A CHEMICAL AND MINERALOGICAIL STUDY OF THE
CELESTITE FROM THE PHOSPHATIC NODULES OF
THE CRLETACEQOUS ROCKS OF TRICHY*

By N Jayaraman

Introduction —While working on the phosphatic nodules from
the cretaceous rocks of Trichy, the aulhor noticed the presence of a
crystaline white mmeral which filled up the septaian cracks m the
nodules Tlus mimeral was also found fo occur as fan-like racialing
aggregates cven in nodules which were fice fiom the septarian ciacks
On examunation 1t was wdentificd to be celestite

The occuirence of celestile m the wictaceous 1ocks of Tichmopoly
was first 1epoited by Ramaswanu Sivan' Except for the following
remark with a photograph, which 1s 1eproduced n this paper for the
sake of ieference, he gives no fuirther detals He says, “ Crystaliine
gypsum m (lakes 15 abundant and characteristic of the localily , and
celestine, chalk and belemmtes arc also found associated with the
phosphatic nodules ”’  Though Sivan remarks that celestine occurs mn
associalion with the phosphatic nodules, he does not, however, mention
that i occurs within the nodules, and lus photograph also mdicales
only lumps ot celestite and not the nuneral occuiring in the nodule
ilself

Even though celesiite 1s present i the nodules in fauly large
quantities 1t has been very often wiongly considered as gypsum
Blanford® of the Geological Smivey of Incia on superficial examunation
considered the mumeral to be selenie and he says thal it occurs as
nuclen and as mfltiation-maltter filling up ciacks m the nodules. Rama
R20® m his paper on the phosphatic nodules from Utatw also regarded
this mmeral as gypsum  Contiary {o these findings, it can now be sad
{hat gypsum 1s found only occastonally m the body of the nodules , 1t 1s
more often met with n the calcaieous than m the phosphatic nodules
Occasionally, gypsum 1s piesent i the nodules filling up the wide cracks

*N Jayataman and K, R Kushnaswamy, Curr Scz, 1989, 8, 553
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which fermmate of the sorface I occwms very offen alwo as a thick
surface coverme on the outer shell ol the nodule

Meguscopee cond Mecroscopie properfoes --"The celestide oceurs
as tarly thick vems and also as tdhafimg and platy and acconlar erys-
fallme aggiegates s appearance v wlowless to winte and o »
fransparent to transluscent wilh o vdreous {o subwitreous lustre, It
also occurs as seattered grams and blades o groups of 1adiating crystals
spread out i o fan-ihe manner thoughout the entiie mass of the
nodules, bewmg parbicululy abundant m the duk wmlerior  Sometimes
i 16 found concentrated mthe centre of the nodules, suggestmg <o to
say, psewdo-nuden around wlhich  the nodules  we bult up  The
strontim mpltration product appears 1o have aeplaced  the orgmal
nuclen of the phosphatic nodules  The celestde s almost conupletely
absent m nodules of veiry low phosphorus content  Thes muneral 18
found assoctated with gypsum, caleite, dolonute, quaits and also an
vellowish=-brown mmeral, collophamte or konmclate o o phosphate
mmeral refated o these A thovough mvestigation of the mmeral 15
now m progress  The typreddly seplartan type of nodules hold only o
very small quanddy of ths muneral

Ou the average the celestile torms about thiee per cent of the
{otal mass ol the nodules although w sonie nodules it s so abundant
as 1o Torun about 15 par cent Most ol Hus celestide ocetus as miegular
masses and shapeless grams - When eaanuned under the nucroscope
this celostite presented {fom sels ol cleavages of wluch thice wae
petfect and the tuth was rather unpertedt Two of these thiee
perfect sels were tound 1o be parallel 1o the prsm laces and these were
found to vut caclr othur at an angle of 769 The thimd one was paralicl
to ¢ (001) and the fourth was parallel to & (010)  Under the micro-
scope thi plates o celestite show small tounded grams ol @ hrownishe
vellow nuneral as medusions, either solated ot mogroups These grams
are alost sotropre and appear io be made up ol 4 phosphate mmeral
In many cases spherteal mdusions of quartzim the celestide were tound
covered by a shell ol tlus brownsh-vellow mueral

Urystallography —Though  perfectly  developed avstals g
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not usually met with, a few good crystals were oblained from a small
cavity in anodule  These ciystals were of three definte habits which
were as [ollows —

