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ABSTRACT 

This papers reports for the first time occurrence of an alkali granite gneiss from Dimra Pahar, Hazaribagh 

district, Jharkhand. Alkali granite gneisses containing arfvedsonite and aegirine occur as a E-W trending 

elongate pluton (maxm length = 4.25 km and maxm  width = 1.25 km) within  biotite granite gneiss of 

Chhotanagpur Gneissic Complex. This alkaline pluton, lying on western extension of North Puruliya Shear 

Zone, has suffered shearing. The chemistry is highly alkaline and Ca-depleted. The dominant mineral phases 

are quartz, potash feldspar, arfvedsonite and aegirine. The chemical data of both the minerals and whole rock 

of alkaline granite gneisses are reported.The mineral assemblages and whole rock chemistry suggests A- type 

nature of the alkaline granite gneisses and zircon saturation temperature correspond to 1071oC to 801o C. . The 

petrographic study and mineral chemistry suggest that the alkaline pluton was subjected to amphibolite facies 

metamorphism followed by shearing. Tthe parent magma of the granite gneisses was emplaced along the North 

Puruliya Shear Zone in a within-plate,rift- setting. 

 

Keywords: Alkaline Granite Gneiss, Arfvedsonite-Aegirine, North Puruliya Shear Zone, 

Amphibolite Facies 
 

I. INTRODUCTION 

 

North Puruliya Shear Zone (NPSZ) of Puruliya district, West Bengal hosts variety of pralkaline and alkaline 

igneous rocks. A marked and distinct lineament in LANDSAT map coincides with the shear zone. The NPSZ 

has been established to an extent over a distance of around 80 Km from Raghunathpur in east (and possibly 

further east) through Panrkidih, Nowahata,Jhalda of Puruliya district to Perehando Pahar of the Jharkhand state  

in the west.The NPSZ shows evidence of polyphase tectonic and granitic activities along the multifarious 

mineralization(apatite, magnetite, barite, beryl, allanite and bastnaesite) ([1];[2]). Occurrences of deformed 
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porphyritic granite gneisses, aegirine-riebeckite granite gneiss, alkali-feldspar-salite granite/syenite, nepheline 

syenite and other associated rocks (apatite-magnetite rock, minor carbonatite and pegmatite) have been reported 

from this shear zone ([3]). 

The objective of this paper is to report new occurence of an alkali granite gneiss from Dimra Pahar, about 3 Km 

west of Perehando Pahar lying on the same strilke line, Hazaribagh district, Jharkhand and suggest the 

magmato- metamorphic evolution of this peralkaline granite gneiss on the basis of field occurrence, petrography 

and geochemistry.  

 

Fig 1 Geological map of the area around Dimra, Hazaribagh district, Jharkhand 

 

II. GEOLOGICAL SET-UP 

 

The major parts of Chhotanagpur Granite Gneiss Complex (CGGC) occurring in South Bihar and northern part 

of Jharkhand, is a vast gneissic terrain exposing complex assemblages of diversified rocks which witnessed 

several periods of magmatism, tectonism, sedimentation, metamorphism, partial melting and mineralisation that 

altered the pre-existing volcanic, plutonic and sedimentary rocks to a gneiss-granulite-granite association. The 

CGGC comprises extensive felsic gneisses and migmatites, enclaves of pelitic and mafic granulites, mica schist, 

metamorphosed dolomite and later intrusive represented by meta-gabbro, metadolerite, amphibolite, 

metamorphosed ultramafic rocks, anorthosite, granite, granodiorite, syenite, nepheline syenite, lamproite, 

pegmatite, alkaline lamprophyre, aplite etc. ([4]; [5]; [6]; [7]; [8];[9];[10]).  

