
A CHEMICAJ, AND MINElIAJ~OGICAI~ STUDY OF TI-IE 

CELESTITE FROM THE PHOSPHATIC NODULES OF 

TI-IE CNlCTACEOUS ROCKS OF TRICI-IY X 

ln t~*oclz ic t~o~z  -While worlrmg on tlle phosphat~c nodules from 
the cretaceous rocks of Trlcl~y, the author notlced the presence of a 
crystallme whlte inmeral which Iillecl up thc septamn cracks In the 
nod~~les  This mineral was also found to occur as fan-llke racliatlng 
aggiegatcs even in noclulcs whlcl~ wcrc El ce from the septarmn ~iacl ts  
On examitmtlon it was iclentlhcd to be celestitc 

Thc occuil encc oT celestltc in the LI ctaceous ioclrs of Tllclmopoly 
was ilrst I epoi ted by Ramaswalm Slvanl Except lot the following 
rcinarlr wlth a photogl aph, wl~ich 1s i eplocluced In this paper for the 
sake of i efeience, he glve5 no fui ther details He says, " Crystallme 
gypsum m flakes 15 abundant and charactenstlc of the locality , and 
celestme, chalk and belenmtes arc also found associated with the 
pbospl~atlc nodules " Tliough Sivan remarlts that celestlne occurs in 
associat~on wlth tlle pl~osphat~c nodules, he cloes not, l~owever, mention 
that 11 occurs wltlxn the nodules, and his photograph also mdlcates 
only lutnps of: celest~te and not the mneral occumng in the nodule 
Itself 

Even though celestite 1s present in the nodules in fairly large 
cluantltles lt 11,~s been very often wlongly considered as gypsum 
Blanforcls of the Geologicnl Sui vey of Inc11a on superficial exalmnation 
coilsiclerecl the m m e ~ d  to be selenile and he says that it occurs as 
nucleu and as mhltiation-matter filling up c~aclts 111 the nodules, Rama 
Rao' m 111s paper on the phosphatic nodules from Utatui also regarded 
thzs imneral as gypsum Contlaly to these findings, IC can now be said 
that gypsum 1s found only occasionally m the body of the noduIes , lt IS 

more often met with m the calcaieous than 111 the phospliatlc nodules 
Occasionally, gypsum IS piesent In the nodules fillmg up the wlde cracks 





not usually inef. with, a few good crystals were obiained from a small 
c m t y  111 a nod~zle Thcse ctystals were of three definite hab~ts w h ~ h  
were as lollow5 - 

(a)  I-'ooaly dcveloped ciy:,tals wluch wclc t~rbul~l  palallel io 
(001) and elongated parallel to the ciystallogiaph~c axls tr Five forins 
die obseivecl on these crystals and they ale as follows -nz (110), 
1) (010)) c (001), o (011) and 3 (102) These crystals vary in length 
honi 1 111x11 to nearly 12 n m  and in thxkness from 0 5 mm to 
I mix (Fig 1 ) I-'hotogrqh I ,  Fig 6 

7'11c intelfac~al angles arc as follows - 
1 lOA 110- 7hrJ56' , 11 0A O10=5lfl5.5', 001A 011=52" , 01OA O11= 
38" , 001 A 102 - 39"20' , 102 A 102 = 78"401 

Axla1 i~,tio = a b c = 0 7809 1 1 2799 
Reh active i~ldices (sodmxn light) u = 1 6219, 

p = 1  6239 and Y=1,6311 
Y-cr=O 0092 

Very often tlie valuec; for the interfacial angles of these crystals 
weie foui~cl to valy from crystal to crystal So for the purpose ol 
calc~ilatmg the a w l  r ntio, ten meas111 ements we1 e made on cliff erent 
ciystals and the aveidge value w,t\ taken As these crystals were of the 
same chen~ic:d cornpos~t~on t h ~ s  var~ation 111 the ~nterfaclal angles must 
be due lo some abnoinlality ~n the crystal s t~uctme as pointed o~zt by 
T11;ddeefll Uccau\e, these ciystals always have a tendency to folm 
palallel g~owth\  they are alrmged m a fan-11ke manner, the axis of 
elongat~on of each ugstal, v17 , the a czystallograph~c axis forms an angle 
of 2" to 5" with that of the adjacent crystal Thaddeeff has discussed m 
cletail the va~iations m the crystal angles of celestite and he comes to the 
cunclusion that crystals of celestlte are bu~ l t  up of smaller elements not 
exa~t ly  in (4 palallel position but 111 a fan-like arrangement about a paiti- 
cular zone dxis 

(h) Vely poorly developed crystals, tabula1 parallel to (001) and 
equally dcveloped m the chredionb of a m c l  b crystaIlographlc axes 
Tliebe uystals v'u y ni thdmess flom very tlm plates to about 5 nxnl. 