(@) Poorly developed cirystals wlich weie tabula paallel 1o
(001) and elongated parallel to the ciystallogiaphic axis «  Five forms
aie obseived on these crystals and they ate as follows —m (110),
b (010), ¢ (001), 0 (011) and d (102) These crystals vary m length
hom 1 mm {o nearly 12 mm and i thickness from 05 mm to
I mm (Fig 1) Photograph 1, Fig 6

The wieifacial angles are as follows —

TIOA L10=75h°56", 110A 010=51°55" , 001A011==52°, O010AOQll=
38°, 001 A 102= 3920, 102 A 102 =78°40'
Axnaliatio=a b ¢ = 07803 1 12799
Reftactive mndices (sodium hght) «=1 6219,
B=1 6289 and v=1.6311
Y—u=0 0099

Specific gravity (powder) =3 9853,

Very often the values for the mterfacial angles of these crystals
were found to vay from crystal to crystal So for the purpose of
calenlating the axial 1atio, ten measmements were made on different
uystals and the aveiage value was taken  As these crystals were of the
same chenucal composttion this variation m the mterfacial angles must
be due 1o some abnoimalily m the crystal stiucture as pomted out by
Thaddeell” Because, these ciystals always have a tendency to foom
parallel growths o1 they are mranged m a fan-hke manner, the axis of
elongation of each aystal, viz , the a ciystallographic axis forms an angle
of 9° to 5 with that of the adjacent crystal  Thaddeeff has discussed
detail the vauations 1n the crystal angles of celestite and he comes to the
conclusion that crystals of celestite are buill up of smaller elements not
exactly m a paiallel posttion but n a fan-like arrangement about a paitr-
cular zone axis

(b) Veiy poorly developed crystals, {abulai parallel to (001) and
equally developed in the directions of @ and b crystallographic axes
These ciystals vay m thickness from very thin plates to about 5 mu,
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{hickness  They ae very poor m {aces and the prodonnnent form s the
basal pmacoxl  Specthic gravidy 078G (Photowraphe 1, g 6)
() Well-developed  crystals with o prsmatic bt doveloped
parallel to (U11) or the aystallographic axes « exlubiting the devclop-
ment of only two promment forms, viz, the prism (110) and the brachy
dome (011) (Fig 2). Only m a few cases were a poor development of
(102) and (010) noticed,  The aystals vary e lonath from Ty o
nearly 2 ¢ms, and m {hickness from 02 mm to 5 mm (Photograph 3,
Fig 6).
The miefactal angles are as {ollows —
TIOA 11O =738, OLIAOIT 104"
Axtal talio, o b O 7808 [ [ 2819,
Refiactive mdices (sodwm Tight) o 1 6223
B=1 0938, =1 G513
Y-=a= ) 090
Speufic gravity= 5.08 11,

}
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Fig 1

bre, 2
Celestite crystals
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Basal cleavage [lakes of these crystals when exammed under the
micioscope show an clongated hexagonal outline, the longer anis of which
comcides with the @ axi» and this 15 the duection of slow vibiation Z
As common m celestile, the optic axial plane was found to be parallel to
(010), the Bx, bemg perpendiculas to (001) and Bx, parallel to the
crystallographic axis a

A thoroughly puitfied sample of the celestite was subjected to
chemical analysis to determine the exact proportions of stiontium,
batium and calcium sulphates present theiemn

Py eparation of the sample for evamanaleon —The phosphatic
nodules contaning a laige quantty of celestite weie 10ughly ciushed
and the small lumps of this mmeral were picked out These lumps
were then {reated with dilute hot hydrochloiic acid and then washed with
distilled water It was then died at 110° till free from moistuie At
{lus stage a small portion of thus mateiial was taken out and chemuically
analysed  The analysis showed 94 per cent of stiontium sulphate,
3 per cent of the sulphates of calctum and barium and 3 per cent of
quattz  The result of this prelimimary study was first 1epoited by me
and Dr K R Kushnaswami m “ Curtent Science, ” (December 1939)
The 1remammg porlion of the mateual was subjected to heavy liqud
(methylene 1odide) sepatation and the concentiate so obtamed was
exammed under a low power microscope Tiaces of mmpurities, if
present, were removed by picking The final concenliale was then
chemically analysed as follows

Method of analysis —As the mineial was found to be msoluble
in all acids, fusion with sodium carbonate was resorted to  The fused
mass was digested with hot waler and flieied and the 1esidue washed
with hol dilute sodium carbonate solution  Silica was deteinuned both
mn the filtrate and n the residue after acidifying with hydrochloiic acid
and evaporatng the acid solutions to dryness Sulphur as SO, was
deteinmuned m the filtiate by precipitating it as baimum sulphate  Phos-
phorus was determmed 1 a separate sample by the phosphomolybdate
method
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The msoluble tesdue atter the removal of aliva contatied nog,
caleuun, strontim and barin Trton was eshinnatedd as tollow o Tt was
first precipiated with ammonia as hydrosude, fltcred and the precpitate
dissolved agam m hydrochlone acnd and the sobthon was then freated
with thiocyanate and compared colonmetrn ally with solufion s confuning
known amounts of won.

