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The paper describes the geologic setting, mineralogy and geochemistry of the
economic minerals of the carbonatites of Sevathur and Jokipatti, Madras
State. The carbonatites were apparently emplaced 720+ 30 million years
ago along the boundary fault zone between orogenic belts and are associated
with gyenites. Pyroxenites and fenites occur within the oval-shaped aureole
of fenitization surrounding the carbonatite body. The carbonatites are
composed of sjvites in the outer periphery and beforsite in the inner core,
with ankeritic carbonatite forming a thin transitional zone between the two.
The carbonatites are characterized by fairly high radioactivity (0-01-0-04
per cent eU304), enrichment in ThO,, Sr, La, Ce, Nb and Ba and the expected
magnitude of Sr87/Sr86 (0-705%0-0007). The high phosphorous content of
the rocks (1-21-14-22 per cent P,0;) and the soils (411 per eent P,0;) makes
the area an attractive source of raw materials for the fertilizer industry.
Possible structure and age clues for locating carbonatites in the southern
peninsula of India are indicated.

INTRODUCTION

The two occurrences of carbonatite alkalic complexes at Sevathur and
Jokipatti, located at a distance of about 20 kilometres from each other, promise
a good prospect for economic exploitation chiefly of phosphates and niobium,
rare earth-bearing radioactive minerals and vermiculite. The carbonatite
bodies are intrusive into the gneisses. Their brecciated contact with the
country rock, the arcuate, coneentric carbonatite dykes around the main mass
as also the radial dykes observed in the well cuttings surrounding the car-
bonatite establish beyond doubt the intrusive nature of the carbonate rock.
Typical mineral assemblage of calcite, dolomite, magnetite, apatite, monazite,
pyrochlore, calzirtite, yttrozircon, with sodic pyroxenes; sodic amphiboles
crossite and richterite, arfvedsonite; sphene, perovskite, vermiculite, nephe-
line and pyrite in carbonatites and fenites enlist these complexes in the group
of apatite-magnetite type of Pecora (1956). The metasomatic aureole around
the carbonatite body giving varied fenites, pyroxenites, and the ijolitic group
of rocks are described. The metasomatic aureoles within the Dharwar
gneissic complex are caused by carbonatite, and compare favourably with
those referred to by Mckie (1966). The Sre?/Sr8¢ ratio of 0-7054.0-0007 and
K/Ar determination of 720430 m.y. were kindly provided by Dr. T. Deans of
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the Institute of Geological Sciences, U.K. The syenite ring complex at
Elagiri and the intrusive syenites exposed to the south of the Sevathur com-
plex and north of the Jokipatti complex link the genetic relationship of the
carbonatite with the alkalic rocks.

Prrevious Worx

The geological literature of the old North Arcot district refers to an east-
northeasterly faulted contact between the gneisses and charnockites in the
area. ‘The bed of river Palar’ just two miles north of Jolarpet (Latitude
12° 30": Longitude 78° 30') which flows through the northern part of the
Sheet No. 57 L/13 ‘appears to be a line of fault. There are several parallel
zones showing crushing’ (Pascoe 1926). He further quotes (Fermor 1936)
that ‘the rocks south of Palar are charnockites whereas to the north acid
granites are found’. This is the only significant mention from the old records
of the Geological Survey of India.

While prospecting for vermiculite at Sevathur Shri V. Gopal of the Madras
State Geology Department collected samples from this area. These were
seen by Dr. D. N. Holt, the U.N. Hydrological expert of the tube-well organ-
ization, and were suspected by him to be carbonatites. T. Deans after his
laboratory work and a short field trip confirmed the occurrence at Sevathur
to be a carbonatite (Deans 1967). The authors undertook detailed investi-
gation, and during their survey discovered another occurrence of carbonatite
alkalic complex at Jokipatti.

LocaTioN

Sevathur (Lat. 12° 25': Long. 78° 32') can be approached from Tirupattur
by a rail link along Jolarpet-Salem line of the Southern Railway. Carbonatite
outcrops are located about half a mile east of Sevathur village. The car-
bonatite outerops at Jokipatti are located a quarter of a mile east of the village.
It can be approached from Tirupattur, via Mattur, along Uttangari by a
motorable road.

