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Parallel to the Krishna river course, a set of ENE to 
WSW trending brittle–ductile shear zones affecting 
the Neoarchaean pink porphyritic granite remains 
athwart to the NW–SE tectonic fabric of the Eastern 
Dharwar Craton (EDC) in Raichur and Gulbarga dis-
tricts, Karnataka, India. These zones are not only 
manifested by intense mylonitization, brecciation and 
fracturing, but also witness several episodes of mafic 
and felsic intrusions. At Machanur, Raichur district a 
5 km long and 400 m wide shear zone hosts copper, 
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gold and REE mineralization both in specularite-rich 
hydrothermal veins and as disseminations within the 
dolerite dykes. The mineralization is associated with 
well-developed zones of hydrothermal alteration in the 
form of propylitization, carbonatization, epidotization 
and silicification with patches of strong iron-staining 
and fracture-filled iron solution dominantly in the 
footwall side. Due to similarity with many iron oxide–
copper–gold-type deposits, this prospect in Machanur 
is interpreted as iron oxide–copper–gold-type miner-
alization. 
 
Keywords: Brittle–ductile, hydrothermal alteration, ore 
deposits, mineralization, shear zones. 
 
RELATIVELY recent categorizations of iron oxide–copper–
gold (IOCG) ore deposits have attracted the attention of 
exploration geologists around the globe. Due to its poly-
metallic nature and huge resource, it has become an im-
portant class of economic deposits. The IOCG classes are 
globally characterized by high tonnage and low-grade 
ore, and vary in age, size, host rock, alteration associa-
tions, geochemical signature and physical properties. The 
giant and famous IOCG-class Olympic Dam deposit  
(Cu–Au–Ag–U–REE) discovered in 1975 in South Aus-
tralia is the world’s fourth largest Cu, fifth largest Au and 
the largest U deposit1. In India, Cu–Au mineralization in  
Palaeoproterozoic Salumber–Ghatol belt, Aravalli Super-
group, Rajasthan2; Cu deposit (IOCG) at Thanewasna, 
Western Bastar Craton, Central India3, and Jaduguda U–
(Cu–Fe) mineralization4 are considered as IOCG-type 
mineralization. 
 The Eastern Dharwar Craton (EDC) lying east of the 
Gadag–Mandya Shear Zone and the Closepet Granite is 
considered to represent the Dharwar batholith because of 
the prolific 2.5 Ga calc-alkaline granitic magmatism5. 
Several occurrences represent granitoid-hosted copper 
mineralization in the granite–greenstone terrains of EDC 
as Thinthini, Machanur, Malatgud Kallur, Gogalgatti and 
Yegavakota. The mineralization at these localities is 
mainly cavity-filling, epigenetic hydrothermal-type6. The 
Machanur mineralization in Raichur district, Karnataka, 
India is a promising base-metal prospect occurring within 
the mylonitized pink granite having intrusive relationship 
with the well-known Hutti–Maski schist belt7. The present 
communication reports Fe–Cu–Au mineralization in 
Machanur, possibly corresponding to the IOCG-type in 
EDC. 
 Regionally the area forms a part of the EDC consisting 
of granite greenstone ensemble of Dharwar Supergroup 
(2600–2800 Ma). These granites are represented by an 
older grey granite/granodiorite phase and younger pink 
porphyritic phase8. The latter phase is invariably identi-
fied with the 2.5 Ga Closepet type calc-alkaline granite. 
The other lithounits in the area comprise amphibolites, 
minor BIF and pillowed metabasalt occurring as dismem-
bered enclaves of the greenstone belts. Later intrusives 

