granite
forms a N-8 trending linear belt between the Chitaldurg schist
belt in the west and the detached Kolar belt in tho eust.
Deformation and orogenic uplift of the Dharwar cecsyncline about
a -8 axial trand by forcea dominantly £rom cast end west not
only resulted in several R-3 trending Dharwar fold mountuins, but
it has also cross~-folded the rocks occurring in other belts on
the north and south of the area.

3. Gravity data collected by ll.C.R.I., ond other agencies
such as survey of India, 0.H1.C.C., Hawail Institute, werc stancdardised
to a common dutum and the standardised dato has been utilised in the
preparation of Free-Alr, Bouguer and isostutic (Airy-Heiskanen)
ancroaly maps of the Karnataka area., Cravity and slso magnetic
data were collected fran the area along three profiles taken
from west to east of the area: (1) Coa (Panaji) to Bellary,
(2) Bhatkal to Pavagada and (3) Mangalore to Betmangala, Density
and susceptibility measurements of the rock samples such as
gneisses, schists, granites, dyke and trap rocks, etc., collected
at certain intervals along the three profiles, were made in the
laboratory. Purther one gravity jrofile, taken in NW-SE direction

on the plateau, was constructed from the three gravity maps,
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viz., free-air, Bouguer and igogtatic anomaly maps.

© - - 4. Analysis of the free-sir map showed that the plateau is
approximately in a state of isostatic equilibrium., The Bouguer
ancmaly map of the region congists of negative anomalies which,
of course, is to be expected in the continental zones, However,
the indicstion of strong nagative anomalies over tho denser
Precarbrian rocks of Karnataka cun perhaps be explained by some
deeper source as neither the topography nor surface geology of
the region could satisfactorily explain totally these anomalias.
varicus suggestions were put forward to explain the graovity ‘low!
over the Deccan traps whose thicknoss 1s small. The consistently
nogative Bouguer anonalies over the Archaean rocks such as Dharwar
schists and charnockites of this areu guggest that the ancmalies
are comprised of two effects, viz., deep~scated (rogional) and

local.

5. The Adry-Heisnanen anomaly with o crustal thickness *'T*
equal to 30 km, also shows negative bias but the order of values
is less. Iscatatic anomalies, can be treatced as residual
anomalies which reflect the gravity effects of local geologic
bodies. The gravity *lows® over the schistose formations may be
due to the pressure of some subsurface granite bodies underlying
the schists,

6. (uantitative estimate of the causative geologic bodies
was made from the gravity data obtainod from the three Bast-West
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anxi one NortheWast to South-East gruvity ijrofiles, Making use of
the density values of the recks measurcd in the laboratory,
structure of the upper part of the cruast was determined froum
the four different profiles.

7. 1In profile AA', it has been obgerved from the quantitative
study that tho schistose rocks vary in thickneas from 4 to 9 km
and the thickness of the gronites vury fxom 4 to 6 km, 9he granite
near Belloary ia found to be in tho form of & 'T' ghaped batholith.
Analysis of the magnetic data along the profile AA' revesled
intense magnetic ancmalics over the iron ores of Dharwar and
Golorite dykes between Hogspet and Bellary. The magnetic anomalios
obtained wer the schistose rocks are possibly due to some
surrounding or underlying rocks rich in magnetite, Granites gave
a comparatively hich magnetic relicf and the magnetism may be
attributed to the magnetic minerals in the Closepet ‘ granite.

8. oQuantitative estimates along profile BB' showed that the
schistose rocks vary 4in thickness from 2 to 4 kmy; trap rocks
from 0.5 to 4.0 kmy and the maximum thickness of Pavagada
granite is found to be about 8.5 km. The outline of the granite
body is partly 'T* shaped. Analysis of the magnetic anomalies in
this profile suggests that the ¢gneisses and schists show high
magnetic values. Small susceptibility contrast in the trap rocks
y.‘;old weak magnetic anomalies, Minor magnetic anomalies obtained
over the hematite~quartsite are attributed to weakly magnetic
susceptibility of the rocks.
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9. In profile CC*, charncckites 4id not indicate significant
gravity anomalies dQue to possible lack of density variation
between the charnockites and the ¢gneisses in this region. A rise
in ancmaly over tho gneissis is possibly due to heterogeniety of
the rocks at depth. The interpreted geologic section from the
gravity dota in this profile reveals that aschistose rocks occur
in indifferent dome-like patchos with their thicknesses varying
from 0.5 ko to 2 km. Tho inferred granitic body is dome-shaped
with a maximum thickness of about 6 km, Also the gneisses
exhibited higher magneotic anomalies 4in this profile which further
indicates that the peninsular gneisses in this area are hoetero-
genecus and more magnetic at depth. Dyke rocks gave weak magnetic
ancmalies, lModerately intengse magnetic ancmalies have becen

observed over the granites.

10. %he nature and magnitude of the magnetic anomalies and
their variations over the peninsular ¢gneisses suggaat that they
acquired magnetism undex different physico~chemical conditicns.
Further it may be noticed that the inferred thickness of the
schistose rocks decreases as One proceeds in the direction north
to south of the region from 9 km to 2 km respectively. This
suggests that the depth to the basement decreases from north to
south. But since the magnetic anomaly does not indicate shallow
basenment, either the schistose rocks are gradually yreplaced by a
meterial which is more magnetic and possibly composed of lighter
substance as one proceeds from north to south or the basement
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matericl is brought tu a higier level after undergoing changes

in its physical properties as a result of changes in pressure-
temparature conditions at depth. This suggests that reworked
material of the basement with altered physical properties must

have been brought from depth as one approaches from north to

south of the ploateau. This has been corroborated from the
combined onalysis of heat flow and grovity date at Kolar. Thus,

the gravity and magnetic studics provide some understanding

of the possible physical chenges at depth and the crustal evolution.

1l. F&u:th gravity profile, DD’, extending NW-SE and following
more or less the structural trends of the Karnataka rocks, indicated
naximum thickness of the trap rock (2,5 km). It further revealed
the possible intrusion of a major dyke rock at tlanjangud.
Correlation of gravity map (Bouguer anomaly map) with tectconics

confirmed the existence of gsome major faults and grabens.

12. Laboratory measurcments indicated that the schistose
rocks are generally denser than gneisscs arkl granites, The
magnetic susceptibility values of gneisses, schists, and granites
indicated that they are moderately high.

13. Although the Deccan Traps which are covered by several
geophysical surveys relate to the traps existing on the northern
side and bcygggfggg;h of the Karnateka region,ttey provide valuable
information on their tectonics. The gravity ‘lows' over the

Kaladgi in the northern part of the region was interpreted to be
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due to the probable pressure of a graben.

14. The metavolcanics of Dharwars are charactorised by low heat
flow values amxi negative gravity anomaly values over the achist
rocks at some places ipndicate the possible existence of granites
at depth.

The results of geophyaical studies carried cut over the
Precanbrians of Karnataka compare well with the results cobserved
over the Precanbrian rocks of western Australia as mentioned
in earlier chapters. This indicates the possibility that shield
areas in the world possess identical characteristics,
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