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INTRODUCTION 

 
The Eastern Chhotanagpur Granite Gneiss 

Complex (CGGC) forms a very important 
segment of the Precambrian continental shield 

of eastern India. It has been inferred that the 
granite gneisses represent the basement, and 
that the schistose rocks of the supracrustals 
containing mafic enclaves were deformed and 

metamorphosed together, generally under am-

phibolite to locally granulite facies condi-
tions.1 The occurrences of basic granulites, 

charnockite and khondalite have been re-
ported by different workers from the high-
grade rocks of the area around Dumka.2,3 The 
region may be taken as the type area of high-

grade domains in the NE part of the CGGC.4 
The CGGC represent a number of linear E-W 
trending belts each with distinct petro-
mineralogical and structural features. The 

present paper deals with the mineralogical 
compositions of the rock, source magma type 
and tectonic setting of the protolith. 

 

www.sciencevision.info 
Sci Vis 11 (1), 16-26 
January-March, 2011 
ISSN (print) 0975-6175 
ISSN (online) 2229-6026  

 ABSTRACT  

 
The Chhotanagpur Granite Gneiss Complex (CGGC) exhibits various geological signatures that at-
tract many geologist and researchers for detail investigation. The present paper focused on the pe-
trography and geochemistry of augen gneiss exposed in the southeast of Dumka, Jharkhand. As in 
other areas of the CGGC, augen gneiss was the main rock exposure. They were coarse-grained and 
light colored rocks exhibiting well gneissic characteristics. The rock was mainly composed of quartz, 
feldspar, hornblende, pyroxene, biotite, garnet and other opaque minerals. It was also rich in alu-
mina and potash contents. There was also a pronounced negative Eu anomaly which suggested that 
both K-feldspar and plagioclase were not removed in the differentiation sequence. As the whole 
CGGC experienced different orogenic activities, the studied rocks also showed various deformation 
effects. The augen gneiss was found to be originated from granite to granodioritic igneous parent-
age of calc-alkaline composition in the tectonic setting within plate granite. 
 
Key wordsKey wordsKey wordsKey words: Augen gneiss; CGGC; Dumka; petrography; rare earth elements; trace elements.   
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MATERIALS AND METHODS  

 

Geological setting 

 
The regional geological setting of the 

CGGC is shown in Figure 1.5,6 The study area 
represents the eastern part of the CGGC 
which is characterized by a complex geologi-
cal structures and different rock types of vary-

ing ages. The CGGC includes high grade me-
tasediments, gneisses, migmatites, khondalite, 
leptynite, granulites and metaigneous rocks, 
which have been intruded by mafic-ultramafic 

rocks, gabbro-anorthosite, granite, rapakivi 
granite, syenite, pegmatite, aplite and 
dolerite, tholeiitic basalts (Rajmahal Traps) at 
different geological periods.7-10 The regional 

trend in the area varies from N-S in the west 
to E-W in the east-central part to ENE-WSW 
in the extreme east and numerous short and 
discontinuous shear zones are present almost 

throughout the area and have affected almost 
all the rock types which are indicated by the 
development of augens and mylonite band-
ing.3 This gneissic complex with an east-west 

regional strike was a composite terrain of de-
formed and predominantly amphibolite meta-
morphic sequence of silicic gneisses, migma-
tites interleaved with thin bands of su-

pracrustals and acidic plutons.11 

The CGGC is a vast tract of high-grade 
rocks and gneisses with enclaves of granulite 

and metasedimentary rocks, and intrusive 
granites of Proterozoic age. The intrusions of 

mantle-derived rocks of varied composition 
ranging from mafic-ultramafic, sodic-
ultrapotassic alkaline rocks, massif anortho-
site to younger tholeiitic basalts (Rajmahal) 

and dolerite at different geological periods 
ranging from Late Palaeoproterozoic to Early 
Tertiary, give evidence of an active mantle in 
the prolonged history of evolution of this mo-

bile belt.10 

As in the rest of the CGGC, the most 
dominating rock type in the reported area was 
augen gneiss which is encountered around the 

southeastern side of Dumka town, Jharkhand. 
The rocks exhibited good gneissose structures 
and foliations were very well developed in 
which the dark band of the gneiss was com-

posed of hornblende, pyroxene, biotite, garnet 
and Fe-oxide minerals, while the light bands 
were quartz and feldspar minerals. The 
augens in augen gneiss of the reported area 

were made up of either feldspar or aggregate 
of quartz and feldspar which were wrapped 
around by foliation in the rock. The augen 
structures were believed to be formed due to 

stretching of quartzofeldspathic layer during 
deformation. 

