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Abstract 
The fenitization is alteration of the original country rocks to metasomatic units. Cooling and 
crystallizing carbonatitic melts expel multiple pulses of alkali-rich aqueous fluids which metasomatize 
the surrounding country rocks, forming fenites during the process of fenitization. The fenitization is 
well visualized at the Newania area, Rajasthan where the carbonatitic intrusion has fentized the host 
rock i.e. Untala granite. 
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Introduction: 
The fenitization is alteration of the original 
country rocks to metasomatic units (Zharikov 
et al., 2007). Cooling and crystallizing 
carbonatitic and alkaline melts expel multiple 
pulses of alkali-rich aqueous fluids which 
metasomatize the surrounding country rocks, 
forming fenites during the process of 
fenitization (Elliott et al., 2018). Protolith 
characteristics such as mineralogy, texture, 
structure, porosity and permeability have a 
large bearing on the extent of fenitization. 
Fenitization is traditionally considered to 
involve the removal of silica (Brögger, 1921) 
and the addition of alkalis (Na2O + K2O) 
(Bardina and Popov, 1994). In the majority of 
fenites, alkalis are enriched in the country rock 
during fenitization due to a large compositional 
gradient between fluids and protolith. The REE 
and Nb enrichment is often observed in fenites 
where there is REE enriched intrusions. 
Experimental work undertaken by Zaraiskii 
(1989) indicates a lower fenitization 
temperature limit of 500 ± 30 °C at 1 kbar, 
defined by the stability of the aegirine-augite-
microcline-perthite paragenesis. The upper 
limit of fenitization is not as well constrained, 
but probably approaches between 650 and 

800 °C. This temperature is supported by the 
stability of alkali amphiboles such as riebeckite 
and arfvedsonite (Kovalenko et al., 1977). 
 
Study Area : General Characteristics: 
The Newania carbonatite occurrence (24° 38' 
22'' N, and 74° 08' 44'' E) is located about 40 
km NE of Udaipur between villages Rundera 
and Kikawas. The carbonatite body is about 3 
km long and intruded into 2.95 Ga old Untala 
granite gneisses of the Banded Gneissic 
Complex. The carbonatitic nature of the 
Newania outcrop was first recognized by Dar 
(1964). The geological succession as it appears 
in the area is as under:  

Soil cover 
Fenite Zone 

 Apatite veins 
Dolomitic carbonatites intermixed with 
ferrocarbonatites 

 Dolomitic carbonatites 
Untala granites gneiss  

 
There is mixed opinion regarding the possible 
time of emplacement of the carbonatites in the 
area. Deans and Powell (1968) determined 959 
+ 24 Ma age for carbonatites on the basis of 
strontium isotope data. Gruau et al. (1995) 
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determined the ages ranged from 900-950 Ma 
(Rb-Sr and K-Ar) to 1200-1400 Ma (Sm-Nd 
and U-Pb). Schleicher et. al., (1997) gave Pb – 
Pb isochrone age of 2273 + 3 Ma for dolomitic 
carbonatites and 1551 + 46 Ma for 
ferrocarbonatites. On the basis of mineral 
chemistry, major and trace element 
geochemistry and Sr – Nd isotopic ratio data of 
these carbonatites Ray et, al., (2013) suggested 
that the Newania carbonatite complex was 
emplaced at ~1,473 Ma and parts of it were 
affected by a thermal event at ~904 Ma. 
Regarding the granites of the area, Choudhary 
et. al., (1984) and Roy and Kroner (1996) 
suggested the age for Untala granite 2950 Ma 
and 2666 Ma respectively.  
 
Carbonatites of the Area: 
On the basis of classification suggested by 
International Union of Geological Sciences 
(IUGS), two types of carbonatites i.e. 
magnesiocarbonatites and ferrocarbonatites 
have been reported from the area. The 
geochemical analyses of carbonatites of the 
Newania area reveal that these are low in silica, 
alumina and alkalis. The comparative study 
between the magnesiocarbonatites and 
ferrocarbonatites of the area reveals that the 
magnesiocarbonatites are relatively high in 
CaO and MgO in comparison to the 
ferrocarbonatites. However, in case of iron, the 
ferrocarbonatites are having higher 
concentration than the magnesiocarbonatites. In 
case of trace elements the magnesiocarbonatites 
are relatively high in Sr, Nb, Ba, Ta and U 
concentration and low in Co, Zr and Zn in 
comparison to ferrocarbonatites. REEs in 
magnesiocarbonatites are relatively low in 
comparison to ferrocarbonatites. Similarly the 
LREE in ferrocarbonatites are higher than 
magnesiocarbonatites. The total LREE in 
ferrocarbonatites are 987.68 ppm while it is 
710.07 ppm. Similar is the case with the HREE. 
 
Granite gneiss and Fenitization:  
The granites (Untala granite) of the area are 
medium to coarse grained, showing weak 
foliation and essentially composed of quartz, 
potash feldspar (microcline) and biotite. 

Plagioclase, muscovite, hornblende and iron 
oxides are present as accessory mineral. 
Fenitized granite is medium grained and having 
well marked gneissic banding. The light band is 
essentially composed of quartz, potash feldspar 
and plagioclase while the dark band is made up 
of amphiboles (reibeckite and hornblende) and 
pyroxene (aegirine and Augite) along with 
biotite. In these rocks the quartz grains are 
showing sutured contact and undulose 
extinction. Granoblastic polygonal texture is 
also seen in the quartz grains (Photographs 1 to 
3).  
 
