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ABSTRACT

Carbonate rocks are often of economic importance depending on their CaO content. A calcareous rock containing
CaO >52%is predominantly calcareous andis considered as high-grade ore for various industrial purposes. A
deposit in Andhra Pradesh, Borra area is endowed with such high-grade resources of crystalline carbonatite, in
view of their utility in glass industry, is presented in this paper. Analytical results of 10 samples from this area,
show that these carbonatite/calcite resources contain an average of 53% CaO and are very well suitable as raw
material not only in in glass industry but also in others. A systematic investigation to estimate the resources and
proper environment- friendly mining is indeed necessary.
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INTRODUCTION

The Borra calcite deposits were discovered whetisBrigeologist, William King unveiled huge caveskiarstic
terrainin 1807, extending for few kilometres undertmd, located about 90km north of Visakhapatnanthi
Anantagiri hill ranges of Eastern Ghats (800-130&tars MSL) in Andhra Pradesh. The carbonate ro€l&oora
contain enriched CaGzalcite) and the deposits predominantly contaystalline calcite.

Along with other natural raw materials like quartglica sand and dolomite, CagQ@limestone/calcite) is
proportionately used as an important ingredienglass making. Limestone is used as a raw matarighrious

industries depending on its grade. High-grade liores (>52 CaO %) is commonly used as raw materiahrious

industries like glass, ceramics, iron & steel, ctoa fertilizer, foundry and sugar industries.daneral the term
limestone is applied to any calcareous sedimentack consisting essentially of carbonates. The twost

important constituents of limestones are calcitg @mlomite. Limestone often contains magnesiumazate, either
as dolomite CaMg (Cg), or magnesite(MgC¢ mixed with calcite. Yet another source of calégearbonatite of
igneous or meta-igneous origin.

Most of the industry needs of high-grade carbomate materials in India are fulfilled by importingoi foreign
countries. However India is also endowed with ggadlity high-grade resources of the mineral. Irs thaper an
account of calcareous deposits of Borra area afkfiapatnam-Vizianagaram districts of Andhra Pradestade to
report their suitability to glass industry. No fifsand information is available on the availableowrces of this
deposit and of late there was a concern raisedtsl kommunities against mining as it may imbalatheelocal
ecology and environment.

Glass-grade limestone/calcite specifications

Glass Industry requires high calcium limestone 96 CaCO3) and 97.5% of combined CaGihd MgCQ. CaO
should be 53% and CaO + MgO needs to be 54.50%aSiBi02) is permissible up to 2.5%. Iron and othe
colouring matters are regarded as objectionable F®@; should be up to 0.20% (max). For colourless glass,
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limestone should contain 98.5% Ca{J@in), iron content as K@, should not be more than 0.04%; and for bottle
glass, Fg0; up to 0.05% is used [2].

LOCATION
The study refers to Borra area, where the depositse amidst picturesque location @éfraku Valley of
Visakhapatnam and adjoining Vizianagaram distiigtgure 1).
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Figure. 1. L ocation map of Borra area, Visakhapatnam-Vizianagar am Districts
(Source: www.wikipedia.org, 1:250K Toposheet of University of Texas Library)

GEOLOGY & MINERALIZATION

The regional geology in the Eastern Ghats belt (EGere the calcite deposit is located, is represkby the
Khondalite suite of rocks (Quartzo Felspathic Gar@#limanite +/- graphite gneiss) of Archaean agbe area
forms a part of the middle migmatite belt of the EEG-ig 2). The general trend these rocks is NNE-S8¥ an
easterly steep dip. The upper most Quaternary dsposnsist of red bed sediments, laterites, pediniens,
colluvium, alluvium and coastalsands. The calcapasit occurs in the reserved forest area congistiri4 villages
inhabited by tribal communities.

The archaeo-geological monument, Borra caves asdistance of 3km from the mine site, basicallytha@svariety
of speleothems of different sizes and shapes krasistalactites and stalagmites. The calcite defgosit extension
of the same and is located towards North of Boanges. The geological action of Gosthani River,io&tgng from
the Borra caves, flowing through the Karstic cadterformation, is the cause for the developmeth®fodd shapes
of spelean structures. The marbles, pyroxenitescaluite-apatite rock of the Borra complex variguskerpreted as
of igneous or sedimentary origin has many simiksitto the pyroxenite-carbonatite-magnetite depasdit
Samchampi of Assam [4]. The calcite deposits ofrB@re referred to as crystalline carbonatites. gyrexenite
outcrops are dark and massive and include disaomtiis calc-silicate bands, some of brown mica ahdretwith
calcite. The calcite occurs in the form of bandd aeins with typical rhombohedral cleavage, cogrseystalline
and in different colors (white, pink, blue & blueegn) depending on the metal ion present as anritppu
resembling marbles.

These deformed, crystalline and banded marblesrcaviiangular area of 2.1 Kmsurrounded by Diopside—
scapolite—feldspar calc-granulites exhibiting ptygim folding (Fig.3B).

Old workings for calcite and mica exist in the asga mining activities were banned due to Tribal ixcthe past
two decades. Drilling was carried out by public gmiyate organizations in the past. GSI and Statpditment of
Mines & geology conducted exploration for limestared carbonates in Andhra Pradesh; also Mineraldexgion
Corporation Ltd (MECL) is engaged in explorationliofiestone [5].However the limestones resourcesnastd in
Andhra Pradesh comprise 20% of total limestoneuress in the country. In India, grade wise, cenggatle has
leading share of about 69% followed by SMS & BFdgs (12%) and chemical grade (3%). Remaining 1686 ar
miscellaneous, not-known and unclassified grades$fdrmation of evaluated resources of specificaligh-grade
limestone/calcite resources is not available inliteeature.