 

Sample analysis 
 
The oxide percentage of major elements in 

Whole-rock geochemistry of augen gneiss from southeast of Dumka, Jharkhand, India 

Figure 1. Regional geological map of the Chhotanagpur granite gneiss complex. 
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the rocks were analyzed by Philips MagiX 
PRO model PW 2440 wavelength dispersive 

X-ray fluorescence spectrometer coupled with 
automatic sample changer PW 2540 in Na-
tional Geophysical Research Institute 
(NGRI), Hyderabad. The REE and trace ele-

ments were analyzed by Perkin Elmer SCIEX, 
Model ELAN® DRC II Inductively Coupled 
Plasma-Mass Spectrometer (ICP-MS) at 
NGRI, Hyderabad. The procedures followed 

in the preparation of the rock samples for 
analyses on XRF and ICP-MS were of na-
tional and international standards.12,13 

 

RESULTS AND DISCUSSIONS  

 

Petrography 
 

The rock was composed mainly of feld-
spar, quartz, hypersthene, and hornblende 
with minor amounts of biotite. Besides the 
major mineral constituents stated above, the 

minerals phases that occur in the gneiss were 
garnet, ilmenite, magnetite, rutile and apatite. 
The ribbon structures of quartz due to defor-
mation in the rock were very common (Figure 

2a). Along the ribbon structure of quartz were 

Lalnunmawia et al. 

Figure 2. a) Ribbon structure in quartz was commonly observed in the rock; b) blebs of quartz in pla-

gioclase indicate metasomatism; c) Deformed lamellae in plagioclase due to the effect of deformation 

in the rock ; d) Microcline was relatively negligible in the rock due to high temperature dominance 

during formation of the rock.  

a b 

c d 
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Figure 3. Harkar’s variation diagram.  
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Figure 4. Chemical compositions of all the se-

lected eleven samples of augen gneiss.  

 

Figure 5. Al/(Ca+Na+K) versus Al/(Na+K) dis-

crimination diagram of the selected eleven sam-

ples of augen gneiss.  

Figure 6. The system anorthite(An) – albite(Ab) – 

orthoclase (Or) showing the field of different 

granitic composition.  

Figure 7. Qz-Ab-Or discriminative diagram of 

gneiss/augen gneiss.  

Figure 8. Rb/Sr versus CaO showing linear 

relationship of the selected eleven samples of 

augen gneiss.  

Figure 9. Y versus Nb discrimination diagram of 

the selected eleven samples of gneiss/augen  

Whole-rock geochemistry of augen gneiss from southeast of Dumka, Jharkhand, India 
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aligned flakes of biotite, hornblende, orthopy-
roxene and garnet with ilmenite and magnet-

ite. A compositional layering was conspicu-
ous in thin sections of the rock. 

Although the rock had undergone various 
deformation events, there were only a few 

reaction textures to be observed in the rock. 
The different mineral parageneses observed in 
the rock were: 

1. Plagioclase-orthopyroxene-K-feldspar-

b iot ite -hornb lende-gar net -perthit e -
quartz-ilmenite. 

2. Plagioclase-K-feldspar-orthopyroxene-
hornblende -garnet -p erth ite -quartz -

magnetite-ilmenite. 
Orthopyroxene occurred as short prismatic 

form having two sets of cleavages with typical 
schiller’s structures. Quartz usually occurred 

as tiny small inclusion in plagioclase which 
suggests the influence of metasomatism or 
hydrothermal action (Figure 2b). They were 
also exhibiting undulose extinction which in-

dicates post crystalline deformation. Post 
crystallization phenomena in the rock were 
also indicated by deformed lamellae in plagio-
clase (Figure 2c). Microclines were relatively 

negligible compared to other feldspar group of 
minerals which indicate high temperature re-

gime in the evolution of augen gneiss in the 
area of investigation (Figure 2d). Biotites 
show strong preferred orientation, occasion-
ally in two directions. Ilmenite and magnetite 

were the most commonly observed opaque 
minerals in the rock. 

 

Petrochemistry and petrogenesis 
 

The results of chemical analyses on major 

oxides, trace elements and REE for the eleven 
selected augen gneiss assemblages are shown 
in Tables 1 and 2. The rocks of different as-
semblages showed clear chemical differences. 

The compositional range for major elements 
was displayed in Harker variation diagrams 
(Figure 3). The SiO2 contents of gneiss range 
from 59.92 to 66.51 % averaging at 63.53%. 