Ghose (1983) [11] classified the rock groups of CGC into three distinct lithostratigraphic units, viz; (a) 

crystalline basement (older granite gneiss) (b) older metasediments(pelitic, calcareous, psammitic 

metasediments) (c) late intrusives .They considered that these units are products of two major orogenic phases, 

namely the Chhotanagpur orogeny (1.6-1.5 Ga) and Satpura Orogeny (0.90-0.85Ga). Two tectonothermal events 

characterised by profuse granite magmatism occurred at ~1600±50 Ma and other more dominant, at 900-1000 

Ma. 
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III. PREVIOUS WORK 

 

Several studies have been made so far on the petrology and geochemistry of alkaline gneisses of NPSZ. Das and 

Bhattacharyya (2007)[12] have reported occurrence of aegirine-riebeckite granite-gneiss from Perehando Pahar 

(Lat. 23°27′30″N, Long. 85°50′ E) and salite-granitoids from Panrkidih (Lat. 23°25′N, Long. 85°50′ E). 

Goswami and Bhattacharyya (2008)[13] studied the metamorphism of miaskitic nepheline syenite from 

Kankarkiari and Kusumda lying on the eastern extremity of NPSZ. Bhowmik et al. (1990) studied the 

geochemistry and mineralogy of Kankarkiari and Kusumda occurrences.  

Very brief petrographic description of aegirine-arfvedsonite bearing syenite has been given by Verma and Barla 

(Progress Report, Geol. Surv. India, 1994-1995) from south of Dimra without giving any details of 

geochemistry and mineral chemistry. 

 

IV. FIELD OCCURRENCE 

 

The peralkaline granite gneiss body is composed dominantly of biotite granite gneiss with subordinate patches 

of arfvedsonite-aegirine granite gneiss. This composite granite gneiss occurs as an E-W elongate lensoed body 

(max =4.25Km and max width =1.25Km) with in the migmatitic granite gneiss country (Fig.1). Along the 

northen boundary of the peralkaline granite gneiss body with the migmatitic granite gneiss country rock there is 

a discontinuous E-W belt of silicified zone. The peralkaline granite gneiss body, generally with steeply dipping 

NE-SW strike encloses enclaves of mica schist and quartz mica schist in the western and central part. Apart 

from the metapelitic schists such as almandine-muscovite-biotite schist the other metamorphites include 

amphibolite and calc-silcate rock. The general trend of strips of metasedimentaries is nearly E-W. 

 

V. PETROGRAPHY 

 

The rock body under study is a light coloured, medium-grained strongly gneissic. The gneissosity is clearly 

defined by extremely thin layers of ferromagnesian minerals alternating with thicker bands of patchy quartzo-

feldspathic minerals. It can be noted that the elongation of both quartzo-feldspathic and ferromagnesian minerals    

is strongly oriented along the trend of gneissosity and foliation (Fig.3).  

The primary minerals present are quartz, K-feldspar (microcline), sodic amphibole, and aegirine. The accessory 

minerals are zircon, plagioclase, sphene, ilmenite, and allanite. Alteration minerals include sericite, chlorite and 

hydrous iron oxides such as limonite. There are no primary micas. 

Quartz grains exhibit a slightly ellipsoidal or lenticular shape with the elongation parallel to the direction of 

gneissosity and shearing. Undulose extinction is common, and subgrain development has been observed in the 

mylonitic slides .Average size of grain is around ~0.05 mm. 

Abundant fluid inclusions following paths along grain boundaries (and sometimes through grains where there 

may have once been boundaries) and cracks are seen best in slide L736D. This observation is consistent with the 

suggestion that these quartz grains crystallized from a late, volatile- saturated magma. The feldspar is almost 

exclusively K-feldspar( fresh microcline), although several plagioclase grains have been identified slide (731A). 

Tartan-twinning, sericitization, and perfect cleavage are the commonly present distinguishing features of K-

feldspar. Grain sizes range from ~0.1-2.0mm. Feldspar grains are generally coarser than their quartz. It may 
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contain inclusions of aegirine and alkali-amphibole. Very few feldspar grains appear to be significantly altered.  

EPMA studies have shown a consistent chemical composition of (Or94 to Or97) of potash feldspar grains (Table 

1).  

