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Abstract: Nioborutile, hercynite and other iron oxides 
are polygenetic. They occur together in carbonatite 
complex of Tiruppattur (12o 00’00”-12o30’00”N and 
78o25’00”-78o35’00”E).  Silica oversaturated and 
undersaturated co-magmatic soda and pottassic rich 
syenites subjected to prolonged period of differentiation 
and fractionation are seen. The compositions                                                                                                                                                    
of the syenites and iron oxides are varied from miaskitic 
(Na+K)/Al<1 to agpaitic (Na+K)/Al>1. Increasing of 
alkalis and volatiles, at very late magmatic stages, 
transition of mafic accessories and part of some alkali-
rich feldsic minerals into iron oxides are took place at 
agpaitic mineralization to accommodate silica-
deficiency. Increasing constituents of alkalis and 
volatiles, subsequent crystallization of alkali feldsic 
minerals, large quantity of silica is required to 
counteract silica deficiency and ultimately iron oxides 
are formed. At this condition, zircon, pyrochlore, rutile, 
nioborutile, ilmenite, ulvospinal and magnetite are 
formed. Residual Al, incompatible and REE are 
crystallized as hercynite and other Al rich REE bearing 
iron oxides. 

Keywords: Carbonatite complex of Tirupattur, Apatite-

magnetite rocks, Ultramafic, Nioborutile, Hercynite 

1. INTRODUCTION 

Iron oxide is polygenetic. It is ubiquitous primary and 
secondary accessory mineral in almost in all varieties 
of co-magmatic alkali syenites, carbonatites, ultrabasic 
and ultramafic rocks in carbonatite complex of 
Tiruppattur, (12o 00’00”-12o30’00”N and 78o25’00”-
78o35’00”E), Tamil Nadu [1-9] India. Occurrences of co-
magmatic silica oversaturated and undersaturated 
syenites are unique feature of this complex.  
Heteromorphic transformation of olivine, pyroxene, 
amphibole and biotite into opaque iron oxides 
releasing silica into series of residual magmas are 
fractionated is a common feature. Iron oxides are 
emplaced along weak-planes present on ultramafic 
rock located in the SW of this complex (Fig. 1). 

2. METHODOLOGY 

Field works were carried out several times for Ph.D. 
research-work in the Presidency College, Chennai, 
between July 1967 and July 1973. After joining the 
Tamil Nadu State Geology Branch, Department of 
Industries, exploration and prospecting for vermiculite, 
sulphides, iron oxides and ultra-pottassic rocks were 

carried out by the author in this area. Floats of iron 
oxide samples were collected on ultramafic rocks to 
estimate Al, incompatible-elements and REE contents. 
Thin sections of co-magmatic alkali syenites were 
studied. About 11+ 46 wet-gravimetric analyses of iron 
oxides were made. The alumina was determined by 
standard for wet-gravimetric analyzes. Spot analyses of 
21 EDAX analyses were made on this samples in the 
Metallurgical and Material Science Laboratory, IITM by 
using high resolution scanning electron microscope. 
The results of trace elements (x103) were interpreted. 
Rittmann’s norms [10] were calculated for major 
oxides. 

3. FIELD AND PETROGRAPHIC   STUDIES 

Series of co-magmatic older soda rich and younger potash 
rich alkali syenites are emplaced in two adjacent structural 

basins in a sequential order respectively in north and south 

with magmatic continuity.  Soda rich alkali syenites are 
imperceptly grade into younger porphyritic syenites 
towards center of the northern basin where porphyritic 
hornblende syenites further grade into coarse-grained 
augite-porphyritic syenite in the southern portion of 
this basin. Large phenocrysts (7x5x2cm) of plate-like 
zoned oligoclase (ab78an22%) carries two or more 
generation of early formed phenocrysts of oligoclase 
(ab72an28%) orienting into different directions 
indicating low viscous state of younger syenite magma. 
Oscillatory zoning and twinning lamellae are seen in 
thin sections in such plates of oligoclase. All these 
syenites exhibit continuous optical and compositional 

zonings varying from margin to inward of the basin. Veins 
of acmite-magnetite-quartz rocks are seen at the core 
of the basin.  An arc shaped carbonatite occurs at the 
contact of alkali syenites and ultramafic rocks NW of 
this Sevvattur Basin [3]. 