R,tsal clcavagc flakes 01 these ciystals when exanmed undel thc 
i-niciosLope show an elo~lgatccl hexagond outlme, the longer m s  of whch 
coincides with the cc axls and t lm 1s the duection of slow v~biation Z 
As colnmon 111 cele4tlte, the optlc axial plane was found to be parallel to 
( O l O ) ,  the Bx, being perpeild~culal to (001) ancl Bx, parallel to the 
crystallogrnpluc axls n 

A thoioughly put~fied sainple oT the celest~te was subjected to 
chem~cal analysis to deterinine the exact proportions of stiontmm, 
~ ~ I I L I ~ I  and calciunl sulphates present the~ein 

PI epn? nf zolz of the sample fol e~nnzz?zccizon -The phosphatic 
nodules containmg a la1 ge quantity of celestite we1 e I oughly ciushed 
and the small lumps of t h ~ s  ini~eral  were picked out These lumps 
were then treatecl with cldute hot hyclrochlo~ic a c ~ d  and then mashed with 
cl~stllled wdei It  was then c111ecl at 110" till free from inoistule At 
tlns stage a small poltion of t h ~ s  ina te i~d was taken out and ~Itetn~cally 
,~n;llysecl The analysi? showecl 94 pel cent of strontium sulphate, 
3 PLS cent of. the sulphatcs of c d c ~ u ~ n  and bariunl and 3 p c ~  cent of 
qutiitr, The i ewlt oC tlus pieli~ninaly stucly Mac hrst lepo~ted by me 
and Dr I< R I<ildna.;waml 111 " Curicnt Scrence, " (December 1939) 
The i enatnmg poi tion of the m d  el tal was sublectecl to hemy liqtud 
(methylene ~oclicle) sep,uatlon m d  the concentlate so obtained uTa5 
exa~mned uildei a low power microscope Tlaces of ~mpurities, zf 
peseni, were removed by pickmg The hnal col~ceiltl~~ie was then 
clmnxcally malysed as follows 

Method o f  n.mlyszs --As the inineial w,ls found to be itlsoluble 
111 all :iclds, fuslon with soclium clu%oilate was resorted to The £used 
mass wa5 cligestecl with hot water ancl f-ilteied and the iesiclue washed 
wit11 hat clllute socl~~uil carbonate sol~ttlon Silica was cleteinmed both 
in the filtrate and in the reslclue aEtei acicllEying with l~ydrochlo~ic acld 
and e~~~porczt~iig the acid solutions to dryness Sulplmr as SO, was 
deteinlmecl in the Illtlate by precipitating it as bailurn sulphate Phos- 
phorus was cleteriniiled 111 a separate sample by the pllospho~nolybdate 
method 



'rllt\ l ~ l h ( ) ~ ~ ~ ~ ' l ~ ~ ~  1 ~ \ [ ( ~ I I I '  d t l ( h ~  1 I ' I I I ~ I % ' ~ ~ ~  11 t ! ~ ~ t $ i ~ ~ ~ \  (1  11 f ) [ 1 ,  

c,a[caq stronttum md. lll~ri~lnl 1 t I I i l l  1 1 1  It 7.i'1~\ 

flrbt l ~ r c ~ l p t & ~ l  wth m i i i o n ~  :L\ hdroudv,  f ~ l f (  I c 1 1  m1 t1w i)t qut1~t.c 
dtssolvc.cj :gun 111 I~y~l rod i Io~~t  ,N 111 Itnil thi' ~+olltiit~lt \i.ir 1111 11  l t ~ + ~ t t v l  

~ ~ 1 1  t~llrlLy;~n;\tl: a~tl r oiiq~,vetl t olor nnc*trit .dl\ a i t t l  v t h ~ i ~ t l r i  + c or~l,wutlq 

kllnwi1 nmounts oE mill 

'rile Irltrate fiom the Irrm l ~ r  ciqr11,dw rww 1lakltl ,dl tlw t ,rlcwt~i, 
drontlum alld harlunl ;uld tflc ~ ~ p ~ l l ~ \ ~ l o n  ot iilc%.! th1W l l l t t d ~  ollcrlc8ti 
some dlfilctllty Correct v,lluc% \VClth  110t ( \ I l ( i \ l l l ~ l t I  "A l l ~ f l  f i l l o  ( ' d t  111111 

ntlcl stlonClulll wcrc clctcrinu~cd 175 tlic o w l , i t c  i i 1 c 4 1 r d  '1% I t4c omt~wxltlctl 
1 , ~  ~ l ~ ~ ~ ~ ~ a n c ~ ~ ~ c o ~ ~ c l l y ,  nfler S C ~ L I , I ~ . I I I ~  111~. ~ : ~ S L I I I I J  $11 1 1 1 ~ ~  m ~ l l ~ d  
bt:lgc by precipltat~ng IC as chromntu, lhc \ t~o~i t l t~ ln  , L I ~  ( .11( 111111 W ~ O  .it 