In the present study area the effect of 
fenitization in the country rock i.e. Untala 
granite is clearly observed. The effect of 
fenitization was noted at a distance of 
approximately 100 meters. However, the 
fenitization is not encountered continuously in 
whole of the area. Following observations have 
been made with respect to the fenitization in 
the study area:  
 
The formation of fenite in the area involve the 
addition of considerable amount of Na, K, Fe, 
Mg and decrease in Si, Al.  This is evident by 
the whole rock chemistry of granite and fenite 
(Table 1) where the Na2O in granite was 
4.33 % which increased to 4.56 %. Similarly 
K2O in granite was 3.15 % which increased to 
5.55 %. The FeO (Total) in granite was 3.31 % 
which increased to 9.88 %. The MgO in granite 
was 0.91 % which increased to 3.92 %. On the 
other hand the SiO2 in granite was 69.24 % 
which reduced to 54.40 % and Al2O3 in granite 
was 15.66 % which reduced to 9.88 %. 
 
There is an enrichment of REEs during the 
fenitization has been observed as the intruded 
carbonatitic magma is enriched into certain 
REEs. This can be evident by the REE 
concentration of granite and fenite of the area 
(Table 2). The ΣLREE in granite was 155.14 
ppm which got enhanced to the level of 
1167.34 in fenite. Similarly the ΣHREE in 
granite was 12.11 ppm which has been 
increased to 38.44 ppm (Figure 1). 
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Mineralogical composition also supports the 
addition of alkalies, MgO and iron. Formation 
of new minerals like reibeckite (sodic 
amphibole), aegirine (sodic pyroxene), 
hornblende (Fe-Mg-Ca amphibole), Augite 
(Ca-Mg-Fe pyroxene) supports this fact. 
Unfenitized Untala granite is lacking in these 
minerals. Further the modal percentage of 
quartz and plagioclase got reduced. In 
petrography of fenite the recrystallized quartz 
showing granoblastic polygonal texture and 
undulose extinction is also indicating the 
thermal effect due to fenitization process.  
 
Table 1: Major element composition of 
Carbonatites, Granite and Fenite  
 Average of 

Carbonatites 
Granite Fenite 

SiO2 0.42 69.24 54.40 

TiO2 0.06 0.23 0.23 

Al2O3 0.05 15.66 9.63 

FeO (T) 13.95 3.31 9.88 

MnO 1.03 0.01 0.04 

MgO 10.78 0.91 3.92 

CaO 33.16 1.62 5.38 

Na2O 0.08 4.33 4.56 

K2O 0.01 3.15 5.55 

P2O5 3.44 0.10 0.51 

CO2/LOI 36.12 1.00 5.82 

TOTAL 99.10 99.56 99.92 

 
Like REE the trace elements Nb and Sr 
enrichment has also been observed in fenitized 
rock. In Untala granite the Nb value was 14.14 
ppm and has increased to 67.35 ppm in fenite. 
Similarly the Sr value increased from 135.01 
ppm to 471.50 ppm (Table 2). 
 
The Untala granites of the area therefore, 
undergone to the process of fenitization due to 
the intrusion of carbonatitic fluid (magma) 
which was enriched in Nb and REEs.  
 

Table 2: Trace element (Sr and Nb) and 
REE  composition of Carbonatites, Granite 
and Fenite 

 

REE Pattern of Granite and Fenite from 
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Figure 1 : Chondrite normalized REE 
pattern of Untala granite and Fenite of 
Newania area. 
 
The mineral composition and rock chemistry 
supports the alkali – fenitization (dominated by 
Na as the development of sodic amphibole and 
sodic pyroxene) in these rocks. Sodic-
fenitization in area was also suggested by the 
earlier workers (Sukheshwala and Viladkar, 

 Average of 
Carbonatites 

Granite Fenite 

Sr 3228.25 135.01 471.50 
Nb 922.30 14.14 67.35 
La 181.16 43.82 339.15 
Ce 389.47 76.20 582.77 
Pr 41.02 6.69 49.71 
Nd 153.82 22.12 160.01 
Sm 24.58 3.21 19.16 
Eu 6.60 0.80 4.55 
Gd 17.51 2.30 11.99 
Tb 1.53 0.24 0.90 
Dy 6.42 1.20 3.62 
Ho 0.78 0.19 0.47 
Er 1.48 0.50 1.04 
Tm 0.14 0.08 0.12 
Yb 0.66 0.52 0.66 
Lu 0.07 0.08 0.09 
Sc 11.60 3.30 17.90 
Y 19.31 6.00 13.64 
ΣLREE 814.18 155.14 1167.34 
ΣHREE 42.01 12.11 38.44 
ΣREE 856.19 167.25 1205.78 
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1978, Viladkar, 1980; Viladkar and Pawaskar, 
1989; Golani and Pandit, 1999). Further, in the 
absence of any alkaline rock in the area, the 
source of fenitizing solution must be assumed 
to be the carbonatite magma. The temperature 
range at which the fenitization occur in the area 
might be between 500 to 650 °C as supported 
by the mineral assemblage of the fenite 
(Zaraiskii, 1989; Kovalenko et al., 1977). 
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Photograph 1: Thin section of granite (Untala 
granite)  showing anhedral quartz grains with 
microcline. 

 
Photograph 2 : Thin section of granite (Untala 
granite) showing anhedral quartz and subhedral 
microcline with altered grain of feldspar 

 
Photograph 3 : Thin section of fenite showing 
recrystallized quartz grains with microcline, 
reibeckite, aegirine and augite. 

 
Photograph 4 : Thin section of fenite showing 
gneissose texture with quartz grains, microcline, 
reibeckite, hornblende, aegirine and augite. 

 
Photograph 5: Thin section of fenite (fenitized 
granite) showing a gneissic banding. Light grains 
are of quartz and feldspar while dark bands are of 
reibeckite, aegirine and biotite. 

 
Photograph 6: Thin section of fenite (fenitized 
granite) showing grains are of fine quartz and 
biotite laths with carbonate minerals. 
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