In the southern Jogippatti basin is composed of series 
of riebeckite-anorthoclase pegmatite and aplite 
showing myrolytic texture. Agpaitic texture is seen [11, 
12, 13] with development of riebeckite at peripheral 
portions of feldspars. Most aplites exhibit poikilitic 
texture with zoned phenocryst of oligoclase. Irregular 
compositional zoning is exhibited among co-magmatic 
alkali syenites emplaced in this southern basin.   
Further south anorthoclase-garnet-syenite is exposed. 
Layers of wollastonite-sovite, wollastonite bearing 
pegmatite, scapolite-garnet-calcite aplite and 
wollastonite monomineralic rock are found. Very fine-
grained silica undersaturated microcline-melanite 
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syenite and lamprophyric-shonkinite at peripheral 
portion of ultrabasics are seen. Small veins of 
anorthoclasite, albitite, syenite porphyries and apatite-
magnetite rocks occur on ultramafic rock as thin veins 
in this basin. Zircon syenite occurs as a small plug 2 km 
SW of Samalpatti village. Semi-precious zircon occurs 
as accessory mineral in the carbonatites of Sevvattur. 
Along axial planes of overturned doubly plunging 
ultramafic rocks, very small veins of sovite, ankerite 
carbonatites, barite and benstonite-carbonatite are 
seen adjacent to Onnakarai-Olaipatti villages. Ring 
dykes of carbonatite occur on riebeckite-syenite near 
Jogipatti village in this Basin [3, 4]. An arc shaped skarn 
rock is exposed at contact between alkali syenites and 
ultramafic rocks. Relicts of cossyrite and riebeckite are 
seen in some iron oxides. Thin veins of quartz, calcite, 
feldspars, riebeckite, acmite and apatite are seen along 
riebeckite-syenite weak planes of ultramafics and iron 
oxides. The ultramafic rock is transformed into biotite-
amphibole-pyroxenite with specks of pyrite, 
phyrrhotite, bornite, chalcopyrite and native copper. 
Mineralization of these minerals is found along tightly 
folded fold-axial planes of skarn rocks. Monazite and 
galena are seen on albitite exposed adjacent to thin 
vein of ankerite-carbonatite breccias 100 m south of 
the skarn rock and 200m just west of Kanjanur 
Railway-gate. Large grain of galena over 10cm 
dimension is seen on a pegmatite of albitite.  

 Iron oxides are very fresh and heavy and exhibit 
metallic lusture and some of them have pitchy. Floats of 
iron oxides are strewn in significant volume 1 km south 
of Onnakarai-Olalipatti villages on ultramafics. Very 
late-stage mineralization of apatite-magnetite occurs as 
thin veins and diatremes along weak planes of 
ultramafic rocks 2 km SW of Onnakarai village. The size 
of iron oxides is widely varied from 10x7x5cm to 
>0.5x0.4x0.2cm. Very large grains of silicate perovskite 
up to 10x8x5cm occur at 1.5 km southwest of Kanjanur 
Railway-Gate. On the other hand SEM images show 
inequigranular well developed euhedral crystals 
ranging from 8x6x5µm to long platelets of 
20x20x0.5µm. Prisms and plates of varying sizes 
(50x20x5µm) are also seen. The surface of such large 
grains shows pits and corrosive structures. Small 
prisms 10x0.2 µm are commonly found. Circular pits 3 
µm with inner rims (0.05 µm) with cavities 20x10µm 
are developed along cleavage planes. Some cavities are 
partially filled with prisms and needles of riebeckite. 
Most of them are very small accessory minerals found 
as interstitial quartz with corroded periphery, prisms 
of riebeckite, feldspars, euhedral spinal, apatite and 
calcite are found in iron oxides as inclusions. The size 
of these inclusions varies from 2x2µm to 12x8µm.  
Most of iron oxides are platelets with thickness < 2µm. 
Some iron oxides have corroded outline indicating 
reaction between phenocrysts of iron oxides and 
residual magma. Under higher oxidation state, 
magnetite overgrows as euhedral martite. The 

inclusions present in iron oxides appear to be revealed 
cooling history of alkali-magma and release silica to 
form silicate minerals or iron oxides. Some iron oxides 
are enriched with silica and alumina. 