The amphiboles are dark blue to opaque, exhibiting blue-green and blue to blue-black pleochroism, which is 

characteristic of both arfvedsonite and riebeckite . However, grains have also been found exhibiting distinctly 

arfvedsonitic characteristics (anomalous extinction), but they are less common than grains exhibiting normal 

extinction. Grain size(long diameter)ranges from  ~0.05-1.5mm. The grains are typically prismatic and 

occasionally occur as thin laths. Amphibole rarely occurs as medium-sized, elongate bluish inclusions within 

green aegirine.  

The sodic amphibole grains are essentially arfvedsonite. The existence of sodic amphibole as a single phase has 

been supported by EPMA studies, which show a consistent chemical composition among grains (Table 1). 

Green pleochroic grains of aegirine are present in very few slides, and when present,are always less abundant 

than alkali-amphiboles in unaltered slides. These occur as sub-idiomorphic to xenoblastic, elongate, generally 

prismatic, and occasionally tabular grains. They are typically oriented parallel to the gneissic trend. It commonly 

occours associated with arfvedsonite in unaltered slides. Aegirine occurs as poorly formed, cracked and altered 

grains typically concentrated in gneissic banding. Grain sizes range from ~0.05-2.0 mm.  Chemical 

compositions of aegirine are given in Table 1.  

Aegirine has been observed altering to brown iron oxides (Slide 731). Some of these altered grains are weakly 

pleochroic to nonpleochroic. The colour of heavily altered grains is generally paler than less altered grains. This 

is likely to be the result of leaching of Na and/or Fe3+ from aegirine. 

The accessory minerals present in these slides, as already mentioned, are (in order of abundance): zircon, 

sphene, ilmenite, plagioclase, and allanite. Sodic amphiboles at high temperatures are known to accommodate 

elevated levels of Zr which may have been expulsed below a certain temperature threshold. The expulsed Zr 

would then form zircon. 

Sphene occurs as medium-sized, equant, subidiomorphic, squarish grain within quaratzo-feldspathic aggregates 

and occasionally at the margin of quaratzo-feldspathic and ferromagnesian minerals. The presence of sphene 

again points to an incomplete Ca fractionation. Zircon occurs as inclusion in quartz or feldspar and also at the 

contact between them as small elongate pyramidal ends. The presence of ilmenite has been confirmed through 

EPMA studies. Metamic allanite is present with radial fine opaque filled fibrous cracks. 

     
    

Fig.3 Gneissic texture in arfvedonite- ae  

-grine (dark colourd and green colou- 

 red) granite gneiss 

Fig.4 Lenticular quartz oriented along the gnessic 

trend in alkaline granite gneiss. Note shadowy 

extinction of coarser microcline 
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VI. MINERAL CHEMISTRY 

6.1. Aegirine 

The aegirine analyzed is represented by essentially pure end-member aegirine, with only minor (<1.6%) Ca 

(Fig.3A and Fig 3B) .The average Na2O content is 12.61%. Although this is a higher sodium content than in 

arfvedsonite, arfvedsonite is hypothesized to be the more favorable sodium sink due to its superior modal 

volume. This may have resulted from metamorphic recrystallization, when aegirine was breaking down in favor 

of forming arfvedsonite.  

The aegirine was chemically similar to that from Quincy, Massachusetts ([15]) where it occurs with riebeckite in 

microperthitic granites at Quincy. At Quincy, the rock is more silica rich, which is also seen in the present area. 

This could indicate similar magmatic evolutionary paths ([16])  

 

6.2 Arfvedsonite 

The plots in Ca + IV Al vs. Na+K+Si diagram ([17]) that amphiboles are represented by essentially pure end 

members arfvedsonite (Fig.4). The chemical composition of each grain is highly consistent, with the highest 

disparity in concentrations seen in FeOt (0.81% difference). The crystallization of arfvedsonite over riebeckite 

may indicate higher K saturation. Arfvedsonite and aegirine are the only two minerals with any appreciable Ca 

concentration. The concentration of Ca in the arfvedsonite grains varies from 0.27-0.53%, while the 

concentration of Ca in aegirine varies from 0.98-1.6%. 

