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Abstract 
The Proterozoic Aravalli-Delhi orogenic complex hosts a large number of economically important 
stratabound base metal sulphide deposits. In the present work, rock samples taken from Outcrop 
and Underground Mine of Sindeskar Kalan, Vedanta Group, Rajpura-Dariba-Bethumni Belt which 
are located at a distance of 76 Kms from Udaipur District (Rajasthan) have been studied. The chief 
litho units of the group are identified which contain sulfide-bearing calc-silicate and graphite mica 
schist, dolomite marble, calc-biotite schist and quartzite. Importance to the ore minerals like ga-
lena and sphalerite which have been reported in association with the buffer minerals like pyrite 
and pyrrhotite occurr in the host rocks of the study area. Ore petrography denotes two types of 
sphalerites, 1) highly deformed and dark brown colour, 2) less deformed and with light yellow 
colour. Galena shows high reflectance and a network of triangular pits. Pyrite shows high reflec-
tance and anomalous anisotropism because of high brittleness. 
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1. Introduction 
Zinc-Lead deposits of various sizes and grades occur throughout the belt in calc-silicate bearing dolomite and 
graphite mica schist horizons [1], the latter in general containing low-grade disseminated sulfides of large vo-
lumes. The ores from the various deposits in the belt have more or less similar mineral assemblage, differing 
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mainly in their relative proportions from deposit to deposit. The stratiform ore bodies [2] mainly comprised 
sphalerite, galena, chalcopyrite, and pyrite-pyrrhotite. The stratiform ores of Rajpura-Dariba are characterized 
by the presence of different verities of laminated sphalerite such as lemon yellow, light brown, and dark brown, 
a feature that is absent in other deposit in the belt.  

The Archaean basement comprising of gneiss, schist, amphibolite, quartzite and granite dating back to 3.2 to 
2.5 by showing unconformable relationship with the Aravalli cover rocks, is clearly marked in and around 
Udaipur. Stratigraphic succession, established by [3] for the Aravalli Supergroup of the type area around Udai-
pur and Zawar shows two major groups separated by an unconformity. The Upper Aravalli Group consists of 
greywacke-slate-phyllite, quartzite, dolomite and siltyarenite (host for sulphides of zinc and lead) while carbo-
naceous and pelitic phyllites, dolomite, quartzite, stromatolyte, phosphorite, chlorite schist, amphibolite, quartz 
arenite and local conglomerate [4] belong to Lower Aravalli Group. In general, Aravalli rocks in Udaipur region 
show a low-grade metamorphism. The recrystallisation of the silicate minerals suggests the grade of metamor-
phism to be of greenschist facies [5]. 

With the help of these works, the authors are trying to establish the petrography of Pb-Zn ore deposits (under 
the reflected light microscopy) of Rajpura-Dariba-Bethumni Belt in district Udaipur (Rajasthan). The ore petro-
graphy of the study area is helpful to establish textural relation and paragenesis of the Pb-Zn ore deposits and 
host rocks of this area (Figure 1). 
 

 
Figure 1. Regional geological map, Dariba Belt. Modified after [6].           
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2. Geology 
The geology of Rajasthan has been studied by many workers [7]-[18] over decades and the different major geo-
logical units and prominent faults and lineaments of this region. The crust of the northwestern Indian Craton in 
Rajasthan comprises the Achaean Banded Gneissic Complex (BGC) forming the basement, overlain by the Pro-
terozoic Delhi Aravalli Fold Belts of Delhi and Malani Igneous Suite, most of which are covered by the Tertiary 
and Quaternary sediments. Studies by [19] have provided constraints on the ages of the pre-Aravalli basement 
rocks. Detailed geological mapping by [20] suggests a wide variation in the spatial and temporal evolution of the 
region through different geodynamic processes. 

The Aravalli mountain range in the northwest part of India extends over 700 km in length with a general 
NE-SW trend. It consists of two main Proterozoic sedimentary and volcano sedimentary successions, the Ara-
valli Supergroup and the Delhi Supergroup, respectively, which are bounded by the Great Boundary Fault to the 
east and the Western Marginal Fault to the west. These Proterozoic successions rest unconformably on Archean 
granitoid basement [21], commonly referred to as Banded Gneissic Complex/BGC [22]. The minimum age of 
the basement rocks is 2500 Ma [23]. The Aravalli Supergroup, a sedimentary succession with minor volcanic 
flows near the base, developed as a cover sequence on the granitoid basement [21], the BGC of [22]. The exist-
ing geochronological data for the Aravalli Supergroupare insufficient to date precisely the opening and closure 
of the Aravalli Basin. However, the maximum age of the Aravalli Supergroup comes from the Sm-Nd systemat-
ics of the basal volcanic indicating 2326 ± 321 Ma [24] and the minimum age is considered to be 1900 ± 80 Ma 
from the Rb-Sr dating of Darwar Granite that was emplaced synkinematically with the earliest deformation of 
the Aravalli [25]. 

 

 
Stratigraphy of the study area [26].                                