 
Fig.:-1 Simplified Geological Map of carbonatite 

complex of Tiruppattur, Tamil Nadu  

(after R. Ramasamy 1973 and 2012) 

1 Carbonatite, 2 Shonkinite, 3. Vogesite,  4 Oligoclasite, 

5 Hornblende syenite, 6 Hornblende porphyritic 

syenite, 7 Augite syenite, 8 Porphyritic augite syenite, 9 

Foliated syenite, 10 Foliated porphyritic syenite, 11 

Hornblende biotite syenite,  12 Riebeckite syenite, 13 

Garnetiferous syenite, 14 Microcline garnet syenite, 15 

Wollastonite syenite, 16 Skarn, 17 Granite, 18  Grano-

diorite, 19 Biotite oligoclase pyroxenite, 20 Biotite 

pyroxenite, 21 Ultrabasic, 22 Ultramafic, 23 Dolerite, 24 

Pegmatite-aplite, 25 Albitite, 26 Charnockite, 27 

Pyroxene granulite, 28 Norite, 29 Granite gneiss. 

The syenites exhibit hypidiomorphic granular texture. 

Vogesite and shonkinite show panidiomorphic texture 

with euhedral grains of one or more generations of 

mafic and feldsic minerals. 

4. GEOCHEMICAL STUDIES 

Wet-gravimetric chemical analyses are made for fine-
grained iron oxide samples Table 1 and 2. The degree 
of oxidation ratio (Fe”’/(Fe’’’ +Fe”+Mn) ranges between 
0 and 1 and the mean value is 0.66. They have very  low 
concentration of MnO, MgO, CaO in these Iron oxides 
Quartz bearing iron oxides contain more proportions of 
calcite (88 wt %), apatite (48 wt.%) and other non-
silicate minerals.  
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Fig. 2: Scanning Electron images of iron oxides from 
ultramafic complex Onnakarai-Olaipatti villages in the 
carbonatite complex of Tirupattur, Tamil Nadu. i) 
massive prism of iron oxides orient towards particular 
direction; ii) partially filled circular and elongated 
cavities orienting along smooth cleavage planes; iii) 
presence of pits and corrosion structures on the 
surface of an iron oxide prism.  iv) branching-out iron 
oxides,  skeletal, necking and cavernous form of iron 
oxides v) skeletal crystals are seen with plates and 
needles of iron oxides vi) irregularly corroded platelets 
of iron oxides (100x25x0.2 µm). Most of the images 
show very small quantities euhedral to subhedral 
crystals of silicate accessory minerals. Pits and cavities 
are seen on the surface of nioborutile. Quartz has been 
corroded at peripheral portions. 

Table 3 shows no wide variations among Al and other 
trace elements between other iron oxides.  K increases 
with decreasing of Na (Fig. 3).  Spot analyses of EDAX of 
iron oxides have significant Nb, Zr and Dy. The trace 
elements (x103)   show Sr exceeds over Ba; Zr over Nb; 
Rb over Pb; F over Cl; Co over Ni; Na over K; K over Ba 
and S over P (Table-3). Table 1-3 have both of silica 
rich and silica poor iron oxides but some of them are 
Fe”’, Fe” Ti and P are enriched. Plots in the Fig:-3 show 
minimized irregularities of positive linear trends 
towards the course of differentiation and fractionation. 
Negative linear correlation between K and Na with a 
turning point of saturation moves towards positive 