It is possible that Ca entered into arfvedsonite after aegirine destabilized, which may have provided the 

ingredients to crystallize more arfvedsonite. The chemistry of this arfvedsonite was similar to arfvedsonite from 

an arfvedsonite-aegirine syenite from Kap Boswell, Greenland ([15]). 

Arfvedsonites generally crystallize at the late-stage magmatic stage ([17]). However, Pla Cid et al. (2001) ([18]) 

have shown that magmatic Riebeckite / arfvedsonite / winchite grains can be discriminated from metamorphic 

grains with their higher Ca-contents at a constant (Na + K) concentrations. Arfvedsonites of the present study 

plot between the areas of magmatic and metamorphic amphibole signifying partial recrystallization of the Dimra 

Pahar amphiboles. 

Giret et al. (1980) shown that in rocks whose agpaitic index (A.I.=Na2O+K2O)/Al2O3) is less than 0.9, the Ca + 

Aliv content of amphiboles is more than 2.5, whereas it is less than 2.5 in agpaitic rocks with A.I.> 0.9. Ca+Al iv 

of arfvedsonite of present ranges between 0.239 and 0.353 per formula unit (Table1) which clearly states that 

the granitoids of present study are agpaitic in nature.compared to the normal granites. 

 

6.3 Feldspar 

EPMA results for the alkali feldspar grains were very surprising in that the chemistry was both consistent and 

represents essentially a purely potassic end-member (Fig.5D).This together with the absence of detectable Ca 

stand as evidence against the presence of the microperthitic feldspar. It is theorized that a metamorphic 

recrystallization event occurred which allowed the grains to purge themselves of impurities. 

Fe was detected in an appreciable concentration (0.36%), which, this is likely due to micro-inclusions of opaque 

oxide. 
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Fig 5 (A) and (B) Plots of alkali pyroxenes in the classification diagrams of pyroxenes proposed by 

Morimoto (1980)(41). Q = Ca + Mg + Fe2+ and J = 2Na. (C) Plots of alkali amphiboles of Dimra Pahar 

granitoids in the classification diagram of Leake et al. (1997) (42). (D) Compositional plots of K- feldspar. 

 

Fig 6. Composition of amphiboles of Dimra Pahar 

plotted on the Aliv+Ca vs. Si+Na+K classification 

diagram of Giret et al (1980). 

 

VII. WHOLE ROCK CHEMISTRY 

 

Major element data of six samples (Table 2) indicate that the granite gneiss are high in silica (88.39-73.64%) 

and alkali content, Na2O (4.52-1.08%) and K2O (5.07-2.04%). Al2O3 varies from 12.03%-0.25%. The rocks are 

characterized by total iron content as Fe2O3(t) from 4.85 to 0.74%, low content of MgO (0.86-0.04), CaO (0.32-

0.02), TiO2 (.43-0.13%) and MnO (0.06-0.01%). In general the granites are enriched in Zr(111-2011ppm). 
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Table 1.Compositions of sodic-pyroxene, sodic amphibole and feldspars from Dimra Pahar peralkaline  pluton 

Minerals Pyroxene Amphibole K-Feldsper Na-Feldsper 

Sample No. 727 730A 735 735 C 727A 730 735 735 735C 735A 727 730 735C 735 727 

No of points n=6 n=12 n=5 n=8 n=5 n=6 n=4 n=3 n=3 n=10 n=4 n=10 n=2 n=2 n=1 

                      

SiO2 52.27 51.54 49.06 48.59 43.71 48.76 48.96 64.61 64.04 64.42 64.87 63.72 68.5 68.65 69 

TiO2 0.24 0.48 0.41 0.62 0.58 0.71 0.62 0 0 0.02 0.01 0.01 0 0.01 0 

Al2O3 0.56 0.72 1.19 1.07 1.3 1.38 1.14 18.21 17.95 17.94 18.04 17.9 19.19 19.05 19.09 