The area on the whole is a plain country, but the carbonatite outerops
at Sevathur and the fenites and syenites at Jokipatti are observed as tors
10 to 20 feet in height. Carbonatite outcrops in Jokipatti are very rare due
to the soil cover of cultivated fields, and the vermiculite-pyroxene-fenites of
Sevathur are also largely covered by soils. The soil cover is 2 to 3 feet in
both cases and widely scattered fragments of magnetite 1 to 2 em at Joki-
patti and the micaceous soils at Sevathur indicated the presence of the rock
types that had to be confirmed by test pits.

GEoLOGIC SETTING

The carbonatites of Sevathur, Jokipatti and the ring complex of Elagiri
are all intrusive in the Dharwar gneissic complex. The faulted boundary of
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the Dharwars with the charnockites south of the Palar river, referred to
earlier, runs just east-south-east of Elagiri, Sevathur and Jokipatti.
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The syenitic ring complex of Elagiri half a mile east of Jolarpet shows

a wide circular rim about 800 to 1,200 feet high above the ground level. The

ring has an outer diameter of 4 miles with a central depression that has a

diameter of about 2 miles encircled by high hills of syenites 100 to 200 feet
4 .
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high all around the inner rim. The breccias south-east of the rim are worked
for barytes veins.

The carbonatites and syenites are situated along the east-north easterly
line of fault within a distance of less than 2 km. west-north-west of the
charnockites. The carbonatite fenite complex of Sevathur has an east-
north easterly extent of 3 km. with a maximum width of 220 metres in the
central part which tapers out gradually at the sides. At Jokipatti the total
estimated extent of the complex is over 6-5 km. in length and a width of over
2 km., but the paucity of the outcrops due to soil cover has hindered detailed
marking of boundaries of carbonatites, fenites and associated syenites.

STRUCTURE OF SEVATHUR CARBONATITE

The main part of the carbonatite is exposed in the form of an elongated
crescent-shaped body intrusive in granite gneiss. The flow lines marked in
portions of a soda amphibole sOvite have an inward inclination towards the
core. A few small arcuate collars of carbonatite dykes rarely exceeding five
feet in thickness are arranged concentrically with respect of the main mass.
These dip inwardly and give an appearance of a cone sheet pattern.

Felspathic breccia surrounding fenites forms a collar around the carbo-
natite. Inwards, the first ring consists of white sovites. The inner core is
beforsitic. A thin fringe of ankeritic carbonatite intervenes between the
sovites and beforsite.

The evidence that carbonatites have acted as intrusive rocks is provided
by the network of fine stringers and dykes eutting through fenites and breccias.
The well cuttings exposed by excavation give an explicit view of the dykes of
carbonatites bordered by fenites.

SovITES

On the basis of mineral composition, the sdvites can be subdivided into
four groups. Although these groups do not form mappable units in the
field, abundant development of large (2 to 3 cm.) erystals of magnetite within
and along the southern fringe of sdvites and a scanty distribution of this
mineral within sévites exposed along the northern fringe is significant.

(1) Riebeckite-sovite and pyrovene-mica-sovite

The sivite, of which calcite forms the chief constituent, shows typical
flow structures due to oriented and elongated needles and laths of blue coloured
riebeckite and brown coloured vermiculites. The crystals of apatite elongated
in spindle shapes are arranged parallel to the flow lines. In linear parallelism
to the flow lines are other minor constituents of the rock, namely magnetite
monazite and perovskite.

4B
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(i) Sovites consisting chiefly of calcite with only wvery small amounts of other
constituents

They have a width of 50 feet and extend along the entire length of carbo-
natite. These have practically very little of dolomite, with apatite and mag-
netite only as accessories. The calcite occurs as anhedral crystals up to 1 cm.
across. These sOvites are exposed along the southern contact of the carbo-
natite with the fenites.

(iil) Magnetite-sovites

The sovites exposed along the southern periphery are coarse-grained and
are unusually rich in large crystals of magnetite. The magnetite crystals
up to 8 cm. squares are abundant. The other major constituent is calcite.
Apatite, monazite, calzirtite and zircon form the accessories.