The tltrate fiom the won preapitation now held Wl the calom,
strontmam and barrum and the sepatation of these three madals offered
come difficully  Correct values were not oblwmed when the calowm
and sttontum were determmed by the oxalate method as recommended
by Hillebrand® Secondly, afler scparating the barnun ol the wuhal
stage by precipifating it as chiromate, the sttontium and calomumn were at
tnst precipitated as carbonales and then converted mto wirates  The
mirates were then ireated with | | ether alcohol muture and fllered
Caleium was determmed m the filtrate and strontnum e the msoluble
portton  This method also was not lound to be satislactory  So fimally
a reversed foum of thie method was adopted and o gave reliable
1esults

The method 1s as follows —The fltiate obtamed alter the wrou
precipiiation was evaporated to ciyness and the ammomum salts were
completely expelled by igation  The residue left after this was taken
n dilute niliic acid and the solution was agam evaporated to diyness m
a small glass dish  The mirates thus obtamed were died bor about an
hom at a tempeiature of 135°C and allowed 10 ool They were then
digested thiee or four times with small quanties of an ctha alcohol
muature (1 1 mixture of pure ciy ether and absolute alcohol) and then
tiltered, The filtrate was evaporated to diyness and the diy resudue was
{aken m diute hydiochloric acid and the calaum present m it was
precipiated as oxalate and determmed as usual  The nsoluble residue
after the cther alcohol treatment conlamed both strontrwn and baruun
and these were separated by precipdating the bamum as chiomate
i acetic acid solution®  The filtrate fiom the baium chromate precipi-
{ation was evaporated to a small volume and the strontum present n
1t was precipitated as Sr80, observing the usual precautions.
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TasrLe [
The « hemuweal composition of the celestite

Percentage com-
Oxides | Per cent Mol Proportions posstion of the
various
components
S10, 0 32
Fe,O, 015
00040
Ca0 046 00084 } CaS0,=0 60
00044
BaO 078 0 0051 BaSO,=1 19
S10 54 67 05285 SrS0,=97 01
SO, 43 04 0 5380
PO, trace
Loss 012

Total 99 54

The 1esults given 1n table I show clearly that the muneral 1s
sulficiently pute, the total amount of mmpurities bemg very low  If the
muneral composttion 1s calculaled {fiom the chemucal analysis taking the
S0, found as the bass, then all the $10, and BaO and part of the CaO
are accounied {on as bemg present as sulphates, The whole of the
BaO 1s calculated as BaS0O,, hecause, this would be more mn keepmng
with the mode of occuitence of {lus mueral than # the whole of the
CaO 1s calculated as CaSO, aud part of BaO lefl out The presence
of BaSO, in the mineral would be more m keepmng with the crystallo-
graphic data  As lhis mumeral occats 4 calcateous nodule which 1s
moie o1 less fiec from baimum, 1t 1s reasonable o assume calcium

rather than bauum as an mpuauty

Orugen —Nodules holdimg this mmeral when broken open, show
that the vemns of {lus mmeial are restricted to only the black mtercor
portion of the nodules and do not extend to the hght colouted outer
shell The outer shell of the nodule, which 1s mostly made up of
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caleum carbonale, 15 very poor m crachs, and crachs even b prosent ace
not filled up by celesiie  Ho the celeshite whn hooscupies e miney
core of the nodule 1v completely cut out from the ontside T thi
connection, 1 1s mictesting o nofe that the celestite occurs ondv
nodules where the phosphate content s high and the nodale 1 daik
Light coloured calcareous nodules are fiee from celestite Truither,
the celestite occurs not only m the septaran and other sbias ek b
alsa occurs mterlamimated with the substance of the noduk

