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INTRODUCTION
Phoscorite is a rare apatite and magnetite rock. It occurs in carbonatite ultrabasic alkaline complex of Tiruppattur (N 
12o15‘-12o 30’ E 78o 15’-78o 25’). The rock is composed of olivine and any one of its heteromorphic equivalents of di-
opside, acmite, hornblende, phlogopite, magnetite, calcite, feldspar and foids / quartz as accessory mineral. It provides 
more information about mantle source and deep-seated magmatic processes controlled by volatile concentration of 
H2O, CO2, CH4, SO3, F, Cl, and P2O5. These volatiles are caused formation of ultralow viscous supercritical fluid of na-
trocarbonatite at lower mantle where ultralow velocity seismic zone is prevailed.   

GEOLOGICAL SETTING
Carbonatite complex of Tiruppattur (N 12o15‘-12o 30’ E 78o 15’-78o25’) is comprised with 3 carbonatite units located 
at Sevvattur, Jogipatti and Onnakarai villages [1- 6] in association with ultrabasic rocks and alkali syenites (Fig. 1). Cone-
sheets of carbonatite of Sevvattur is exposed (1500 x 300 m) NW at contact between ultrabasic and syenite complex in 
Sevvattur basin. The carbonatite varies from ferrocarbonatite, beforsite to sovite. Apart from the essential minerals [6] 
of calcite, dolomite, ferrocarbonate, accessory minerals of magnetite, perovskite, pyrochlore, zircon, apatite, aegirine 
augite, riebeckite, oligoclase and phlogopite are found as accessory minerals in the carbonatite. Concentration of pyro-
chlore is observed in ferrocarbonatite. Lueshite (Sodium bearing reddish brown pyrochlore) shows expansion cracks 
in albitite exposed at south eastern periphery of carbonatite of Sevvattur. Semitransparent and semiprecious euhedral 
pale reddish brown zircon is found as accessory high pressure temperature mineral (HPTM) in carbonatite of Sevvat-
tur and metamict dark brown euhedral zircon occurs in zircon syenite exposed about 1.5 km SW of Samalpatti village. 
An ultrabasic rock exposes at north western boundary of the carbonatite. Phoscorite occurs as diatremes up to 7500 x 
10 cm at contact of a vermiculite body on NW part of Sevvattur carbonatite. It is the largest vermiculite mine in India 
formed by alteration of phlogopite-oligoclase pyroxenite. 

Thin veins of sovite, beforsite, ferrocarbonatite, barite and benstonite occur in ultrabasic rock exposing in Onnakarai 
area. The ultrabasic rock is intercalated ultramafic rock essentially composed of pyroxenite and peridotite. Phoscorites 
in ultrabasic rock are exposed at about 200 m SW of Onnakarai village. They occur as rootless thin diatremes of vary-
ing sizes from 100 x 5 to 5000 x 10 cm in ultrabasic rock near the village. At some places dunite and peridotite with 
pyroxenite dykes are seen Magnesite and kankar are released products at some places. Just south of the village barite 
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vein 100x15cm is found. 

A skarn rock (1500 x 50m) extends from Garigaipalli to Onnakarai villages [7]. Near Garigaipalli a high grade skarn 
trends towards NNE-SSW and steeply dipping towards WNW. An   intermittent shear zone trending WNW-ESE and shift 
it WNW-ESE direction. There it is attained low grade metamorphism towards south forming discontinuous arc like form 
dipping inwards. Ultra low viscous ferrocarbonatite veins of <100x5 cm carrying euhedral magnetite (̴ 5mm) are seen 
along some shear zones trending in WNW-ESE direction.  Monazite bearing pegmatite and galena bearing fine-grained 
albitite [8] occur at contact between syenite and skarn in SW part. Ultrabasic nodules of varying sizes between 1 and 50 
cm dimensions [7] are seen in the skarn. The nodule occasionally contains native Cu and Ag in addition to chalcopyrite, 
covellite, cuprite, malachite and azurite, sphalerite, pyrite, phyrrhotite and galena [8]. The skarn and nodules are com-
posed with tightly folded veins with alternate miniature swelled micro-basins and tightly compressed micro-domes. A 
single nodule comprises single basin and a dome. Wollastonite, diopside, garnet scapolite and calcite are seen as major 
minerals. Epidote and vesuvenite crystallize along some weak planes of the rock. Ultrapotassic syenite of microcline-
melanite syenite [9] and garnet-syenite, anorthoclase-riebeckite potassic syenite occur as major rock types in Jogipatti 
basin. 