(iv) Sdvites rich in apalite

Stvites in general are poor in apatite but at their contact with ankerites
show enrichment of apatite.

The contacts of sévites with them are not sharp but transitional. These
merge gradually into ankerites and beforsites. Although veins of ankerites
and beforsites in sévites are very common, sdvites cutting across ankerites
and beforsites are never observed. Evidently the sovites appear to be the
first phase of carbonatitic activity. Sovites at the contact are partly dolo-
mitic, but there is no replacement relationship between calcite and dolomite,
their contacts being sharp.

ANKERITIC CARBONATITE

This occurs as a thin fringe about 100 feet in thickness between the
sovite and beforsite. It is a brown coloured medium to fine-grained rock with
small elongated crystals of buff coloured apatite, brown vermiculite and
bluish dolomite with black siderite and rhodochrosite which give it a multi-
colour shining lustre and flow lines to a freshly.broken rock. In thin sections
ferruginous matter along rhombic cleavages of carbonates is observed. This
rock shows 4 to 8 times the background count on a portable gamma ray
radiation counter in the field and analyses 0-04 to 0-08 per cent of UjOg
equivalent. The radioactivity is due to uraniferous pyrochlore, monazite and
ceyrtolite variety of zircon.

Apart from the main fringe of the ankeritic carbonatite within the sovite
there are numerous thin steeply inclined dykes and related sheets, veins and
stringers which riddle the fenites and intrude the sovites.

BEFORSITE
Beforsitic carbonatite occupies the core of the carbonatite complex with
_ width of over 250 feet. It is a medium to coarse-grained buff coloured rock
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with big crystals of magnetite. On weathered surfaces greenish crystals of
apatite stand out prominently. Beforsite is made up entirely of dolomite
with practically no calcite. Apatite is a major constituent besides magnetite.
The radioactivity in beforsite is due to accessory monazite and uraniferous
pyrochlore.

A band of about 1 foot in width and exposed over a length of 500 feet
ig rich in apatite. The apatite crystals here are 1 inch in length and stand out
prominently (Fig. 2). A sample from this beforsitic carbonatite analysed
P,05 = 1422 per cent.

SEVATHUR CARBONATITE COMPLEX

FEET 500 500 1000 1SO0 FEET

SOIL SAMPLE
O &

—— |

.
o 1502

Sl
il Jf ||i||IIIIII||! .,

INDEX

a.b. PYROXENITE AND
C d.€. BIOTITE PYROXENITE

m BEFORSITE
7] ANKERITE CARBONATITE

Hit l X
il A SOVITES, (BEFORSITIC
L1 B2 o A % MAGNETITE FREE TYPES)

i vT’ s A" " APATITE RICH BAND

A
A A [T sreniTe
AAAA
A/A ’\A A =Bn DYKES
A

SYENITE

A " STRIKE ANO DIP
© SAMPLE SITES
B WELLS

Fia. 2

P;0; contents of rocks and soil samples along the north-south line and
across the carbonatite at Sevathur are given in Table I.

Thin sections of the three types of carbonatites were stained by copper
nitrate (Rodgers 1940) to compare the distribution of apatite with the calcite
and dolomite in the carbonatites. Preferential concentration of apatite in
dolomitic beforsites at Sevathur was significant. The soil samples on the
average contain over 8 per cent of P,O; which can be raised easily by
quenching magnetic and gravity separations. This area thus holds great
prospect for a fertilizer industry in Madras State. Added to this, the presence
of the carbonatite at Jokipatti in exactly a similar geological setting and
identical mineralogy envisages an industrial proposition.
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Tasie I
Soil samples
No, Rock type P,0, from north  *I,05 9,
to south
1 Vermiculite pyroxinite 347 I 8-62
2 Sovite 2-65 1T 8-00
3 Ankerite 1-21 Il 818
4 Sovitic beforsite 6-39 v 11-00
5 Apatite rich beforsite 14-22 \% 4-80
6 Beforsite 2-54 VI 10-50
7 Girey syenite 0-50 VIT 6-38
VIII 9:50
X 7-31
X 4-00

*After T. Deans (1967).
Note: Sample numbers refer to the sites in Fig. 2.

