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Abstract: The present study indicate that the copper mineralization in the area is of the nature of 

scattered sporadic occurrences of narrow lenticular and impersistent stringers and veins of 

copper-ore in vein-quartz and pegmatite traversing the amphibolite and garnetiferous mica schist 

country rock. The old workings for copper ore at Garimanipenta, which had a checkered history 

since early times, are based on oxidized zones containing malachite, azurite and some chalcocite 

in pegmatite rock and quartz veins. The previous reports of high copper content of the lodes 

obtained from the shallow old workings relate to oxidized supergene material, mainly quartz and 

pegmatite rock, coated profusely with malachite. The association of supergene malachite and 

other oxidized copper minerals in pegmatite rock in the area is also a very unfavorable 

indication, as the pegmatite is generally the root-zone of metalliferous hydrothermal veins.  

 

 

INTRODUCTION 

 The old copper working near Garimanipenta, Nellore district, Andhra Pradesh, was first 

reported by Hyne [5].  The workings and geology of the area were subsequently studied by   

Anon [1], King ([10], [11]), Roy and Vinayak Rao [19],  Sen Gupta [21], Pascoe [18],  Kannan 

([8], [9]),  Kameswara Rao and Mahadeven [7], and Krishna Rao ([12], [13]). 

Foote [4] recognised massive gneisses and schistose gneisses and considered the former 

group of rocks to be of mtamorphic origin, showing similarities with the gneisses of Madras, 

Arcot and Tiruchirapalle districts of South India.  King [11] recognized massive red granitoid 

gneiss, massive grey synetoid gneiss and schistose gneisses.  He reported the mining operations 

of copper ore carried out around Garimanipenta and the old workings of copper ore around 

Gogulapalle.  He also reported the occurrence of transition rocks of Cuddapah age, trappean 

rocks and granite veins.  He considered the massive granitic gneisses to be older than the 

associated schistose gneisses. A number of later workers, including Holland [6], Fermor [3], 
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Pascoe [18], and Krishnan ([14], [15]) discussed the age relations of the rock formations of 

Nellore district. The present investigation has been taken up to the petrological study of rock 

formations, copper ore minerals present and their by to suggest an origin of the ores.  

LOCATION 

Garimanipenta, falling between Lat 14 50' and 15°3' North and Long 79°30' and 79°40' 

East. The area falls within Udayagiri and Kavali taluks of Nellore district. The occurrence of 

copper ore in the vicinity of Garimanipenta (14°54'30":79°33'10") in Nellore district, Andhra 

Pradesh, has been known since 1800 and prospected from time to time by a number of private 

enterprises, who eventually failed to locate any massive copper ore body of economic value in 

the area (Fig.1). 

�

Fig.1: Location Map of the Study Area 
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GEOLOGY AND STRUCTURE 

The regional strike of the rocks as well as the strike of foliation and banding in the 

gneisses and schist’s is NW-SE in the major portion of the area. The dips vary from 50°-70° and 

are predominantly to the SW in the major portion. The quartzites, amphibolites and other marker 

beds are so highly contorted and disrupted within the gneissic and schistose formations, that it is 

extremely difficult to make out any definite structural pattern. In addition to the general regional 

strike of foliation and banding, there is noticed much contortion in the foliation. Ptygmatic 

folding is often noticed in veins and layers of granite, pegmatite and vein quartz within the 

gneissic rocks. The general regional structure of the belt can be made out only after the 

completion of the mapping of the surrounding areas. The contorted foliation, ptygmatic folding, 

dextral and sinistral undulations in the strike of the quartzites, amphibolites and other marker 

horizons seem to indicate features of flowage folding characteristic of deeply buried segments of 

Archaean terrains. There are no prominent structural features in the vicinity of the old copper 

workings near Garimanipenta. 

METHODS OF STUDY 

 Sixty two specimens representing various lithologic units were collectd and an equal 

number of thin sections were made for mineralogical and petro graphic descriptions by using 

Leitz petrological microscopes and modes of various rocks are determined on Lietz 6-spindle 

integrating stage. The birefringence of the minerals was determined by computing thickness of 

the grain comparing with that of quartz or plagioclase grain. Polished mineral (Ore) mounts have 

been studied under ore microscope. 

RESULTS AND DISCUSSION 

 The general geological formations in the area comprise Archaean gneisses and 

schists, traversed by lenticular bands of amphibolite and hornblende granulite, crystalline 

limestone and calc-gneiss and quartzite, are injected with pegmatites and vein-quartz. The 

general country rock is predominantly a garnetiferous mica schist or schistose gneiss. This is 

intermixed with layers and bands of granite, granitic gneiss and coarse pegmatite. The 

amphibolite and hornblende granulite appear to be metamorphosed basic intrusives injected into 

the original rocks as sheets, sills and dykes, but now occurring as lenticular bands due to 

subsequent deformation. The quartzites, crystalline limestones and calc-gneisses also occur as 

249



D.B. Sankar and K.S. Sai Prasad�

lenticular bands following the general foliation and banding in the gneissic country rock. These 

are meta-sediments associated with the schistose rocks of the area.  