3. Material and Methods 
A total of 25 samples were collected from the different levels of underground mine as well as outcrop samples 
from the selected mine (both of ores and rocks) of the study area, out of which fresher and unweathered samples 
were selected for petrographic and ore petrographic studies of the thin section, polished section and doubly po-
lished blocks of ores were carried out under transmitted and reflected light respectively. 
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4. Petrography of Pb-Zn Ore 
4.1. General Statement 
Ore microscopy is the traditional name for the study of opaque minerals using a polarizing ‘incident light’ mi-
croscopy [27]. Mineral identification is an important aspect of the study of the opaque ores. In the study area 
most opaque minerals are pyrite, galena, phyrrhotite, chalcopyrite and sphalerite (transparent to translucent). 
Pyrite shows high reflectance and brittleness, galena shows triangular pits and ductile nature. Mostly two types 
of sphalerite one is less disturb and second is highly disturb by tectonic activities. The main objective of this 
study was to identify the number of ore phases present in the sample and their mutual relationship with different 
gangue minerals, ore textures etc. 

4.2. Sphalerite 
Sphalerite occurs as dominant mineral of zinc ore deposit and it is occurs in various forms and assemblages 
throughout the belt. It occurs in association with galena, pyrite and phyrrhotite.Sphalerite occurs in two genera-
tions. The first generation is light brown in colour and less deformed (Figure 2), second is dark brown in colour 
and highly deformed (Figure 3). 

Optical Properties 
The colour of sphalerite under the microscope is dark brown to light brown (Figure 4) and some samples also 
show colourless. It is recognized by its low reflectance, weak pleochroism, transparent to translucent in nature,  
 

 
Figure 2. Fractured sphalerite with pyrite (yellow) 
and graphite Rajpura-Dariba-Bethumni Belt in Dis-
trict Udaipur (Rajasthan).                           

 

 
Figure 3. Two types of sphalerite, one is light brown 
and second is dark brown. Rajpura-Dariba-Bethumni 
Belt in District Udaipur (Rajasthan).                 
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Figure 4. Chalcopyrite with Sphalerite which is show-
ing golden yellow colour. Rajpura-Dariba-Bethumni Belt 
in District Udaipur (Rajasthan).                         

 
showing internal reflection, giving reddish brown or yellowish brown colour. Replacement textures are common. 
The grain size is variable, most of the individual grains are subhedral; some are elongated. The associated min-
erals are galena, pyrite, chalcopyrite and phyrrotite. 

4.3. Galena 
Galena is found in association with graphite mica schist (GMS) and dolomite (Figure 5). 

Optical Properties 
Under the microscope galena is white (bright) or colourless. It showed high reflectance than that of sphalerite 
(Figure 6). Granular aggregates and skeletal crystals are common, a perfect cubic cleavage is often noted. Tri-
angular pits (Figure 7) are clearly seen due to its ductile in nature. It is associated with sphalerite and pyrite and 
show secondary alteration along cracks and cleavages. It is also showing mutual boundary texture and core re-
placement texture with sphalerite and pyrite.  

4.4. Pyrite 
Pyrite is also found in association with graphite mica schist (GMS) and dolomite throughout the belt. It is do-
minant mineral after sphalerite and galena in Rajpura-Dariba. 

Optical Properties 
This mineral is light yellow to brass yellow in colour. It is recognized by its high reflectance (Figure 8 and  
Figure 9), showing anomalous anisotropism, spherical aggregates i.e. framboids texture are developed. In the 
study area pyrite mainly associated with sphalerite, galena and chalcopyrite etc. 

4.5. Chalcopyrite 
Chalcopyrite is rare in the study area. 

Optical Properties 
Chalcopyrite is golden yellow in colour (Figure 4) which differentiates it from gold. It is recognized by its 
strongly anisotropic, showing polysynthetic twining. 

5. Results and Discussion 
5.1. Microstructure/Texture 
The zinc and lead minerals of this area exhibit distinct textures due to the presence of different mineral associa-
tion. The texture of ores are identified in polished block under the reflected light microscopy which are as follows: 
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Figure 5. Galena with sphalerite showing deformed 
crystal. Rajpura-Dariba-Bethumni Belt in District Udai- 
pur (Rajasthan).                                

 

 
Figure 6. Mutual Boundary texture in galena and 
Sphalerite. Rajpura-Dariba-Bethumni Belt in District 
Udaipur (Rajasthan).                               

 

 
Figure 7. Galena showing triangular pits. Rajpura- 
Dariba-Bethumni Belt in District Udaipur, (Rajas-
than).                                           

 
• Replacements textures 

Boarder replacement 
Rim replacement 
Core replacement 

• Mutual boundary texture 



J. Alam et al. 
 

 
408 

 
Figure 8. Mutual Boundary texture in pyrite and spha-
lerite. Rajpura-Dariba-Bethumni Belt in District Udai-
pur (Rajasthan).                                          

 

 
Figure 9. Rim replacement texture of pyrite by spha- 
lerite. Rajpura-Dariba-Bethumni Belt in District Udai- 
pur (Rajasthan).                                           

 
• Fibrous texture 
• Deformation texture 
• Intergrowth texture 
• Framboidal texture 

5.1.1. Replacements Textures 
Replacement texture is common in all minerals of this area and these replacement textures are observed between 
different mineral assemblages [27]. Replacement textures are formed between sphalerite-galena and sphalerite- 
pyrite. There placement texture the early formed ore phases occurred along the fractures, fissures, grain bounda-
ries, cleavage planes and at the core of the ore minerals. 