linear correlation (Table 2 and Fig. 4). Na+K vs Ca show 
negative correlation, Ca depletes with increase of Na+K. 
(Fe+Mn+Ti) values decreases against Si. Iron oxides 
increase with decrease of Si.  Silica and alumina are 
enriched in some iron oxides. Some iron oxides have 
higher content of ferric oxides. Pottassic feldspars, 
albite and riebeckite occur as inclusions. From 
Rittmann’s norm [10] it is known that certain iron 
oxides have normative olivine, nepheline and leucite 
but no such minerals are found in thin sections of host 
rocks or iron oxides. Positive linear correlations are 
found between Na+K and Al; Mn and Fe”; K and Na; P 
and Ti and CO2 and P2O5 are seen. Negative correlations 
are seen with some limitation at some turning points 
(Fig:-4) of saturations.  In Table 3, positive linear 
variations of V vs Cr and (Nb+Ta) vs (Zr+Hf) are found 
Fig.5. Some trace elements magnified to 103 V, Cr; 
LREE, (Fig. 5) initially increase with Dy but deplete 
downwards after attaining certain stages of saturation 
Fig. 3, 4 and 5. Similar pattern is seen between K 
against Na. Negative correlation exist between (Na+K) 
vs Si; Ca vs Mg; Fe vs Mg and others show scattered 
distribution. Very late formed apatite- magnetite is 
mineralized (Table-1-3) on ultramafic rocks. Increase 
of (Na+K)/Al against Si are caused crystallization of 
alkali-feldsic minerals and nioborutile like iron oxides 
from agpaitic residual magmas (12). Circular or semi-
circular feature indicates reversal of agpaitic ratios 
with enrichment of Al after some turning point of 
saturation relative to (Na+K)/Al against Si. Extraction 
of Al and REE cause subsequent crystallization of  
hercynite (Fig.6).  

The EDAX analyses show that most iron oxides are 
enriched with high contents of (x103) Nb, Zr, Dy, Y, Pb, 
Sr, Sc, Rb, Cr, V, Ni and Co. The composition and ionic 
structure of nioborutile on the basis of 2 O atoms is 
highly exceeds in ion over 1 in tetrahedral sites. 

Table 1:- Wet-gravimetric chemical composition of Iron oxides and their     

inclusions from carbonatite complex of Tirupattur, Tamil Nadu, India.  
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Table: 2 Wet gravimetric analyses of 46 iron oxides collected south of 

Onnakarai and Olalipatti along weak and axial portions of ultramafic 

rocks. 

 

The incompatible elements such as Sc, Ti, V, Cr, Y, Zr, 

Nb, Mo, La, Hf, Ta and Wo are closely related with each 

others in their electronic configuration and chemical 

properties. They are usually concentrated at late 

magmatic stages. Significant amount of volatiles such as 

H2O, CO2, liquid CO2, CH4, F, Cl, SO3, and P2O5, are 

present at higher oxidation fugacity.  

 

Fig:- 3.  Plots of ions present in iron ore oxides 

(Table1)  

Fig:4- Distributions bi-components  during magmatic 

evolution of iron oxides from fractionated alkali-

syenite magma emplaced in ultramafic complex of 

Tiruppattur. 

During the course the magmatic differentiation and 

fractionation at late magmatic stages, quantity of 

alkalis and volatiles increases. 

Table 3:- EDAX chemical compositions of Iron oxides and their 

inclusions from highly differentiated co-magmatic alkali syenites 

carbonatite complex of Tirupattur, Tamil Nadu, India.  
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Fig: 5. Bi-variant distribution of chemical components 

determined by EDAX analyses. 

Formation of alkali-feldspars relatively requires more 
silica than foidal minerals. A circular trend (Fig. 6) is 
seen in the EDAX analyses. Agpaitic textures [13, 14] 
present in some ultra pottassic rocks (Fig.7) are other 
evidences. 