PETROGRAPHY 

Garnetiferous mica schists and gneisses: The area is occupied mainly by garnetiferous biotite-

muscovite schists and schistose gneisses. These vary from coarse to fine grained and are highly 

foliated, schistose and granitised. The foliation and banding in the schist’s and gneisses are 

highly irregular and contorted due to much flowage of the rocks. Biotite, muscovite and garnet 

are the most common constituents, in addition to feldspar and quartz, and the rocks grade from 

pure schist’s to highly schistose gneisses and granitic gneisses. Thin sections of the rock show a 

modal composition of 20% biotite. 15% garnet 25% quartz 25% orthoclase, 10%  plagioclase, 

and upto 5% magnetite. Muscovite-rich schists have modal composition of 25% muscovite, 15% 

biotite, 30% orthoclase, 20% quartz, and 10% plagioclase, together with some opaque minerals. 

The rocks show xenoblastic gneissose to schistose textures with grain size ranging from 0.20.8 

mm to 1.5-2.0 mm. 

Amphibolites and hornblende granulites: The basic metamorphic rocks in the area include 

amphibolites and hornblende granulites, which locally grade into hornblende schist’s. These 

occur as lenticular bands and irregular zones within the garnetiferous mica schist’s and gneisses. 

These rocks are coarse to fine grained, massive and sometimes boulder in appearance, and 

generally dark greenish black in colour. Microsections of the rock show granoblastic to 

nematoblastic textures with a modal composition of 50% hornblende, 45% plagioclase and 5% 

magnetite, and a grain size of 0.15 mm. to 0.25 mm. The proportion of hornblende and felsic 

minerals varies from place to place. The amphibolites occur as lenses in the country rock 

following the foliation planes and also as cross cutting lenses. The general strike of these bands 

varies from N. 30°W. to N.60°W. and the dips are about 60°-70° to the south-west. The 

amphibolite and hornblende granulite associated with copper deposits near Garimanipenta are 

mostly massive lenticular bands. 

Crystalline limestone: Two narrow impersistent bands of crystalline limestone, 20-60 feet in 

width, and exposed over a distance of about 200-300 feet are noticed. The limestone is white in 

colour and fine grained, with grain size between 0.3 mm. and 0.5 mm. Micro sections of the rock 

reveal only the presence of calcite showing good rhombohedral cleavage, with complete absence 

of calc-silicate minerals. 
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Quartzites: Quartzites occur as lenticular bands, much contorted and drawn out amidst the 

gneissic rocks in the area between Garimanipenta in the north, and the Kaligiri- Vinjamur road in 

the south. The quartzites are highly resistant and stand up as prominent ridges and hillocks in the 

area. The quartzite bands are folded and contorted into dextral and sinistral pattern of drag folds. 

The general strike of the quartzites varies from NW-SE to N-S and the dips are 50
o
-60

o
 towards 

the east. The bands along the northern side of Pillaperu River near Valigandla strike east-west 

and dip southward. Two sets of joints are noticed striking N10°E and N85°W. The quartzites are 

very coarse grained, sometimes micaceous and are highly recrystallised, resembling quartz reefs.  

Pegmatites and quartz veins: Pegmatites and quartz veins are found throughout the area 

penetrated into the gneissic country rock generally following their foliation planes. They are 

mostly exposed in river sections, streams and nallahs. At some places, they are impregnated with 

copper ore, now indicated by malachite stains. They are occasionally micabearing and are being 

mined for white mica half-a-mile east of Garimanipenta village. 

MINERLOGY OF ORES 

 Malachite is the predominant ore of copper found in this area.  Other ore minerals which 

are found in extremely sub-ordinate amounts included chryscolla, azurite, chalcopyrite, bornite 

and chalcocite ([12], [13], [21]).  The minerals found in association with copper ore include 

quartz, hematite and magnatite. 

Malachite is bright green in color with pale green streak.  It shows silky, vitreous, or dull 

luster.  It is non-opaque and is biaxial negative with an optic axial angle of 43
o
.  The mineral is 

found to form by cutting relict hematite in a criss-cross fashion (Fig. 2).  Sometimes malachite 

shows twin veins of limonite shooting into the mineral along cleavages (Fig. 3).  