include dolerite, gabbro, pegmatite and quartz veins. The 
prominent schist belts of the EDC well-known for their 
gold potential are Kolar, Ramagiri, Hutti, Kushtagi and 
Hungund9. The metavolcanic rocks of the schist belts are 
2700 Ma old and are surrounded by 2700–2500 Ma gran-
ite and gneisses with a record of distinct geological histo-
ries10. The entire eastern block of the Dharwar Craton is 
believed to be an accreted terrane and the schist belts rep-
resent terrane boundaries. The contact between the schist 
belts and the gneisses is generally tectonic in nature. 
However, in the Hutti and Ramgiri schist belts, an intru-
sive relation between late phase granite and supracrustal 
rocks has been reported7. The present study area around 
Machanur, lying on the northern proximity of Hutti–
Maski schist belt and along the NW–SE trending Krishna 
lineament comprises dominantly pink-coloured porphy-
ritic granite being intruded by later felsic and mafic dykes 
(Figure 1 c).  
 Mineralization in the study area is confined to a promi-
nent 400–500 m wide brittle–ductile shear zone trending 
ENE to WSW and extending for 5 km. Copper minerali-
zation is confined in the 150–200 m wide central part  
of the shear zone. The foliation in mylonitized pink gra-
nite shows N70E–S70W trend with vertical to steep 
northerly dip. The shear zone exhibits a range of textures 
from incipient cracking, grading, brecciation and  
mylonite suggesting brittle–ductile nature of this zone. 
Within the shear zone minor variation in the dip amount, 
with constant trend suggest development of a flower 
structure. 
 Detailed geological map reveals (Figure 1 c) the pre-
sence of two discrete dolerite dykes. Due to the steep 
northerly dip of the shear zone, the northern dyke is 
termed as hanging wall dyke and the southern dyke as 
footwall dyke. The former is less deformed and altered 
having width ranging from 2 to 5 m. The latter has a 
width ranging from 15 to 25 m and has undergone exten-
sive carbonate alteration, quartz carbonate veining and 
fracturing. Hence it is not certain whether these represent 
two separate dykes as marked in the map or could be one 
dyke separated on the margins of brittle–ductile  
shear zone. Due to low exposure density (15%–20%), 
correlation between various alteration zones becomes dif-
ficult. Although dissemination of pyrite–chalcopyrite is 
ubiquitous in the dolerite dyke, malachite stains associ-
ated with carbonate alteration along with epidote and  
calcite veins are more pronounced in the footwall dolerite 
dyke. The central part of the zone (100–200 m wide)  
witnessed extensive brecciation of the pink porphyritic 
granite and also intrusion of haematite/specularite  
veins containing sulphide minerals. Restricted areas 
within this zone contain S–C mylonite fabric, suggesting 
a dextral sense. Breccia displays a range of textures  
from incipient cracking, grading to matrix-dominated 
breccia, suggesting their development in a brittle–ductile 
regime. 
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Figure 1. Location (a), geology (b), detailed mineralized (c) map of Machanur area, Raichur district, Karnataka, India. 
 
 

 
 
Figure 2. Hand specimens of mineralized zone. a, Malachite stain within calcite vein. b, Malachite-rich quartz vein. c, Alternate specularite and 
calcite layers containing base metal sulphides. 
 
 
 Leached copper is present as malachite stains and en-
crustations confined to the shear planes and joints in 
quartz calcite veins (Figure 2 a and b). The other sulphide 
minerals present in minor amounts are sphalerite and  
galena (Figure 2 c) in the calcite veins. Dissemination 
and aggregates of chalcopyrite constitute the major ore 
minerals of copper, especially in quartz sulphide and 
quartz–calcite veins. It also occurs as stringers, filling 
tiny fractures in the mylonites. Petrographic studies re-
veal that pyrite occurs in two generations, the earlier 
forming anhedral, fractured grains having corroded 
boundaries. Pyrite of younger generation occurs as fresh, 
euhedral crystals and is free from fractures. Chalcopyrite 
occurs both as tiny inclusions within the chlorite and as 

discrete grains within calcite-rich quartz veins (Figure 
3 a). Often anhedral grains of native gold occur as floats 
within haematite (Figure 3 b). At several instances, chal-
copyrite confined to haematite is associated with rutile 
(Figure 3 d). Goethite and covellite are also developed 
along the margins of pyrite and chalcopyrite (Figure 3 c). 
 Presence of intricately associated quartz and epidote 
veins cutting each other and fracture-filled iron hydroxide 
indicate hydrothermal fluid movement in successive 
stages. The oxide minerals present are haematite/specu-
larite with minor magnetite. Specularite commonly  
occurs as fracture-filling veins within the shear zone,  
often forming an anastomosing network and as massive 
concentration or as parallel thin bands. Fracture-filled 
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Figure 3. Photomicrographs of ore minerals and alteration patterns of Machanur IOCG mineralization. a, Multi-
generation hydrothermal veinlets containing pyrite (Py)/chalcopyrite (Ccp) grains. b, Specularite/hematite (Ht) 
veins in fine matrix of granite breccia, the dominant carrier of base metal and gold (Au) minerals. c, Goethite (Gt) 
and covellite (Cv) developing along the margins of pyrite and chalcopyrite. d, Chalcopyrite confined to haematite 
in association with rutile (Rt). 