 

Fig. 6:- (Na+K)/Al plotted against Si both for the iron 

oxides analyzed (11+46) for wet gravimetric analyses 

and for 21 EDAX analyses show enrichment of 

(Na+K)/Al against Si and a trend moves from miaskitic 

to agpaitic stage and then a reversal trend by 

enrichment of Al ions during late stages of residual 

magmatic fractionation.  

 

Fig. 7. Some syenites and syenite porphyries showing 

agpaitic texture by development of mafic minerals after 

feldsic minerals [12]. 1 hornblende-biotite syenite, 2  

oligoclasite porphyritic syenite, 3 oligoclase in augite-

syenite porphyry showing 3 or more generations 

magmatic orientation and crystallization, 4 

hornblende-quartz-syenite 5 albitite showing 

expansion cracks by development of Na-pyrochlore, 6 

biotite-oligoclasite, 7 aegirine syenite, 8. quartz rich 

aegirine syenite, 9 syenite porphyry, 10 porphyritic 

feldspar surrounded by biotite flakes, 11 coarse-

grained garnet anorthoclase syenite, 12 microcline-

melanite syenite, 13 melanite-biotite syenite 14 

sanidine clouded with iron oxides in shonkinite, 15 

clinopyroxene clouded with dusts of iron oxides in a 

pyroxenite emplaced in ultramafic rock. Some of these 

rocks indicate that mafic minerals formed at 

interspatial places of alkali feldspars revealing agpaitic 

texture. 
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5. DISCUSSION 

According to Heinrich viscous miaskitic (Na+K)/Al<1 
rock has [11] more volatiles than low viscous agpaitic 
rock (Na+K)/Al> 1. The state of release of volatiles 
depends up on temperature, pressure, magmatic 
structure, closed or open system of magmatic fluids 
and other physical and chemical conditions. Series of 
residual miaskitic magmas after enrichment of (Na+K) 
and Si during the course of differentiation and 
fractionation [12-17] transit into agpaitic magmas 
releasing volatiles. Unlike Bowen’s reaction series [16], 
residual agpaitic magma starts with initial 
crystallization of feldsic minerals [12]  and subsequent 
crystallization of mafic minerals which form at [12] 
interstitial spaces of (agpaitic texture) feldsic minerals. 
Large quantity of silica is required to form sufficient 
alkali feldspars [17] and foidal minerals to account for 
released out excessive alkalis at late stages of magmatic 
differentiation and fractionation. Therefore mafic 
minerals and some feldsic minerals are directly 
converted into iron oxides [17].  

The extraction of Al, incompatible and REE from 
agpaitic residual magma, the trend moves again into 
miaskitic. At this stage, iron oxides incorporate more 
quantities of Al, REE and incompatible elements. The 
early formed euhedral, subhedral, opaque iron dusts in 
mineral grains and their peripheral concentrations [9] 
and very late formed overgrowths of martite are 
polygenetic. Formation of nioborutile is just earlier 
than hercynite (Fig. 6). Alkalis and silica increase 
during the course on normal differentiation and 
fractionation [16]. Agpaitic factor {(Na+K)/Al} >1 
controlled by Si depends up on rate of cooling, 
physicochemical character, viscosity of fractionated 
residual magma and its volatile content. Increasing 
enrichment of alkalis relative to silica all mafic minerals 
and some feldsic minerals transform into iron oxides 
[17, 18].  

The equilibrium of common minerals present in silica 
saturated norm [10] shows state of stability of 
subsolidus minerals and the composition of magmatic 
fluid from which various minerals crystallized. The 
following table indicates release of silica to residual 
magma:  

 Leucite = 1 Orthoclase- 1 Quartz                                      

 Nepheline =1 Albite-2 Quartz 

Kalsilite = 1 Orthoclse-2 Quartz 

Jadeite = 1 Albite-1 Quartz 

Tschermakite =1 Anorthite -1 Quartz 

 Tschermakite   = 4 Anorthite+3 Hypersthene-2 Quartz 

 Pargasite = 2 Albite+2 Anorthite+4 Hypersthene-6 Quartz 

1 Hastingite = 2Albite+1Anorthite+3 Wollastonite+5Hy- 9Quartz 

1 Edenite = 2 Albite +4 Wollastonite+5 Hypersthene-6 Quartz 

Acmite = 1 Sodasilite +1 Hematite 

Arfvedsonite =1 Albite +2 Acmite+1 Wollastonite+2.5hy-2qz 

Kataphorite =3 Albite+1 Acmite +2 Wollastonite+4hy -1qz  

Other hand, silica is absorbed during transformation 

alkali-mafic minerals from the magma.  The reaction of 

all these saturated mineral composition might have 

been reversible under suitable PTX conditions. 