Chrysocolla is sky-blue to turquoise blue in colour with white streak.  It shows botryodial 

and spherulitic structures.  Azurite shows an azure-blue colour with a light blue streak.  It is non-

opaque and is biaxial positive with an optic axial angel of 68
o
.   
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Chalcopyrite occurs in close association with pyrite, bornite and chalcocite.  At some 

places it is seen to alter into malachite.  The mineral is non-opaque and shows a pale brass 

yellow colour under ore-microscope.  It feebly anisotropic and is easily scratched by needle.  The 

mineral is scare around the old workings of the study area.  Bornite occurs in extremely small 

amounts in close association with chalcopyrite as a primary sulphide mineral.  Its colour is 

pinkish-brown on a fresh surface but presents an attitude of iridescent colors on account of 

tarnish.  The mineral is opaque and is isotropic.  It presents pinkish internal reflections. 

252



Petrology of Garimanipenta ………….. 

�

Chalcocite is also occurs in extremely small amounts as a primary sulphide mineral in 

close association with chalcopyrite.  The mineral is also opaque and shown a light grey colour 

with bluish ting under the microscope.  It is easily scratched by needle and shows moderate 

anisotropism.  Krishna Rao [12] recognized two generations of copper ore, one occurring as 

relict inclusions in the primary minerals chalcopyrite and bornite and the other occurring as a 

secondary mineral in association with malachite and hydrated iron oxides.   

Idaite mineral was first reported by Krishna Rao [12] in the specimens collected nearby 

Garimanipenta village.  He observed the mineral to occur as thin films around grain boundaries 

or as thin flakes along cracks of bronite. The colour is reddish-orange and could be distinguished 

from the red colour of the bornite.  It has higher reflectivity compared to bornite but less than the 

chalcopyrite.  The mineral is strongly pleochroic in greens.  The anisotropism can be described 

as enormous. The pleochroism and anisotropism are enhanced when observed under oil 

immersion. 

Iron-oxide minerals like hematite, magnetite and limonite occur in close association with 

malachite in many localities (Fig. 2 & 3).  These minerals are presumably formed by the 

breakdown of the primary chalcopyrite under supergene conditions.  Different varieties of 

hematite are noticed.  One variety is represented by a hard compact steel grey colour.  Second 

variety is represented by red ocherous type of mineral, which soils the fingers.  A third variety is 

represented by secular, which shows a micaceous habit.  It is possible that some of the grey 

varieties of hematite can be mistaken to chalcocite and red varieties to cuprite.  Hematite shows a 

light grey colour with a bluish tinge under polarized light.  Magnetite is strongly attracted by a 

hand magnet.  It shows a light grey colour with bluish tinge.  Unlike hematite, it is perfectly 

isotropic.  Limonite, which is often found to cut malachite, shows an orange internal reflection.  

Wall-Rock alteration: Evidence of prominent wall-rock alteration around copper ore bodies is 

lacking at most of the places.The products of wall-rock alteration include sericitization and 

kaolinization of feldspars, change of colour of feldspars from grey to pink, chloritization of 

biotite, formation of biotite at th expense of garnet (Fig.4), formation of talc and tremolite (Fig. 

5) and the formation of abundant liquid inclusions (Fig.6).  The nature of minerals formed during 

wall-rock alteration suggest that the ore bearing solutions that resulted in the primary copper 

sulphide ores are formed under low temperature conditions corresponding to the pressure 

temperature conditions of green schist facies. 
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ORIGIN OF COPPER ORES  

The copper mineralization is of the nature of the scattered and sporadic occurrences of 

steeply plungiing narrow lenticular and impersistant stringers and veins of copper ore.  The 

available evidence indicates that the ore deposit at chamadala was formed originally as an 

epigenitic sulphide deposit formed under hydrochermal conditions.  The presence of relict 

sulphide minerals such as pyrite and chalcopyrite, and the constant association of the 

mineralization with quartz veins the association of mineralization with acidic rocks and rocks of 

low grade metamorphism and the absence of Pyrrhotite-pentlandite group of minerals support the 

contention that mineralization took place under hydrothermal conditions.  The weathering of the 

sulphide deposit under the climatic conditions prevalent at the site of mineralization resulted 

mainly in malachite.  The familiar type of supergene enrichment discussed by Emmons [2], 

resulting in gossan, zone of oxidation and the zone of secondary sulphide enrichment are not 

expected to be formed by the weathering processes of the copper deposits in Nellore district.  