NE-SW trending elongated small rings of carbonatite veins are seen in Jogipatti village along fold axial planes of the 
structural basin. The basin is located hardly 5 km SW of Sevvattur basin (Fig. 1). Both basins occur in NE-SW direction 
trending along Alangayam rift zone which is further extending over Amirthi fault near Vellore and further NE to Bay of 
Bengal, on SW it extends over 400 km into Arabian Sea [10]. The present width of the rift zone exceeds over 50 km at 
some places.  Faulted Jogipatti basin including carbonatites and potassic syenites has uplifted 1600 m from NNE-SSW to 
NE-SW relative to Sevvattur basin which is sequentially filled with sodium syenites. Along a fault zone lying between the 
basins Jogipatti basin is rotated to 16o NE-SW [2, 5] Younger co-magmatic sequences are progressively differentiated 
and are emplaced in sequences in SW parts of these structural basins (2). There exists magmatic continuum between 
older sodium and younger potassium rich syenites [2, 5].

METHODOLOGY
The phoscorite was analyzed using High Resolution Scanning Electron Microscope attached with EDAX probe in the 
Laboratory, Department of Metallurgical and Material Science, Indian Institute of Technology, Chennai. The elemental 
analyses were recalculated and Rittmann’s normative proportions were calculated [11]. Iron ores were subjected X-ray 
powder diffractions analyses with Fe Ka radiations were made in the crystallography Department of Geology Faculty of 
Moscow State University, Russia. The minerals had mixed proportions of iron ores and they were difficult to distinguish 
individual components and indexing their faces. However, all the peaks and their intensities are given for future refer-
ences (Table 1). Characteristic peaks of magnetite of were listed (Table 2) for correlation.

 

Fig1. Simplified Geological map of carbonatite complex of Tiruppattur, Tamil Nadu, India
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1 Carbonatite, 2 S Shonkinite 3  V Vogesite 4 Oligoclasite 5 Hornblende syenite 6 Hornblende porphyric 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 melanite syenite 15 Wollastonite syenite 16. Skarn 17 Granite 
18 Granodiorite 19 Biotite oligoclase pyroxenite 20 Biotite pyroxenite 21 Ultrabasics 22 Ultramafics 23 Dolerites 24 
Pegmatite / aplite 25 Albitite 26 Charnockite 27 Pyroxene granulite 28 Granite gneisses P Phoscorite    IR Ilmenorutile

PETROGRAHY AND PETROCHEMISTRY

On hand examination in the field, phoscorite appears to be a feldspar-magnetite rock and it is subjected to wet-gravi-
metric analysis. Before wet-gravimetric analysis,  spectroscopic analyse shows a high concentration of P, Fe,  Ti, Y, Nb and 
Zr reveals that the rock is essentially composed of apatite nioborutile (ilmenorutile), zircon and magnetite Under polar-
izing microscope apatite exhibits euhedral form with strong relief and first order grey interference colour and opaque 
iron ore.  The rock is termed as phoscorite. In Sevvattur basin it is a very coarse-grained rock with inequigranular 
porphyritic texture. Bluish yellow green euhedral apatite up to 4x2x1 cm is seen with blades or booklets of phlogopite 
amidst apatite. Large grain of magnetite up to 6 cm is seen. 