1) Rim or Border replacement texture 
This texture is mainly shown by pyrite and sphalerite ore minerals (Figure 9 and Figure 10). 
2) Core replacement texture 
Core replacement texture is shown mainly by sphalerite and pyrite where the centre of the ore mineral is 

completely or partially replaced (Figure 11 and Figure 12). 

5.1.2. Mutual Boundary Texture 
Mutual boundary (Figure 8) relations are seen between the minerals sphalerite and galena, sphalerite and pyrite. 
The contact between sphalerite with galena and pyrite are smooth have perfect boundary and there is no re-
placement between sphalerite with galena and pyrite. On the basis of their preferred orientation and mutual  
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Figure 10. Border replacement texture in sphalerite. Rajpura- 
Dariba-Bethumni Belt in District Udaipur (Rajasthan).            

 

 
Figure 11. Core replacement texture by pyrite. Rajpura-Dariba- 
Bethumni Belt in District Udaipur (Rajasthan).                   

 

 
Figure 12. Core replacement texture by sphalerite. Rajpura- 
Dariba-Bethumni Belt in District Udaipur (Rajasthan).                                                 
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boundary relation, it is suggestive of simultaneous crystallization [28]. 

5.1.3. Fibrous Texture 
Sphalerite forms concentric overgrowth sinward from a vein wall, radiating from multiple growth along the 
open fractures and sometimes acicular crystals of sphalerite are found radiating from a centre (Figure 13). 

5.1.4. Deformation Texture 
Some deformation are seen in galena may be due to micro-level deformation or due to local folding and faulting 
(Figure 5). 

5.1.5. Intergrowth Texture 
Some samples of ore minerals also showed intergrowth texture by sphalerite and galena.Suggested primary tex-
ture which is developed during the deposition of ore minerals (Figure 14). 

5.1.6. Framboidal Texture 
These are aggregates of spherical grains or particles. Pyrite shows this type of texture (Figure 15). 

6. Conclusions 
The present study of Rajpura-Dariba-Bethumni Belt, Udaipur District (Rajasthan), is on ore petrography of Pro- 
 

 
Figure 13. Fibrous texture in sphalerite. Rajpura-Dariba- 
Bethumni Belt in District Udaipur (Rajasthan).                  

 

 
Figure 14. Intergrowth texture by galena in sphalerite Ra- 
jpura-Dariba-Bethumni Belt in District Udaipur (Rajas-
than).                                                 
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Figure 15. Framboidal texture showing by pyrite. Rajpura- 
Dariba-Bethumni Belt in District Udaipur (Rajasthan).        

 
terozoic Carbonate hosted formation. This work involved the study of their ore-petrography and wafer thin sec-
tion (0.3 mm) petrography. On the basis of above parameters the following discussion was made to bring out 
valuable conclusion at the end. 

The Underground samples of ore minerals are dark brown in colour, which contain sulfide bearing predomi-
nantly chemogenic rocks, admixes with minor clastics, and are deposited under reducing euxinic condition in 
linear inland basin/trough. The metallogenic belt comprises assemblages of medium to high grade metavolcano- 
sedimentry rocks equivalents of orthoquartzite, carbonates and caqrbonaceous facies metamorphosed to medium 
grade amphibolite facies belonging to the Middle Aravalli Group. Zink-Lead deposits of various sizes and 
grades occur through the belt in calc-silicate bearing dolomite and graphite mica schist horizone. The stratiform 
ore bodies mainly comprise sphalerite, galena, chalcopyrite, pyrite-pyrrhotite. Presences of pyrites indicate the 
reducing environment condition. Some calcites and lots of quartz veins/bands were also reported from the sam-
ples studied.  

Therefore the presences and absences of pyrites could be one of the parameter which controls the chemical 
transformation that taking place in the inorganic matter substituent to depositions. The cementing material is 
mainly silica. The opaque minerals are mainly pyrites (Buffer mineral) which show yellow to white colour and 
high reflectance in reflected light microscopy, and are Pyritohedron, showing anomalous anisotropism and hav-
ing brittle in nature. Galena shows white colour and high reflectance in reflected light microscopy, and also 
showing triangular pits and having ductile in nature and showing deformation texture. Two types of sphalerite, 
one is light brown colour and having less disturbed and another one is dark brown in colour and showing inter-
nal reflection, highly disturbed and fractured which indicate tectonic disturbance in the area. Some other miner-
als like pyrrhotite, chalcopyrite (golden colour) and graphite also present. 
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