With increasing SiO2 content, Al2O3, FeOt, 
and MgO markedly decreased from 16.69 to 
13.75%, 3.94 to 2.05% and 1.37 to 0.73%, re-
spectively. The K2O varied from 1.93 to 7.09 

% and averaged at 4.25%; while Na2O ranged 
from 2.07 to 3.13% with an average of 2.65%. 
The CaO content ranged from 2.64 to 4.78% 
averaging at 3.81%. The K2O, Na2O and CaO 

contents were positively correlated with SiO2. 
The melting of (hydrated) basaltic rocks 
yielded granodiorite to tonalite magma with 
low MgO (commonly <2%) and SiO2 >~ 

60%.14,15 All the gneissic samples fall in the 
same range and an origin by partial melting of 
oceanic crust during subduction.16 

The gneiss of the study area had S-type of 

character (molecular Al2O3/(K2O+Na2O+ 
CaO) >1.1) with normative corundum and 
normative diopside (Figure 4).17 The plot be-
tween Al/(Ca+Na+K) versus Al/(Na+K) 

clearly indicated that the samples fall within 
the field of meta- to peraluminous (Figure 
5).18 The An-Ab-Or diagram shown in Figure 
6 clearly indicated that all the samples lie 

within the granite and granite to granodiorite 
field.19 The Qz-Ab-Or discriminative diagram 
also clearly indicated that all samples lie 

 

Figure 10. The Chondrite-normalized REE 

distribution diagram of the selected eleven 

samples of gneiss/augen gneiss. 
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within the field of calc-alkaline (Figure 7).20 

The plot between Rb/Sr versus CaO was 

shown in Figure 8 showed linear trend which 
was indicating progressive partial melting and 
fractional crystallization.31 The Y versus Nb 
diagram basically constructed for the discrimi-

nation of different field of origin of granites 
was shown in Figure 9.22 The plots revealed 
that the gneissic assemblage falls within the 
fields of within plate granite. 

The study of REE analyses provides valu-
able information about the source. During 
metamorphism the REE were highly fraction-
ated and also immobile during sedimentary 

processes.23-25 During metamorphism the REE 
remain unaffected up to the upper amphibo-
lite facies regional metamorphism.26 On the 
other hand REEs have been shown to be a bit 

mobile during metamorphism.24,27,28 The rare 
earth data for gneissic assemblages were nor-
malized to chondrites.29 Their values are plot-
ted in Figure 10. It was observed from this 

figure that LREE pattern (with La/Eu ratio 
20.58) were steeper than the HREEs (with 
Eu/Lu ratio of 4.51). However, a pronounced 
negative europium (Eu) anomaly was present 

in all the samples with an average concentra-
tion of 2.78 ppm. The negative Eu anomaly 
suggested that the parent magma was being 
depleted in Eu with favor of feldspar differen-

tiation, and that may also be indicative of re-
quiring silica-rich parent liquid. The slightly 
enriched heavy rare earth element (HREE) 
pattern may be explained due to the higher 

abundance of garnet in the gneiss.30 For the 
gneissic assemblages, it has been observed 
that the total value of REE ranges from 
209.22 to 392.77 ppm. The ratio of LREE/

HREE varies from 179.88 to 348.11 ppm and 
the (La/Yb)N ratio varies from 7.93 to 15.56. 
The pattern of REE, along with the LREE/
HREE and (La/Yb)N ratio suggests towards 

strong fractionation. The very high Ba, Sr and 
LREE have been found suggesting participa-
tion of a strongly enriched mantle source in 
the petrogenesis of this rocks.31 

 

CONCLUSION 

 
On the basis of above discussion, it is clear 

that the augen gneiss of the study area had S-
type of character (molecular Al2O3/(K2O+ 

Na2O+CaO) >1.1) and their parent rock may 
be  granite to granodioritic in nature whose 
composition was akin to calc-alkaline. The 
graphical representations and interpretation 

of the chemical analyses clearly showed that 
the rock was originated in the tectonic setting 
of Within Plate Granite environment. They 
may be the product of progressive partial 

melting and fractional crystallization of oce-
anic crust during subduction. This conclusion 
was also supported by the petrographic obser-
vation such as the presence of blebs of quartz 

in plagioclase which was due to metasoma-
tism or hydrothermal influences. The high 
concentration of trace elements such as Ba 
and Sr, and the LREE suggested the participa-

tion of a highly enriched mantle source in the 
petrogenesis of this gneissic rock. 
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