On the other hand, it occurs 700 m NE of Mottusulakkarai village and 200 m SW of Onnakarai village and carries reddish 
brown massive apatite up to 2x0.5 cm and magnetite up to 1.5 x 0.5 cm with coarse-grained inequigranular porphyritic 
texture. Scanning electron microscope images show particle size of (Fig. 2) larger plates of euhedral prism and pyramid 
shaped apatite up to 180x60x3 µm form with length, breadth and thickness. Tabular apatite grains overlap one over the 
other as platelets. Apatite has transverse irregular gas cavities (Fig:-2).  A globular gas cavity of 150 µm is filled with 
smaller but inequigranular prisms of apatite and other minerals. The gas cavities are aligned along peripheral portions 
and at the central portion of globular cavity. Around periphery of some irregular cavities, rims of very fine-grained min-
erals are developed. Cavities are represented as fluid phases. Particle size of magnetite 250x150x30µm is found. Edges 
of magnetite are very sharp and steep. Phlogopite flake of 200x5x1 µm is seen. 

XRD analyses of apatite (Cu Ka) and magnetite (Fe Ka) from Sevvattur, Jogipatti and Onnakarai are also listed in the 
Table 1. The 2Theta values for iron ores on Fe Ka radiations show characteristic peaks for magnetite on faces of Miller’s 
indices. The slight deviations from normal peaks might have been due to solid solution and entry of other elements, dis-
tortion of crystal faces or interference of mixed phases formed at ambient temperature and pressure conditions. Table-2 
such variations are seen in magnetite. Magnetite (mt1) shows very low values of 2Theta for Fe Ka radiations might have 
been representing entry of silica perovskite molecules in magnetite in Table 1. 

Table1. X-ray powder diffraction data for apatite Cu Ka and magnetite for Fe Ka  radiation .
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Table2. Comparative studies of 2 Theta and intensity of peaks for magnetite and apatite 

Inner core of ultrabasic nodule free from any feldsic constituents in skarn rock is chemically analyzed. It is composed of 
SiO2  45.92, Al2O3 6.12,  Fe2O3 5.52,  FeO 5.33, MnO 0.18, MgO 9.60, CaO 22.46, Na2O 1.08, K2O 0.16, TiO2 1.26, P2O5 
0.19, CO2 1.02 and H2O 0.50 wt% and has high content of MgO, CaO and SiO2. The characteristic trace elements are Ba 
2000, Zr 10, V 300, Cu 100, Zn 300, Cr 100, Ni 60, Co 30, and Pb 8 ppm. The normative proportion of the rock is cc 2.63, 
ap 0.46, il 1.63, mt 2.06, ol 16.64, hy 15.78, wo 37.85 and lab 22.76%. Microscopic studies reveal that presence of wol-
lastonite, (Fig. 3) grossularite-andradite garnet and scapolite. It exhibits hypidiomorphic granular texture.  Aplite and 
pegmatite of wollastonite-garnet sovite, wollastonite garnet syenite and melanite microcline ultrapotassic syenite have 
genetic link with skarn [7, 8]. Ferric iron are seen (Fig. 3) as opaque dusts [12, 15] in potassic feldspars in ultrapotassic 
melanite syenite, shonkinite and in ultrabasic rocks. Scapolite – arfvedsonite syenites are seen around carbonatites of 
Jogipatti.

Chemical analyses of magnetite from Sevvattur show progressively increasing silica content from 0.48 to 62.14%. The 
degree of oxidation (Fe3/Fe3+Fe2+Mn) of magnetites varies between O.39 and 0.96. Maghemite phase is enriched with 
higher oxidation degree. This phase is found in all magnetite. Normative spinel is found in 498 and 13. Magnetite is poly-
genetic. Thin section studies reveal that it occurs as primary opaque cloudy dusts which are later oxidized and swept 
along grain boundaries, cleavage planes of calcite and they accumulated secondary crystals [12] in calcite of carbonatite. 
Scapolite – arfvedsonite syenites are seen around carbonatites of Jogipatti.