FrNrrEs

Fenites are mosaic in appearance riddled by veinlets and stringers of
beforsitic carbonatites. Concentric and radial dykes of carbonatites are
traceable within.fenites. Their thickness never exceeds five feet but several
dykes about a foot in thickness are observed to cut across the fenites. Close
to the carbonatitic matter within fenites, distribution of vermiculite rich
pyroxenites is abundant. The pyroxenites form as screens between the
minor arcuate collars of carbonatite and the leucocratic fenites. Pits put
for recovery of vermiculite show some fresh outerops of the rock type. The
outerops are highly weathered and friable grains of pyroxenes and books and
flakes of vermiculite can be recognized megascopically. Thin sections of
pyroxenites show granular aegirine augite with vermiculite, apatite and
calcite as major constituents with magnetite, nepheline, anorthoclase as
minor; and monazite and pyrochlore as accessories. ‘

The shape of the aureole of fenitization here is nearly oval surrounding
the carbonatite. The country rock involved consists mainly of the Dharwar
gneissic complex that was granitic. Owing to the variety of rock types within
the aureole and the cover of the soil topping the fenites it is not possible to
delimit zones of fenitization except to record the fact that at the immediate
proximity of the carbonatite dykes and where the veinlets of carbonatite are
profuse vermiculite pyroxenite has developed.

The ultimate product of fenitization to the south is a syenitic rock
consisting mainly of aegirine augite, orthoclase, microperthite, anorthoclase,
sodic plagioclase and albite. The contact between the carbonatite and fenite
is only inferred. In hand specimen the rock has a gneissic appearance due
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to preferred orientation of the mafics and felspar laths about 1 inch in length.
In thin sections quartz is seen to have been replaced by aegirine augite while the
original felspar is altered to microperthite with striped appearance and finally
to anorthoclase. The accessory minerals include magnetite, apatite, monazite
and sphene, the last named being completely absent in the original gneisses.
Occasional appearance of nepheline and analcite in some fenites is indicative
of desilication and removal of silica from the otherwise quartz rich granite-
gneisses. The fenites as a whole are microperthite-albite aegirine augite
syenites.

SYEXNTTES

A shonkinitic ring dyke borders the southern periphery of the carbonatite
fenite complex mentioned above. The main rock type can be traced all along
the length of the carbonatite.” It is a coarse-grained rock with equal develop-
ment of felsic and mafic minerals. In sections it consists of microperthite and
albite, as felsics and amphibole, aegirine augite and biotite as mafic minerals.
On the basis of colour index the rock could be grouped as ijolite, but is
compared favourably with shonkinite on the basis of the mineral assemblage.
This rock type is nowhere exposed along the northern periphery of the car-
bonatite, except for & syenitic aplite dyke at the north-eastern side of the
vermiculite pit. Accessory minerals of shonkinite are monazite, apatite,
zircon, perovskite, magnetite and calcite.

JOKIPATTI CARBONATITE

The carbonatite at Jokipatti has a setting and mineralogy identical with
that of the Sevathur carbonatite. The significant presence of uranothorite
observed at Jokipatti seems to be absent at Sevathur.

The carbonatite alkalic complex as a whole has an area of six square
miles. It has an east-north easterly trend parallel to the shears marked by
faulted contact of the charnockitic region with the Dharwars. The carbona-
tite body is intrusive in the Dharwar granite-gneisses.

Outcrops of the carbonatite are very scarce in the area, as these are
covered by cultivated fields. Some outcrops, however, to the north-east of
the village Jokipatti and south of the village Kundamanda are exposed to
view along small hillocks bordered by fenites and syenites. In the cultivated
fields wide and rich distribution of magnetite crystals serve as indicators of
the carbonatite otherwise covered by scree and soil. The cover of the soil
here is quite thick from 3 to 5 feet. A P,04 content of 2 to 5 per cent from
soils at depth was observed.