The observation denotes that malachite can directly form at the expense of chalcopyrite rule out 

any possibility of solutions rich in copper migration to a level below the water table and result in 

the precipitation of secondary copper sulphides.  It is therefore expected that the copper deposit 

which is represented mainly by malachite can only give way to the primary copper sulphide ore 

at depth.  It is expected that the grade of the ore body will gradually decrease as one trace the ore 

body from the oxidized ore to the primary sulphide ore.  It is believed that no genetic relationship 
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exists between copper mineralization and pegmatites although in many cases they are spatially 

related.  The close relationship between copper ores and pegmatites can be explained on the 

assumption that when the rock formations were subjected to faulting and fracturing to give way 

to the upward migration of copper-bearing solutions, the brittle pegmatites are the first among 

the rock formations to yield to such movements.  Martin et al., [17] explained the hydrothermal 

model, in which he stated that most of the metals were derived from deep seated sources, 

transported upward by hydrothermal fluids and precipitated by thermo -chemical reduction of 

sulfate due to interaction with the sulfur bearing organic matter and the pyrite.   It is more 

reasonable to trace the origin of the copper bearing solutions that gave rise to the Garimanipenta 

copper deposits from the magma that gave rise to later intrusive rather than from the residual 

magma that produced the Nellore granitic pegmatites. 

Metamorphism of copper deposits: Studies on the paragenesis of copper mineralization in this study 

area has revealed that the Garimanipenta copper deposits are closely associated with Nellore granitic 

pegmatites and are formed after the consolidation of the pegmatites.   According to Holland [6], 

economically useful mica can only be expected from areas which have escaped all tectonic movements 

after the formation of muscovite in the pegmatites, “ for, mica, being the most delicate, is amongst the 

first of rock constituents to suffer deformation from crustal disturbances”.  It is, therefore, concluded that 

the Garimanipenta copper deposits, which are younger than the Nellore granitic pegmatite, must have also 

not been subjected to metamorphism and to tectonic movements.  If the contention that the copper 

mineralization has been controlled by the minor fractures and faults that disturbed the pegmatite and 

associated rocks is accepted, it can also be argued that faulting and fracturing have also not affected the 

Garimanipenta copper deposits. 

            Krishna Rao ([12], [13]) reported the occurrence of idaite as thin films around grain 

boundaries or as thin flakes along cracks of bornite. He considered that occurrence of idaite to 

have formed at the expense of bornite as a consequence of metamorphism of the copper ores to a 

temperature of 400
o
C. Accepting that idaite really occurs in Garimanipenta copper ores, its 

formation can be better explained without resort to metamorphism.  According the Schouten 

[20], idaite can be formed by the lamellar transformation of bornite by initial weathering and the 

same explanation my hold good even in the present case.  Even if it is accepted that idaite has 

developed at a temperature of 400
o
C. The occurrence of idaite in the form of thin flakes or films 

preclude the possibility of its formation under conditions of progressive metamorphism; for, a 

mineral formed during progressive metamorphism generally develops into fairly big crystals 
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leaving a few or no relict grains of the host mineral.  The best explanation to account for the 

formation of idaite is to consider the primary copper minerals to have formed at a temperature 

higher than 400
o
C and idaite to have formed at the expense of bornite at 400

o
C during the 

cooling history of the ore deposit [13]. 

 From the available information on the Garimanipenta copper deposits, it is concluded that 

these ore deposits were not subjected to metamorphism or to tectonic movements. 

CONCLUSIONS 

 The rock formations in the copper bearing areas (Garimanipenta) of Nellore district 

belong to the Precambrian era and consist of Eastern Ghats’ metasediments, and granitic 

gneisses, Nellore granitic pegmatites were involved in an orogeny referred to as the Eastern 

Ghats’ Orogeny.  The waning phase of the Eastern Ghats Orogeny is marked by the 

emplacement of granitic-pegmatite magma resulting in the formation of Nellore granitic 

pegmatites.  Subsequently there was minor emplacement of basic magma which resulted in 

minor intrusions.  Hydrothermal solutions carrying ions like silicon, copper, iron and sulphur, 

presumably separated from the basic magma that gave rise to younger intrusive, migrated 

upwards and deposited along fault zones, shear zones and fracture zones developed in older 

rocks, such as amphibolites, biotiteschist, and pegmatites, to result in the Garimanipenta copper 

deposits.  

 The primary copper mineralization in the study area was represented by copper sulphide 

minerals, such as chalcopyrite, bornite and chalcocite.  From the association of copper minerals 

with quartz and pyrite, and the absence of pyrrhotite and pentlandite group of minerals and the 

development of minerals like biotite, chlorite, sericite kaolin and talc as products of wall rock 

alteration, it is suggested that the primary deposit is an epigenetic deposit formed under 

hydrothermal conditions.  The weathering of the primary sulphide deposit has resulted in the 

development of malachite (rerely azurite) in the zone of oxidation. 
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