Some magnetite [13] have enriched with Ca ions on the basis of 32 (O, OH, F). Ca is present in 13 up to 3.205 ions (Table 
4) indicating entry of perovskite. Si content of magnetite steadily increases from 498Si 0.141, 13Si 5.459, 21Si 8.717 
and 47Si 11.840. Generally under alkaline condition porous silica is introduced to overall surface area in magnetite from 
8.2 to 13.2 nm [14]. At HPT condition incorporation of Si in magnetite transits it into silicate perovskite under ambient 
HPT state. 

Ca rich pyroxene [15] and Ti rich garnet show magmatic courses of differentiation [16] in this complex. Sr replaces 
Ca in apatite [13] on the basis of 26 (O, OH, H) Table 5. Fluorite and periclase enter in   apatite. Si, Al and Mg (Table 6) 
substitute into apatite structure. Olivine content varies between 7 and 31%. Flour-apatite varies up to 90-97; fluorite 
up to 8; Ca bearing olivine 1 and portlandite has 5% (Table 5). Table 6 shows that 46-66% of apatite. It is enriched with 
Ca-olivine 23 portlandite 23, bytownite(ab24 - an76), 13% and nepheline 4 with or without kalsilite 1% are present to 
meet silica deficiency. Highly transparent and pale yellowish green phlogopite is found from phoscorite in Sevvattur. The 
ratio of Mg/(Mg + Fe) is 0.678 (Table 4) indicates it is phlogopite. It shows III or IV order interference colour. Structural 
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formula on the basis of 22 (O, OH, F), the phlogopite has lost considerable amount of Si, Al, Mg, K, and H2O+. Ca exist 
0.483 apfu which is higher than normal phlogopite (Table 4). Fluorine occurs in apatite up to 0.823 on the basis of 26 
(O, OH, F) ions (Table 5). Normative fluorite reaches to 7 %. Pure apatite of Sevvattur is silica under saturated and has 
minute opaque inclusions of periclase up to 5%.  SiO2 varies up to 16.80% (Table 6) and it has normative nepheline 4 
with or without kalsilite 1%. Apatite is present up to 55%. Locally, the ratio of apatite and iron ore is 79 : 21. There exists 
close relationship [17] between increase of apatite saturation and decreasing of silica content in mafic-alkali magma.

EDAX analyses (Table 7) of phoscorite of Onnakarai area show enrichment of FeO, TiO2, Nb2O5, ZrO2 and REE2O3. In 
Onnakarai the host rock of phoscorite is peridotite which is composed of Ca- olivine (Table 3) 45, clinopyroxene 32, 
calcic plagioclase 13 and apatite 6%. Phoscorite is composed of apatite 19-74, calcite 7, anhydrite 3 and iron ore 25% 
(Table 3 and 7). Olivine breaks down into pyroxene (451) and quartz at ambient temperature and pressure condition 
(Table 3). Table 7 shows that phoscorite is composed of apatite, ilmenorutile, perovskite as essential minerals [18]. The 
enrichments of TiO2, Nb2O5, SiO2, Y2O3 and other REE oxides are caused by presence of silicate perovskite. It is  com-
posed of  SiO2 2.0, Al2O3 1.5, FeO 26.0, MnO 2.0, MgO 0.5, CaO 15.0, Na2O O.5, K2O 0.5, TiO2 25.0, P2O5 13.0, F 0.5, SO3 
1.5, Y2O3 7.0,  ZrO2 4.0 and Nb2O5 24.0%.

Phoscorites and carbonatites appear to be formed at end stages [27] of magmatic differentiation and fractionation with 
intermittent liquid immiscibility [1-6, 8, 15, 16, 18 -26]. These nil silicate rocks superimpose one over the other in the 
field of Si-P-(Fe+Mn) for phoscorite (Fig.4). Large and dense ilmenorutile up to 15x10x8 cm are commonly found as 
floats around Onnakarai village.