About 46.61 Hectares, of mining leases of APMDahmalapadu village and 21.75 Hectares of minirapés
granted to private parties exist at Jeerigeddaaiiaram, Thuburthi of Anantagiri sector, Vizianagardistrict [1],
which remain inoperative.
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Figure 2. Regional geology of Eastern GhatMobole Belt and Borra Caves area[(3), (8) (9) and (13)]
Blank space represents quartzo- feldspathic gneisses. R.S:: Railway Sation)

MATERIALSAND METHODS

About 10 samples were collected from fresh in-sixposures of carbonate and crystalline calcitizaddb. The
samples were analysed using XRF, to determine afarmomponents. Analysis was limited to calcitestailine
carbonate samples only.

Field Relationship

RESULTSAND DISCUSSION

The field relationships of the Borra complex shdmttthese rocks are either a sequence of stronglgmorphosed
and folded carbonate and silicate sediments omtinsion of pyroxenite and carbonatite that hasnbsteongly
metamorphosed, folded and recrystallized. Hencg #ne not strictly calcite deposits. Field relatbips at Borra
were given by Ramam and Viswanatham [9] and by R@8p The former considered the rocks to be carbtoa
and the latter contradicted this based on minesakmblages and opined a sedimentary origin. Ratrehe
Leelanandam [11] considered the carbonate rocloataBo be a carbonatite and one of several inltaalmng the
east coast of India. Field photographs displaydibposition of Borra carbonate rocks (Figure A-D).

Quality & Quantity

The geochemical analysis of the samples revealad ttte Borra carbonate rocks are of high qualite do
enrichment in calcite with respet to industrialgsdTable 1 and Figure 4).

Table 1. Chemical analysisof crystalline carbonatite of Borra area

SampleNo. | CaO P,0s | FeO3 | FEO | AlLO; | SO, | NaO | SrO | MgO | SOs F Cl
BC1 54.34 | 40.62] 0.054 0.0 0.065 0.13 0.02 0j03 1.5320070] 2.39| 1.29
BC2 5486 | 41.87] 0.098 0.09 0.059 0.07 0.03  0j07 1.230980] 2.41| 1.21
BC3 53.602| 40.35] 0.065 0.06 0.066 0.9p8 0.02 004 1,508008| 2.33] 1.19
BC4 53.492| 40.58 0.05] 0.05 0.088 1817 0.02 003 1/186054| 2.56| 1.22
BC5 5157 | 4198/ 0.087 0.08 0.101 12y3 0.02 005 30P033| 2.44| 1.23
BC6 50.317| 41.33] 0.097 0.0p 0.082 1.3P8 0.3 003 4/081127| 2.22| 1.2]
BC7 54.282| 40.66] 0.117 0.10 0.084 1.12 0.03 003 0,80m03 | 2.67| 1.28
BC8 54.708 41 0.076) 0.0 0.0990 1.034 0.03 0j04 0.4710610{ 2.87| 1.32
BC9 53.24 | 40.32] 0.132 0.12 0.088 1.13 0.03 0j07 0.p1205Q 2.66| 1.34
BC10 5445 | 41.78] 0.098 0.0¢ 0.088 1.15 0.02 0j08 0.489330 2.78] 1.2
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Figure 3. A. Contact between migmatitic host rock and crystalline car bonate (calcite) B. Ptygmatic folding in migmatitic host rock
C.Drawn out bands of dark diopside- rich pyroxenite interbanded with pale anorthite-scapolite-Al diopside D. Pyroxenite interbanded and folded
with white scapolite-bearing marble[7]
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Figure 4. Trends of major oxidesin samples

Technical information on reserve estimation is km@é with public organizations and results of istigations
conducted by the private organizations are undsedoor unavailable due to local community issueswéver,
approximately80-90 Tons of boulder dumps are alliléor crushing and industrial use. A systematiestigation
may give rise to a clear understanding about tea@serves present in this area.
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Petrogenesis

There is a controversy regarding origin of calcasecarbonate rocks of Borra. Limestones commonie bxé.5%
[12]but it rises to 10% or even more in the vigmdf sedimentary phosphate deposits [6]. Howeverbtea
occasionally contain prismatic crystals of fluortiieaat Borra, which would not have been originatridal apatite
but more likely would have been formed from phomsplus bearing organic matter originally preservedtie
mineral dahllite. At Borra, the association of marnith pyroxenite in metamorphic terranes is ndiéation of the
presence of metacarbonatite. Marble of sedimentaigin can be mineralogically identical to carbotstthe
assemblage phlogopite-magnetite-apatite-calcitegpedmmon to both and pyroxenites can be of eihigin. The
presence of anorthite, scapolite or spinel is gdhea clear indicator of a limestone origin. Ag fige investigations
made by Le Bas et al., calcareous rocks were teasetharbles and are evidently metasedimentary. Eoand
REE contents and the presence of europium anomaaliminous minerals indicate a source rock withh Al
which is rare with carbonatites but common in dgéous limestones indicating that Borra rocks earelently
metasedimentary[7].

CONCLUSION

By virtue of its high-quality (average 53% CaO)e tBorra calc-carbonate deposit is very much udefuise as a
raw material in the glass making industry. A sysidmenvironmental friendly mining methodology isavoidable,

if these deposits are revamped to mining eitheutulip or private sector agencies. The increasedausé glass in
green buildings and constructions, demands incdepseluction of clear glass, which demands enhasapgly of

glass-grade natural raw materials out of which {ggide limestone/calcite is one among them. Heepesits like

Borra, need to be thoroughly evaluated for miniagsfbility in an eco-friendly manner which will algienerate
employment to the local communities.
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