Therefore compositions of subsolidus mineral grains 

may widely vary. 

 Diopside = 1 Wollastonite +1 Edenite 

Hedenbergite = 1 Wollastonite + 1 Ferrosilite                               

 Actinolite = 4 Wollastonite +5 Hypersthene +2 Quartz 

Hornblende = 2 Anorthite+2 Wollastonite+4Hypersthene 

 Riebeckite = 4 Acmite+3 Hypersthene+2 Quartz 

Cossyrite  = 2 Sodasilite  + 2 Ilmenite + 7Ferrosilite+2Quartz 

Arfvedsonite = 1 Acmite+1 Sodasilite+4 Hypersthene+2 Quartz 

Kataphorite=1Albite+1Acmite+1Sodasililite+2Wo+4Hy+2Qz   

  

The following equations indicate formation of opaque 

minerals which release significant amount of silica to 

meet silica deficiency of residual magmas enriched in 

alkalis and volatiles to form feldsic minerals and iron 

oxides. 

 
 Spinel = 1 Enstatite + 1  Sillimanite – 2 Quartz 

 Pleonasite  = 1  Hypersthene+ 1 Sillimanite – 2 Quartz 

 Hercynite = 1 Ferrosilte + 1 Sillimanite – 2 Quartz 

Hercynite = 1 Hematite + 1 Sillimanite – 1 Quartz 

Ulvospinel = 1 Magnetite + 2 Ilmenite 

Magnetite =  1 Ferrosilte +  1 Hematite -1 Quartz 

Ilmenite = 1 Ferrosilite + 1 Rutile – 1 Quartz 

Rutile = 1 Ilmenite –1 Fe (OH)2 

Nioborutile = 1Rutile + Nb2O5  

Nioborutile = 1 Rutile + 1 Ferrosilite – 1 Quartz 

Perovskite = 1 Wollastonite + 1 Ilmenite – 1 Ferrosilite 

Sphene   =1 Wollastonite + 1 Ilmenite +1 Quartz-1 Ferrosilte 

Garnet = 3 Ferrosilite +1 Sillimanite – 1 Quartz 

 

Two or more generations of opaque iron dusts are seen 

in feldspar, clinopyroxene and ankerite respectively in 

some, syenite, ultramafic and ankerite-carbonatite. The 

very common saturated accessory minerals combine to 

form rather complex iron oxide minerals to 

compensate silica deficiency in the residual magma.  

The incompatible elements enriched residual magma 

finally deposits nioborutile, apatite, monazite and 

hercynite. The chemical analyses of series of residual 

alkaline layers vary from early miaskitic into agpaitic 

and then to again miaskitic residual magmatic series.  

6. CONCLUSION 

Iron oxides from differentiated and fractionated series 
of co-magmatic series of silica oversaturated and 
undersaturated alkali syenites in the carbonatite 
complex of Tiruppattur, India are polygenetic. During 
the course of magmatic differentiation, the residual 
magma transits from miaskitic to agpaitic and then 
again to miaskitic forming characteristic rocks and 
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minerals. The excessive enrichment of alkalis and 
volatiles at the very late-staged residual magma 
completely is transformed all mafic minerals and part 
of some feldsic minerals into iron oxides [17]. The iron 
oxides are emplaced as veins and diatremes on the 
ultramafic rock. Mineralization of nioborutile is earlier 
than hercynite incorporating more quantity of Al, 
incompatible and REE 
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