 

Fig2. The EDAX images of phoscorite show essential minerals of apatite and iron ore.
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Table3. Wet-gravimetric analyses of magnetite (498, 13, 21, 47) from phoscorite from Sevvattur and phoscorite 451, 
apatite 450 and a host rock of peridotite 40 from Onnakarai are given below:

 

Table4. Analysis of Magnetite and their structural formula (Magnetite 32 (O, OH, F), apatite 26 (O, OH, F) Phlogopite 22 
(O, OH F)
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Fig3. 1 Opaque fine dusts in potash feldspars in panidiomorphic shonkinite 2 Lueshite with expansion cracks in albi-
tite 3 Garnet bearing pyroxenite 4 Garnet syenite  5 Secondary magnetite in sovite 6 Skarn shows garnet, wollastonite, 

diopside scapolite and plagioclase.

It is essentially composed apatite 40% and ilmenorutile 60%.The distribution of Si, P and Fe + Mn in [27] an equilateral 
triangle in Fig. 4 shows that phoscorite is differentiated from carbonatite into apatite – magnetite end. Similar feature 
is seen in Fig. 5.  This may be further illustrated in Fig. 6.  Fig. 6 classifies without adding heteromorphic equivalents 
to olivine. Therefore fields of olivine shrinks hence, olivine rich or olivine poor phoscorites are absent [27]. A linear 
variation (Fig. 7) is present between K2O vs CaO/ Al2O3. Most rocks the ratios of CaO/Al2O3 are limited to <10 (Fig. 7) 
indicating [27] low to medium degree of partial melting of carbonated peridotite at depth. SiO2 vs MgO shows a linear 
positive variation [27] indicating differentiation. Nb2O5 + Ta2O5 vs ZrO¬2 + Hf2O;   La2O3 vs Sc2O3; Ta2O5 vs Nb2O5 
and HfO2¬ vs ZrO2 (Fig. 7) is showed similar variations. Only La2O3 vs Y2O3 shows negative correlation since Y2O3 is 
much abounded and heavier than La2O3. 

Table5. Wet-gravimetric analyses of apatite from phoscorite, of Sevvattur
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Increase of pressure with increasing temperature to the extent of a given density of 8.8 g/cm3 at CMB sudden cracking 
and creeping develops at lower mantle. Volatiles fill voids initiate widening with developments supercritical fluids.  Such 
supercritical plasmatic bubbles inflate and weaken creeps reduces static friction across their walls. Continental rifting 
leads direct eruption of natrocarbonatitic supercritical fluids from mantle. These fluids are caused cracking and creep-
ing at mantle for direct effusion of supercritical natrocarbonatitic fluid [32-36]. The Eastern Ghats Paleo Rift system is a 
continental rift zone [32-35] along which several carbonatites are emplaced in India.

Table6. Wet-gravimetric analyses of Phoscorite from Sevvattur Phoscorite from carbonatite of Sevvattur 

 

Apatite in carbonatite show rarely primary fluid inclusion carrying ore surrounded by liquid CO2, CO2, brine solutions 
and water vapour with decrepitating temperature of 750oK. Triple phase inclusions are seen inclusions carrying gyp-
sum brine and water vapour and similar phases occur for halide and sylvite [36]. HPTM appears to be enclosed more 
than 4 layers of supercritical fluids of natrocarbonatite at mantle horizon.  These volatile constituents are associated 
with alkalis.  Globular primary melt inclusions of calcite in clinopyroxene in peridotite and in feldspar in ultrapotassic 
syenite indicate liquid immiscible separation of carbonatite magma from silicate magma at ambient temperature and 
pressure at hydrous condition [4].
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Table7. EDAX analyses of Phoscorite from Onnakarai.
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The southern part of Tamil Nadu, a number of carbonatitic lava exposures are seen with air fall tephra, lava flows, tuff, 
lapilli, pisolites and ashes [41-44]. 

 

Fig4. Distributions of Si, P and Fe+Mn are seen in equilateral triangle. It includes magnetite 5, apatite 5 and phoscorite 
9 and a peridotite 1.

 

Fig5. Distribution of ol, mt, and ap is shown but ol is not included with its heteromorphic variants.