FeO(t) 30.93 30.78 35.02 33.7 35.28 35.42 34.44 0.34 0.5 0.27 0.38 0.4 0.65 0.51 0.42 

MnO 0.1 0.1 0.56 0.52 0.53 0.59 0.52 0 0.02 0.01 0.01 0.02 0.02 0.05 0 

MgO 0.05 0.05 0.11 0.79 0.5 0.46 0.71 0.01 0 0.01 0.02 0.01 0 0 0 

CaO 1.09 1.32 0.13 0.33 0.39 0.43 0.37 0 0 0 0 0 0 0.01 0.01 

Na2O 12.4 12.6 7.42 7.25 7.22 7.45 7.39 0.31 0.42 0.49 0.56 0.49 11.12 11.485 11.38 

K2O 0 0.01 1.96 1.63 1.65 1.85 1.75 17.4 16.94 16.99 16.5 16.78 0.13 0.18 0.14 

Cr2O3 0 0 0.03 0.41 0.05 0.01 0.06 0.02 0.01 0.01 0 0.02 0.04 0.06 0.07 

                      

Total 97.64 97.60 95.90 94.92 91.18 97.06 95.91 100.90 99.88 100.16 100.39 99.35 99.65 100.01 100.11 

 

Table 2. Major and trace element composition of  Dimra Pahar peralkaline granites. 

Sl No 1 2 3 4 5 6 7 8 9 

Sample 727A 736 D 730A 732C 735C 728F AD225b AD271a AD259a 

SiO2 74.21 73.76 74.05 74.54 73.64 88.39 78.7 74.67 75.09 

Al2O3 11.53 11.31 12.03 11.11 11.77 6.14 10.08 12.36 11.5 

TiO2 0.24 0.25 0.24 0.24 0.28 0.03 0.25 0.28 0.43 

Fe2O3 3.84 4.85 3.66 4.84 3.64 0.74 1.77 0.45 0.32 

FeO nd nd nd nd nd nd 0 2.01 1.5 

MnO 0.05 0.05 0.04 0.02 0.04 0.01 0.02 0.03 0.06 

MgO 0.54 0.53 0.52 0.53 0.57 0.86 0.25 0.04 0.09 

CaO 0.32 0.04 0.08 0.04 0.08 0.07 0.02 0.16 0.17 

Na2O 4.21 4.06 4.13 3.32 4.52 1.08 2.77 3.82 3.9 

K2O 4.73 4.64 4.83 4.68 4.73 2.04 4.48 5.07 4.73 

P2O5 0.01 0.03 0.03 0.02 0.01 0.02 0.04 0.02 0.02 

LOI       1.09 0.03 0.03 

Total 99.68 99.52 99.61 99.34 99.28 99.38 99.47 98.94 97.84 

          

Ba <15 <15 <15 14 <15 18    

Rb 246 227 272 279 232 101    

Sr 17 11 13 15 12 13    

Ni <5 <5 <5 <5 <5 <5    

Cr <5 <5 <5 <5 <5 <5    

Cu <5 <5 <5 <5 <5 8    

Pb 10 14 12 6 17 6    

Nb 109 108 142 192 123 8    

Zr 543 623 773 2011 741 111    

Y 51 65 45 55 66 30    

T Zr 889 911 938 1071 924 801    

A.I. 1.04 1.03 1 0.95 1.07 0.65 0.93 0.95 1 
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T Zr :Zircon saturation temperatures,in degree Celsius   

A.I.: Agpaitic Index        

Data surce of Sl 7, 8, 9: Das and Bhattacharyya (2007)   

 

7.1 Granite Classification in A-I-S-M Types 

High Na2O+K2O, Fe/Mg, Zr, Y, Nb and REE (except Eu), Rb/Sr>1, and low abundances of CaO and MgO, 

Al2O3,Ba, Sr are characteristics of A-type granite ([19];[20];). One or more of such ferromagnesian minerals as 

ferrohastingsite, alkali amphibole, and sodic pyroxene ([19];[20];[21]) are typical of A-type granite. 