The above findings mdicate thatl the celestite must have tormed
erther simultaneously with the phosphates under the same condidions or
subsequent to the formation of the phosphates  As calvareous nodules
with small cores of calcuim phosphate are tound m Jarge munbets m
the same localdy, 1 can be assumed that the nodules ongmally formed
wete strictly calcareous (CaCO)) aud that thev werc later replaced hy
calcrum phosphate  T'his process of 1eplacement must have proceedud
vely slowly and was mamly confmed to two definte stages,  The st
stage volved the mbraion of the phosphoric solution nto the body
of the calcareous nodule and the second stage mvolved the franstereme
of this phosphorus towards the core of the nodule  Stionlimm vom
pounds m solution must have entered the nodules along with the
phosphatie mmattar  and  gol accumulaled within s bhody  Tater o
crystallised as the sulphate celestde edbher m the substance of the
nodule or 1edissolved and redeposited m the septanan cracks

The stronbum requoed for this must have been dened from
the surtoundmg wea which 15 wather weh m ths metal. Adopling
Dmger's" view, it can be suggested that the orgim of celestite 1o ¢ansed
by the eutry of strontium m soluban wio the nodule, probably as
S1(IICO,), from which it 15 preaprated as sulphate owing to mberaction
with the gypsum already present m the nodule  Tlus assumplion 1
supported by the fact that wlule the hughly calearcous nactules have 4 hielh
proportion of gypsum, the nodules 1ich 1 phosphotus are almost entuely
free from 1t and they hold mstead an almost cqual quantity of celestile

Summary —After careful exammation 1t was established that
the white ciystallme mumeral, which occurs within the bodvy of the



B 1 Some geologieal speeimens of the locilhity
(1) Pho~phitic nodules, unbedded m ylllow vy, 22 s2d2 Lhe nodules may be sphericil

(2) or ovd (3) lhe phosphitic nodules, when broken, grve 1 peculiar crystalhine tracture (4), which
15 thaent 1t purely ¢tlearcous nodules (7)) When the phosph itic nodules unde 2o weather ing the duk
core astde 1 oseent (3) Somctines the phosphiates may he present i olhar founs than the septaria
(0} The nodules ve uddosed o+ nind ol hudened shile (10), somctimes chalk  {9) Between the
vind and the nodules, thao s wsudly «lga of aoystidline gypsum {8) The 1egion of phosphatic
nodules thounds m gypsum (11), ocdestine (12) ind belenmates (19)
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phosphatic nodules, 1s celestite and nol gypsum o1 calute as assumed
by earlier workeis

A crystallographic study of a few well developed uystals 1s
given and it 1s shown that these ciystals exlubit thiee definile habits

A chemical analysis of an average sample mvolving the caieful
separation of calcium, strontrum and bauum by suitable melhods was
carried out and tt shows 97 per cent of SrSO,, 1 2 per cent of BaSO,
and 0 6 per cenl CaSO,

Fmally i 1s pomted out that the celestite 1» of secondary origin
and that the requsile stiontium 15 derwed fiom the surrounding strata

In conclusion the authot wishes {o expiess his grateful thanks
to D1 K R Krishnaswami, p sc, (London), F 1 ¢, for his keen interest
and constant encouragement throughout the course of this woik and
also for much helptul citicism  His thanks aie also due to Sir C, 'V
Raman, Kt.,, F s, NL, of the Physics Department of this Institute,
lor allowmg lum to use the varous optical mstiuments m  his
department
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PHOTOGRAPHS

[f1g 1 —Photogtaph ieproduced {1om Sivan’s paper  Specimen No 12 shows
the lamps of celestme

Fig 2 —A phosphatic nodnle cut acioss and polished showing the picsence of
white celestite vans~ natural s1ze

Fig 3 —A phosphalic nodule cul acioss showing a group of while tadiating platy
aggiregates of celestite~? naluial sizce

Fig 4-~Shows a simular 1adiating group of celestite ciystals as Fig 8, bul the
centie of cyysiallisation 1s not a sigle pomnt bul 1l 15 2 curved line mndi-
cating the dudting of the centie~t natnal s1ze
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Fig B - Mucophologiaph of a bisal cleavige tlake ob vole ite Sl vy
nunate spherwcal grams {(dak points) ob oo yelfow nanemal
which occm both as seatteted guums and we eroup., i Between
patallel nicals

Fig ¢ ~Cuystals of celestile gathered from a cavity v the phiophate nodinb

1 Ciystals clongated parallel to the a v and thadbened padid
lo ¢ (001)
Ciystals elongated patallel o 2 asts and wathond the developient
of any facc
3 Well developed ciystals elougated parallel (o the o asay, tod
almost equally developed along b oamd ¢ v s
4 Impafeelly developed erystals tabul v patallel to o {B91)

Fi1g 7 —A phosphatic nodule cut actoss showing the Lepu al woplarnn e w ko and

the Jmost complete absence of « cleshite
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