 
 
specularite is also present in quartz veins and dolerite 
dyke, and is mostly associated with calcite vein. Magnet-
ite is not common, but can be identified as isolated grains 
developed in calcite–quartz veins. Extensive silicification 
of pink porphyritic granite with replacement of silicate 
minerals and anastomosing quartz veining (with chal-
copyrite and pyrite) containing brecciated granite clasts 
are noticeable.  
 Successive phases of alteration are deciphered as  
revealed by early-formed, albite-rich veins traversed and 
offset by later quartz–carbonate veins (Figure 3 a). The 
preliminary study reveals that basemetal and gold miner-
alization is post-sodic alteration as dissemination is 
dominantly contained in later haematite-rich veins (Figure 
3 b).  
 Chloritization is extensive and at places it leads to  
destruction of original texture of the pink porphyritic 
granites. However, appearance of chlorite all along the 
mineralized zone is not of one generation. There are at 
least three generations of chlorite, the oldest phase being 
developed from the alteration of pyroxene/hornblende in 
the parent rock. The latter phase of chlorite is developed 
in late-stage fracture filling of quartz and calcite veins. 
Carbonate alteration appears to have become progres-
sively greater as the style of alteration evolved from 
breccia matrix-type to vein-type. Calcite is also generally 
more abundant in the footwall side of the ore body, often 
partially replacing pre-existing K-feldspar of the granite. 

Carbonate veins (calcite/ankerite) cut across the specu-
larite breccia, indicating that they have formed later in 
the hydrothermal system. Very fine cracks filled with 
haematite, biotite and epidote are interpreted to belong to 
this stage and are recorded up to several kilometres away 
from the main zone. Cross-cutting relationship of veinlets 
observed in the marginal part of the shear zone suggests 
that chlorite–epidote–quartz phase postdates K-feldspar/ 
albite alteration. The distal K–Fe–Mg and proximal feld-
spathized carbonate alteration are not well-pronounced in 
this area2. 
 Signature of intense hydrothermal activity is recorded 
by a set of alteration zones all along the 5 km strike and 
400–500 m width of the shear zone. The alteration system 
evolved through a series of distinct stages, causing a se-
ries of overprints that produced complex mineralogical 
patterns. A classification of alteration and veining prod-
ucts in their order of development is as follows: (1) sodic 
and/or potassic alteration; (2) ferruginization, propylitic 
and sericitization spatially associated with the mineraliza-
tion; (3) carbonatization, and (4) fracturing and quartz 
calcite veining. 
 The earliest alteration produced sodic and sodic–
potassic assemblages are broadly similar to those that 
characterize regionally extensive alteration systems in the  
exposed Neoarchaean pink porphyritic granite. The tim-
ing of this broad alteration pattern is prior to the shearing 
in Machanur area and is possibly linked to syenite/
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Figure 4. Litholog along line AB (in Figure 1) of Machanur IOCG mineralization. 
 

Table 1. Descriptive analysis of alteration zone characterizing basic differences in each zone as noted in the litholog (Figure 4) 

Description  Zone A   Zone B    Zone C  Zone D    Zone E 
 

Width (m) 2–5 80 200 15–25 100 
Host rock Dolerite dyke Brecciated pink granite Mylonitized pink granite Dolerite dyke Brecciated pink granite 
Carbonatization Less Absent High Very high Less 
Silicification Very less High Very high Less High 
Malachite stain Absent Very less Very high Very high Less 
Chloritization Less Very less High Very high High 
Feruginization Absent Less Very high Less High 
Sulphide mineral Very less Less Very high High Absent 
Oxide mineral Absent Less Very high High Less 

 
alkaline magmatism post-Closepet granite (2.5 Ga) intru-
sion. This apparently affected rocks throughout the area 
although later events, especially in the vicinity of the 
shear zone, were too strong to have preserved the potassic 
minerals. K-metasomatized rocks contain orthoclase–
chlorite–epidote with minor quartz and haematite assem-
blages. This stage is superimposed by texturally pervasive 
and destructive replacement of the host rock by  
albite-rich veins and breccia zones containing various 
combinations of fluorite and sericite. 
 Figure 4 provides a description of alteration and 
litholog across the strike of shear zone along line AB in 
Figure 1 c. Table 1 provides details of all alteration 
zones. Zone A – Carbonatization resulting in parallel to 
anastomosing calcite and epidote veins in the deformed 
dolerite dyke. The dimension of these veins widely varies 
from a few millimetres to 10 cm. The width of this dyke 
ranges from 2 to 5 m. However, overall percentage of 
carbonitization is less compared to zone D. The deformed 
dolerite dyke of this zone has disseminated sulphides. 
Zone B – It is characterized by propylitic alteration in 
brecciated pink granite resulting in the development of 
chlorite and epidote possibly derived from hornblende 
and biotite. The foliation in sheared pink granite shows 