 

7.2. Temperature of Crystallization of Alkali Granite Magma 

The zircon concentration of DimraPahar pluton has wide range (2011-111ppm). The estimated Zr saturation 

temperatures (TZroC) were calculated for pluton. The Dimra Pahar granites gave the range of estimated 

temperatures between 1071oC and 801oC. The temperature esimates for Dimra Pahar pluton are within the 

expected temperature range of some A- type granitic rocks (870-950oC) ([22], [23],[24],[25]). The high 

temperature estimates would suggest that the magmas were dry. Considering the basaltic origin of the 

peralkaline granitoids and experimental studies, magmatic temperature estimates are not unreasonable 

([26];[27]). 

In Dimra Pahar granits, the upper stability limit for F-free arfvdsonite is nearly 700oC ([28]). F is expected to 

increase the thermal stability if arfvedsonite significantly because experimental data for richtrerite composition 

([29]) show a difference in the F and OH stabilities of 300oC in low-pressure range. Thus, the crystallization of 

the magmatic assemblage of granite occur at temperatures >750o C. 

  

7.3 Magma Oxidation State  

The presence of titanite (sphene), quartz and illmenite in DimraPahar Granites indicates fO2 condition at or 

above the FMQ buffer ([29];[30];[31];[32]). Applying the equilibrium equation of Wones (1989), estimated Log 

fO2 values for the DimraPahar fall along the TMQ-HDIL curve. The calculated values (logfO2=-11bar at around 

850ºC) are assumed to be maximum. The low-Mg amphibole in the DimraPahar granitoid is consistent with 

experimentally derived amphiboles from reducing (fO2 =FMQ-1) conditions (Fig 7) ([33];[34]). 

 

7.4 Pressure of Crystallization of magma 

Presence of aegirine and sphene in some of the samples of Dimra Pahar suggest fO2 was higher than the NNO 

buffer. However, absence of biotite in Dimra samples suggests that the magma was not saturated with water. 

This in turn suggests that the crystallization of arfvedsonite from the magma took place 670°C. But absence of 

fluorite strongly suggests that the magma was not absolutely dry and water could act to stabilize the 

arfvedsonite. It would be not unjust to take arfvedsonite crystallization temperature at around 700°C at H2O=4% 

and pressure 1.5 kbar ([35]). 

 

7.5 Magamatic history of DimraPahar Granites 

The presence of arfvedsonite clearly indicates that the parental magma of this granite was agapatic. The studied 

A-type granites are highly siliceous, have extremely high Rb/Sr ratios, and display distinct Sr, Ba and Eu 

depletions. These features clearly indicate that they were highly evolved, and thus, large amounts of fractional 
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crystallisation are necessary to account for both major- and trace-element compositions. The mineralogical and 

chemical compositions of Dimra Pahar granites are homogeneous, indicative of near-solidus crystallisation 

([36]). This also characterises high degrees of fractional crystallisation, and consequently, the A-type Dimra 

Pahar granitic magma can be considered as residual liquids originated by crystallization of mafic parental 

magma. 

 

 

 

            

Fig. 7. Log fO2 -Temperature diagram showing 

magmatic and metamorphic evolution of an alkaline 

granite gneiss, Note the temperature and O2 fugacity 

(box with arrow) of subsolidus assemblage of aegirine + 

ilmenite + arfvedsonite. The system evolved between 

Ni-NiO (NNO) and ilmenite- sphene buffer from more 

than 1000 to around 500
o 

C. 

 

7.5. Tectonic Setting of Emplacement 

The study granites plot in the field of within plate granites in the Rb vs. Nb + Y tectonic discrimination diagram 

after Pearce et al. (1984) (Fig.8A). In the Y vs. Nb tectonic discrimination diagram (Pearce op. cit), most of the 

samples plot in the field of within plate granite (Fig. 8B). In the Maniar and Piccoli (1989) plot, the granites of 

the study area fall in the field of rift related granites (Fig. 8C). In the Y/Nb vs. Rb/Nb diagram the Dimra 

samples plot in the A1-type granitoid field signifying that the magma generated from a OIB-type basaltic 

magma in a within-plate setting (Fig. 8D). 