The contact of the carbonatite and fenite to the south of the region is
not exposed, but the syenite-granite boundary as marked on the map (Fig. 3)
serves the delimiting horizon of the complex.
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The mineralogy and zoning in this complex is similar to Sevathur, with
a difference that uranothorite is the additional radioactive mineral and
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monazite, pyrochlore and zircon content in the fenites here is more as com-
pared to the Sevathur fenites. The syenites of the complex are exposed
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prominently to the north as well as to the south and form a ring around the
carbonatite complex. The syenites are rich in amphibole riebeckite-richterite
with subordinate amount of aegirine. The felspars which constitute the
major constituent are microperthite and albite, nepheline as well as free
quartz are absent.

GEOCHEMISTRY

The most significant guiding factor that has proved useful in the field is
the radioactivity of the carbonatites. The ankerites and beforsites showed
4} times the background count on portable radiation Geiger Muller Counters,
whereas the sbvites recorded 13 to 2 times the background count. The U304
equivalents varied from 0-01 to 0-04 per cent at Sevathur and 0-02 to 0-2
per cent at Jokipatti. Separation of radiocactive minerals has shown the
presence of monazite, pyrochlore, fersmite and zircon at Sevathur and ura-
nothorite, monazite and pyrochlore at Jokipatti.

Table IT gives the analyses in per cent of the samples analysed at the
Institute of Geological Sciences, UK.

TasLe II

Analyses in per cent

Sl No. Samples Sevathur area Sr Ba y La Ce Nb  eTh? 878r/sesr

1 Sevite 070  0-13 0006 0-03 004 Nil n.a. 0-7053
2 Beforsite 075 006 NiI 002 001 0002 na. 07057
3 Pyroxenite soil 006 nd. 0005 na na. 0-002 0005 n.a.
4 Alkali ambhibole sivite 091 012 00056 003 mn.a nd tr. n.a.
5 Beforsitic sévite 0-85 0-09 0005 003 n.a. nd. e n.a.
6 Magnetite sovite 1-10 0-09 0010 002 na  nd nd n.a.
7 Ankerite soil 0-08 006 0005 0-20 020 2-20 0-13 na.
8 Beforsite 1.23 006 n.d. 001 n.a. tr. 0-005 n.a.
9 Ankerite 0-76 0-16 0005 na. na. nd. 0004 n.a.
10 Sevite of *Jokipatti 1-:00 080 001 6003 nd. 0002 na. n.a.
Note:

1. n.d. - not detected.
2. n.a. - not determined.
3. tr.—» Traces.

* Samples from Jokipatti.

DiscussioNn or Rrsuwnrs

The carbonate rocks examined agree favourably with the known carbo-
natites in respect of both trace elements and mineralogy. Notable is the
abundance of strontium and the enrichment of barium and lanthanum-cerium
rare earths. Presence of apatite, magnetite, monazite and alkali amphiboles
and pyroxenes in these carbonate rocks is characteristic.
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From sample number seven the rare mineral Fersmite (Ca TR) Nb,O,
was identified by X-ray. This mineral is known elsewhere in three different
agsociations (i) Vyahnyevye Hills (Urals, U.S.S.R.) in alkali syenite complex
(with subordinate carbonatites), (ii) with columbite in Ravalli country,
Montana, U.S.A., and (iii) as microscopic inelusions in pyrochlore in several
carbonatite complexes (Panda hill, Tanzania; Séva, Norway; Lueshe, Congo;
East Siberia, etc.).

In mineralogy and trace elements the Sevathur and Jokipatti carbonatite
complexes are comparable with occurrences in Ravalli County, Montana, U.S.A.

Individually high contents of phosphorus, strontium and barium cannot
be regarded as characteristic of carbonatites but collectively enrichment
of P, Sr, Ba, La, Ce, and Nb are usually regarded as diagnostic. Yttrium is
notably less enriched in carbonatites than lanthanum and cerium.

In recent years the #7Sr/868r ratios have come to be considered as an
additional tool to determine the primary nature of materials derived from
below the earth’s crust. The isotope ratios of 87Sr/séSr in carbonatites
vary from 0-703 to 0:706. The mean average of 0-7055 for Sevathur carbo-
natite gives additional proof that these are true carbonatites.

Guipe Lines For FurTHER RESEARCH

Having described the two complexes in some detail, it may be interesting
to discuss the regional geological setting of these. This discussion may lead
to the discovery of other areas where carbonatite rocks in the southern shield
are postulated and could be worked out.