ENE–WSW trend with vertical to steep northerly dip. In 
this zone, feldspar in the brecciated pink porphyritic 
granite is usually dull with development of epidote, chlo-
rite, albite and calcite, indicating medium to low tempera-
ture of formation. Zone C – It is mainly specularite-rich 
Cu-mineralized zone having mineral assemblage of 
quartz + haematite + siderite + calcite + epidote within the 
mylonitized pink porphyritic granite. The zone has wit-
nessed extensive silicification with ramifying thin chert 
veins having profuse malachite stains. At places, the 
specularite/haematite bands occur as alternate bandings 
with silica resulting in the appearance of a banded rock. 
Sulphide minerals as chalcopyrite, pyrite and bornite are 
common in this zone. The width of this zone is around 
200 m. Percentage of malachite alteration is highest in 
this zone compared to the rest. Zone D – This zone is 
characterized by highly fractured, carbonated, epidotized, 
dolerite dyke intruded within mineralized zone containing 
chalcopyrite, pyrite, covelite and bornite. Width of this 
dolerite dyke varies from 15 to 25 m. Percentage of car-
bonatization resulting in parallel to anastomosing calcite 
veins is more in this zone compared to rest of alteration 
zones. Zone E – This zone is characterized by propylitic 
alteration in brecciated pink porphyritic granite at the 
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footwall side. Apart from the mineral assemblage like 
epidote–chlorite–albite and calcite, iron oxide and hy-
droxides have filled the fracture planes. It invariably con-
tains disseminated pyrite. This is caused by extensive 
fracturing and jointing in the country rock permitting 
easy access of hydrothermal solutions. Often boudins of 
calcite stand out in the country rock along the mylonitic 
foliation. Here K-feldspar is less altered and zone-E has 
undergone intense fracturing and jointing compared to 
zone B. 
 At Machanur selected grab and trench samples col-
lected systematically across the mineralized/alteration 
zone suggest a distinct and geochemically diverse pattern 
of minor elements, including LREE. The analysis of base 
metals and trace elements, including Au was carried out 
by Flame-AAS/GTA-AAS method at GSI Chemical 
Laboratory, Bengaluru with error factor of 2%. The REE 
and U were analysed in GSI Chemical Laboratory,  
Hyderabad employing ICP-MS. Most of the analytical  
results (28 nos.) yield average 0.24% of Cu, with maxi-
mum value of 5.2% Cu, average 75 ppm REE with 62 
ppm LREE and 130 ppb Au. The average U content in the 
mineralized zone is 1.69 ppm (n = 25 nos) with maximum 
3.75 ppm and minimum 0.44 ppm. The haematite-rich 
portions show average 13.5% Fe with <1 wt % TiO2. 
Cu/Fe values of Machanur (1/30) are well within the pre-
scribed limit of many world-class IOCG deposits1 (Cu/Fe 
~1/15 to 1/30). 
 The alteration system evolved in the Machanur pros-
pect is similar to the Ernest Henry – a Proterozoic mag-
netite-dominated deposit in Australia, with a difference 
that the former is haematite-dominated. As in the case of 
Ernest Henry deposit, here also alteration has developed 
through a series of distinct stages, causing a series of 
overprints that produced complex mineralogical patterns1. 
Since hydrothermal alteration in the structurally con-
trolled mineralized zone is one of the key features of 
IOCG type of deposits, the Machanur mineralization dis-
plays the following features to be categorized as IOCG-
type: (i) presence of Cu as economic mineral with traces 
of gold; (ii) hydrothermal vein, breccia, fracture filling, 
vug and comb structure, characteristically in brittle–
ductile shear zone; (iii) abundant haematite/specularite 
with minor magnetite, and (iv) common association with 
large-scale carbonate alteration and development of a set 
of hydrothermal alteration zones all along and across the 
shear zone. 
 Critical issues in IOCG genesis are topics of ongoing 
debate concerning the source of metals, ore fluids and 
other vital components of the ore-forming systems, such 
as Cl and S. Proper documentation of field observations, 
geologic characteristics of IOCG deposits and their 
causative hydrothermal systems may help in a better  
understanding of its genesis. In the present case the base 
metal and gold mineralization is dominant associated 
with Fe-dominant hydrothermal fluid. There is domi-

nance of carbonic fluid over the quartz veins. Various  
genetic models have been proposed for IOCG deposits 
that can be broadly divided into those involving mag-
matic and non-magmatic fluid source11. In the case of 
Machanur mineralization magmatic fluid source is ruled 
out as intense hydrothermal activity has been noted which 
is characteristic of non-magmatic fluid source. Although 
to find the specific genetic model of Machanur IOCG 
mineralization, detailed laboratory studies are essential, 
based on geological features observed in the field, altera-
tion assemblage and pattern of its evolution and minera-
logical association Machanur base metal and gold 
mineralization can be ascribed to the IOCG type, as re-
ported here. 
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