 

Fig 8. plot of DimraPahar pluton in 

tectonic discrimination diagrams. (A) 

Y+Nb vs. Rb, (B) Y vs. Nb, (Pearce et 

al., 1984) (c) SiO2 vs. Al2O3 (Maniar 

and Piccolli, 1989) and Y/Nb vs. Rb/ 

Nb (Eby, 1992) diagrams. 
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VIII. INTRINSIC PARAMETERS OF METAMORPHISM 

 

In the peralkaline granites of Dimra Pahar, all the constituting minerals, such as K-feldspar, aegirine (Fig7), 

arfvedsonite, ilmenite etc. exhibit nearly pure end-member composition. This character clearly suggests that the 

rock is likely to be metamorphosed and recrystallized.  

The intrinsic parameters for the granite during magmatic cooling are derived from the observation that there is 

movement out of the aegirine stability field during crystallization (indicated by disseminated and stubby grains). 

Aegirine utilizes ferric iron in its formula, so it is more stable than sodic amphiboles (which contain both Fe2+ 

and Fe3+) under highly oxidized conditions. The presence of ilmenite suggests that the approximate temperature 

of aegirine crystallization is ~550°C, with a logfO2 of -19 to -20 unit, with sodic amphiboles forming when 

temperatures approached ~500°C ([15]). ―Under oxidation conditions controlled by iron-wüstite and wüstite-

magnetite buffers, aegirine ceases to be stable and is replaced by an arfvedsonite-riebeckite solid solution‖ 

([15]).  Therefore, a change in oxygen fugacity may have been the catalyst for the assemblage change from 

sodic pyroxene to sodic amphibole.  

The assemblage aegirine + arfvedsonite is stable at high Na2O activity over a wide range of oxygen fugacities 

([37]). However, at high SiO2 activity, the same assemblage can be stabilized to lower Na2O activity. At lower f 

O2 values, aegirine becomes unstable and arfvedsonite is favored ([37]). The initial fO2 may have been 

determined by the magnetite-hematite buffer before the fO2 in the melt fell to the wustite-magnetite buffer. The 

change in fO2 would cause the assemblage change seen in the samples. It is indeterminate if the change of 

assemblage from sodic pyroxenes to sodic amphiboles was driven by changes in temperature, oxygen fugacity, 

or other factors. 

After evaluating the molar percent of albite pressure (Kbar )for the mineral assemblage was approximated using 

the figure given by Deer et al. (1997, Fig. 229 p. 498) ([15]). An approximate feldspar composition of Ab3 Kf 

97 was determined using the average ratio of K to Na obtained from EPMA.  

The f CO2 and pH2O could not be determined. Although a quantitative pH2O value cannot be calculated, the 

presence of abundant fluid inclusions in several slides (L735, L736) suggests relatively high water content 

during the final stages of cooling. 

 

IX. DISCUSSION 

9.1 Origin  

Peralkaline granitoids are suggested to be formed by differentiation of transitional or alkali basalt magma 

([38],[39],[40]) from which early formed minerals like plagioclase etc. removes Ca leaving residual magma to 

be K-rich (+Na). The peralkaline rocks of present study are almost devoid of plagioclase feldspar and can be 

formed from the Ca fractionation of basaltic parent magma or very low degree partial melting of mantle rocks 

([41]). The Ca fractionation appears to be extensive in rocks of present day. 

The overwhelming dominance of K-feldsper over plagioclase feldspar suggest that an extremely Ca-depleated 

system as indicated by rare presence of the latter and low concentration of Ca in both amphibole and pyroxene. 