 

Fig6. Classification of Phoscorite is shown. Heteromorphic components of olivine are not included with olivine, If they 
were olivine rich or poor phoscorite are identified.
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Fig7. Bi-component variations of some characteristic chemical components are shown.

DISCUSION
The petrogenesis of carbonatites and phoscorites at mantle source remain as an unsolved problem. The cause ultralow 
velocity seismic zone is detected near core - mantle boundary (CMB) is not clearly known [27,]. Recent discovery of 
presence of primary natrocarbonatite melt inclusions in diamond from mantle source has revised origin of supercritical 
natrocarbonatite. Occurrence of sodium fluorite, sodium chloride and sodium potassium sulphate (Table 7) indicates 
that the primary fluid is natrocarbonatite from lowermost mantle.  SO3 is present in syenites and ultramafic rocks up 
to 1.75 wt%., in this complex. HPTM [28, 29] inclusions enclosed by multiple layers of fluids to maintain its stability. A 
large quantity of potential/latent energy is consumed or released for the formation / deformation of layers enclosed 
or around HPTM as that of homogenization in fluid inclusion of multiple phases. Such behaviour preserves the stabil-
ity of ascend of HPTM. During course of magmatic differentiation volatiles and alkalis are concentrated in the residual 
magma. The released H2O, C, O, F, S, P silica and alkalis are consumed by younger crystallizing minerals under alternate 
miaskitic and agpaitic environment [18, 20, 21]. 

Studying C-O-H system CH4, C2H6 and other hydrocarbons are possible to generate under HPT conditions [31] at deep 
mantle. These hydrocarbons and H2, He, H2O, N, CF4, C4F8 and SF6 exist as  supercritical fluids above their critical tem-
peratures of 300°C in wide range of pressure conditions from 300 MPa to 300 GPa [32]. Solvent power of supercritical 
fluid of CH4 and H2O increases at this state.

The discovery of natrocarbonatite inclusions in diamond [28-30] is illustrated by presence of ultralow viscous super-
critical natrocarbonatite fluid in lowermost mantle near CMB. Small degree of partial melting of dense carbonated peri-
dotite releases [38] primary natrocarbonatite fluids energized with enrichment of elements of low atomic numbers of 
H, He, C, O, F, Na, Mg, Al, Si, P, S, Cl. K, Ca, Sc, Ba, Ti, Mn. LREE and Fe at HPT state excerpts pressure inducing creeping 
and cracking. Through such conduit supercritical fluids of natrocarbonatite carrying HPTM enveloped by multi-layered 
fluids ascends at a speed of from 70 to 100 m/s within 10 hours duration to Earth’s surface retains its structural stability 
[30, 45, 46].  There is not enough time for structural change.

CONCLUSION
The carbonatite complex of Tiruppattur is unique of its differentiated and fractionated co-magmatic sequences of al-
kaline and carbonatite rocks [1-6]. The ultralow viscous supercritical natrocarbonatite fluid at lower mantle may be 
developed by low degree of partial melting of carbonated peridotite mantle at depth. HPTM of Si-perovskite, Ca-per-



22 www.ijisset.org | Int J of Innovative Studies in Sciences and Engineering Technology | Volume 7, Issue 1, 2021

Phoscorite From Ultrabasic Rock in Carbonatite Complex of Tiruppattur, Tamil Nadu, India

ovskite, zircon, periclase apatite and ilmenorutile are crystallized at its early stage of development of supercritical fluid 
[40].  Geophysicists believe that mantle horizon near CMB is highly heterogeneous because of development of ultralow 
velocity zones for seismic waves due to presence of ultralow viscous primary supercritical natrocarbonatite fluid. The 
supercritical natrocarbonatite fluid carrying HPTM surrounded by HPT layers ascends very rapidly at a speed of 70-
100m/s without any friction and loss of potential energy [39, 45, 46] through suddenly developed creep / conduit in 
lower mantle. HPTM does not any structural change near surface. The natrocarbonatite fluid is the parent magma for 
differentiated phoscorite in this carbonatite complex of Tiruppattur. 
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