The carbonatite complexes at Sevathur and Jokipatti have a east-north
easterly elongation parallel to the Palar river fault (Fermor 1936). The
rocks south of Palar are charnockites whereas to the north acid granites are
found (Pascoe 1926).

From the considerations of (i) orographical map of India, (ii) greater sus-
ceptibility of charnockitic region shown in the seismic sketch map, (iii) absence
of Purana rock in the charnockitic region and (iv) the hypometamorphic
impress preserved in the charnockites, Fermor (1936) postulated the uplift
of the charnockitic region with respect to the non-charnockitic regions.
Although later workers have been able to show that charnockites have locally
transgressed the boundary originally postulated by Fermor, Radhakrishna
(1968) has produced convincing evidence to indicate that ‘the present
position of charnockites is a result of faulting and repeated uplift’.

Several shear zones parallel to the main boundary of the Dharwars with
charnockites are under investigation for search of radioactive minerals by
the Atomic Minerals Division. In view of the significant location of carbona-
titic rocks and alkali syenites along this line of fault, it is proposed to search
for more occurrences of carbonatites and alkalic rocks.
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Peridotites, eclogites and corundum-syenites of Salem, Sivamalai and
Coimbatore to the south-east of the complex and peridotites of Baster, M.P.,
nepheline-syenites, pyroxenites and gabbros with norites in Baharguda and
Poduguda in Koraput district of Orissa towards the north-east and their
vicinities need to be searched for possible localities of carbonatites.

Agglomerates traversed by calcite veins are mentioned (Pichamuthu
1435) in the vicinity of the Wajrakarur kimberlite. Sen and N. Rao (1967)
report a possible carbonatite ocourrence of Chelima in Nallamala range. The
latter is apparently genetically related to the kimberlite and is being pros-
pected for lead, zinc and copper by the Geological Survey of India. Gangue
of barite, dolomite, calcite, etc., suggest a possibility of radioactive minerals
bheing associated with the complex at Chelima. Wajrakarur and Chelima
open a possibility of further search of carbonatites along the margins of the
Cuddapah basin, which is possibly deposited along a rift valley (Dar 1964).

The K/Ar ages for pyroxenites in Sevathur were estimated at 720430
million vears. The age for Elagiri syenites was determined as 770430 million
vears. These age determinations indicate that the carbonatite alkalic com-
plexes are much younger than the Dharwars as well as the charnockites.
The close age relationship of intrusive alkalic complexes and the charnockite
uplift cannot be ruled out.

The carbonatite alkalic rock complexes and their relation to kimberlites
as available in the southern peninsula is not only of vital interest to funda-
mental research on carbonatites but is also another approach to solve the
century-old controversy about the space and time relationship of the charnoc-
kitic uplift of the southern plateau. Rich deposits of phosphates and other
minerals of which carbonatites are repositories enhance the attraction of this
problem,
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Discussions

Questioner’s Name: Dr. D. N. Wadia
Question :

Is the author convinced about the magmatic origin of Indian carbonatite ?

Author’s Reply :

The 87Sr/8Sr ratio of 0-7055 of the Sevathur carbonatite correlates it
with the rocks of magmatic origin.

Questioner’s Name: A. V. Sankaran
Question :

(1) The Nb content in some of the ecarbonatite suite of rocks show
Nb—0-0029,, which is not any higher than crustal average given out by
many authors.

(2) The La content of some of the samples are greater than Ce is against
Oddo-Harkins rule.

(3) Can he comment on the Sr87/Sr8¢ ratio pointing to the same origin?

Author’s Reply :
(1) The content of Nb varies from 0-002 to 2-19,.
(2) Enrichment of La and Ce over Y is a characteristic of carbonatites.

(3) 878r/8¢8r ratio of samples from Sevathur give an average value of
0-7055.

Questioner’s Name: Bhattacharyy, T. K.
Question :

(1) What are the textural variations, mineralogical changes and chemical
variations? What are the sequencies of metasomatism based on the ahove
from parent rock to the final produce?

Author’s Reply :

The variations show the rock types from vermiculite pyroxenites to ijolites
to nepheline syenites and syenites all after alteration of granitic gneisses.