The QAP modal percentages of the alkaline granite gneiss thin sections ranged from Q70 A30P0 to Q88P0, 

which plot as a quartz-rich granitoid in Streakeinsen’s (1976) diagram. A high silica content generally indicates 

highly evolved magma. 
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The original igneous minerals are postulated to be (in order of abundance): quartz, K-feldspar, arfvedsonite, and 

aegirine. Accessory minerals are zircon, sphene, plagioclase feldspar and allanite. A shear zone may have 

facilitated the intrusion of alkaline magma into the country rockand shearing continued after solidification of 

intruded alkali magma. 

The first of the major minerals to crystallize were likely the sodic ferromagnesian minerals: arfvedsonite and 

aegirine. A low Al, high Fe content may have favored amphiboles and pyroxenes as the dominant mafic phase, 

leaving Al and K to crystallize K-feldspar instead of muscovite mica. Inclusions of arfvedsonite within aegirine 

suggest that the former mineral began to crystallize earlier than the latter. 

Arfvedsonite grains in these slides are typically euhedral and free from inclusions and alteration. Despite the 

existence of numerous perfectly euhedral grains, many of the amphibole grain boundaries simultaneously 

disrupt and are disrupted by quartz and alkali feldspar, with the former being more prevalent. This may mean 

that arfvedsonite was still crystallizing after other phases began to form. A possible mechanism for fast cooling 

is conduction with the cooler country rock which may have chilled the magma. 

The generally poor development of crystal faces may indicate that aegirine was a late-forming mineral, or that 

the aegirine grains were being broken down during the formation of gneissic banding by metamorphism and 

deformation.  

As stated previously, aegirine may also break down under IW and WM buffers to form riebeckite-arfvedsonite. 

Therefore, a change in magmatic f O2 may have caused the destabilization of aegirine, in favor of forming 

amphiboles. Alternatively, earlier-formed idiomorphic aegirine may have lost some of its subhedral or euhedral 

crystal outlines due to replacement by Na-amphiboles.  

 

9.2 Metamorphic Facies 

The presence of Na-amphibole alone in the mineral assemblage of alkali granite gneiss does not necessarily 

indicate that high pressure metamorphism occurred. The presence of almandine garnet in the surrounding mica 

schist country rock suggests that the area underwent at least greenschist-amphibolite transition facies 

metamorphism or lower part of amphibolite facies. Hence it can be inferred that the primary mineral assemblage 

(quartz-microcline-soda pyroxene-soda amphibole) crystallized from an intrusive magma along the western 

extension of North Puruliya Shear Zone and was subjected to regional metamorphism under greenschist-

amphibolite transitional or lower amphibolite facies metamorphism, giving rise to strong orientation of most 

minerals parallel to gneissosity. 

 

9.3 Tectonic Settings 

Due to the overwhelming evidence in favor of the influence of shear forces on these rocks, and the participation 

of unstable aegirine in gneissic banding, it is proposed that the magma intruded along a pathway created by a 

fault. The large L/W ratio of the granite gneiss body implies that this was an intrusion following a pathway 

rather than a large pluton and hence it is possible to that emplacement of magma along narrow channel 

facilitated development of magmatic foliation. However, forces acting on the magma prior to solidification, 

resuling in foliation. 
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It is postulated that later fault activity continued to add shear stress post-crystallization, and may have resulted 

in the mylonitic texture seen in some slides. High temperature conditions associated with shearing are not 

favored due to the lack of annealing of mylonitized grain boundaries. 

This fault zone corresponds to the western extension (into the adjoining Hazaribagh district of Jharkhand state) 

of the North Puruliya Shear Zone. 

 

X. CONCLUSION  

 

A rift related fault (North Puruliya Shear Zone) facilitated the intrusion of peralkaline magma into older 

continental crust suffering amphibolite facies condition. High pressure shearing acting on the solidified rock  

resulted in metamorphic recrystallization, the destabilization of aegirine, and the creation of mylonite and 

anisotropic tectonic fabrics in them. The original magma possibly from mantle and plagioclase fractionation is 

suggested to have produced the granitoid magma. 
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