ill st pr~c~p~tatecl  as ~,\~lmi:~Le:. .~nd t1&1 L onvcl lad illto i~l~:dcr\ TIIC 
nltraks were then treatecl wfh 1 1 cthei dcollol ~ l u x l r l ~ c *  , ~ t l t I  Itltcrcd 
Calcrurln was cletemlmccl 111 thc i~llr,~tc: ,mcl 4.rorlt1ul11 1 1 1  t l l c b  1risolu1,lc 
portion T h ~ s  n~ethocl ;dso wds not lou~tcl to I x  s,rt~si~bctr)l t So fm~l l j  
;L reversed faixn of this 111letlior2 L V A ~  r \k.) l~t~(l  ,LII(I if. q,ivt,* rclra0lv 
lesults 

The method i s  as follows -The hlti;~tt: ol~t,unctl d tcr  thc ix'oit 
peclpiiatmn was evaporatecl to thpacw :~ncl the ,unrnotlimll hilt\ w t i c  

~ornplelely expelled by rgt~~t~oll The rcs~rluc: lcft ,tCtcr t l ~ s  W ~ L L ,  trtk~tl 
111 cl~lute n~li lc  acd  and the solution WAL, ,i,qam cvapol detl  to r l r  \ l r c w  In 

a sxnall glas.; cllsll The mtrates thu5 olrt,unecl wclc d m  t l  101 ,~ l~r )u t  ,m 
haul at a tempel ature of 185°C m 1  L\ll~wed to c ooj ' l* l l~"\  ~ v t x  1' t l t ~ ~ ~  
dzgestecl t h e e  or four tiinc~ with snl,\ll clu:ult~tlc~ ~t ,111 CEILI , ~ l i  olld 
~nlxture (1 1 mxture of pule rhy ether ;uicl ,ibsc~lntc ,d t  01101) ad thew 
filtexed, Tlie fiitmte was ev,~porated to diylless :rntl. tllc t11y sc\rrluc: tv,ts 
taken 113 chlutc hyd10clhX ~ l c l  mcl the L , L ~ ~ I ~ I I ~ ~  ~,reclcnt 111 12, W,ts 

precxptatecl as oxalate and cleter~l~mecl ,v, usu,tl 'illlc I ~ I W I I I ~ I I C :  T C ~ X L ~ U U  

,ifter the ether dcohol tre3tmellt conlaxnecl bollr ~\trr)ntmlrl , u ~ l  I~as~um 
and these were separated by preclpdatmg the Ixu~uni as clnorrlnte 

acetic acid sohtlon' The filtrate fi  on] the b a ~  ,urn cl~ron& precq-  
tatlon was evaporated to a small volume and the stral~titlni present in 
lt was preclp~tated as SrSO, observmg the usual precautlom. 



SiO, 

Fe,O, 

CaO 

BaO 

S t 0  

SO, 

P2°6 

Loss 

- - --- 

lJer cent 

0 32 

0 I,? 

O 46 

0 78 

54 67 

43 04 

trace 

0 1 2  

Percentage cotn- 
posttlon of the 

variou5 
components 

CaSO,= 0 60 

BaSO, = 1 1'3 

SrSO,= 97 01. 

The iesults given 111 table I show clearly that the mineral IS 

sulficiently pme, the total xnount of: lmprzrities being vely low If the 
mneral coinpos~t~on is calc~~lated from the chemical analysls takmg the 
SO, found as the haw, tlzm all the Sx 0,  and RaO and part of the CaO 
,ire accounted fix &;1., lncing present as sulphates. The whole of the 
BaO is cdculc~ted '~5 BnSO,, because, thrs would be inore 111 keeping 
with the mode of occuitenLe of this rnmerd than rt the whole of the 
CaO IS calculated as CaSO, atid part of BaO left out The presence 
of BaSO, ~n the ilii~lcrdl wo1~111 L)c IIIOI c m keeping with the crystallo- 
graphic data As tliis ilmeral occuls In (1 cdca~eous nociule whlc1-1 IS 
more 01 less f~ ec fro111 hi~l11.1111, it IS reasonable to assume calcium 
rathei t11,in balmrn ds GUI iiliput ity 

OT L ~ W Z  --Nodules holdmg tllxs mineral when broken open, show 
that the veins of this minela1 are restricted to only the black mte~cor 
portlon of the nodules and clo not extend to the hght coloured outer 
shell The outer shell of the nodule, wluclz IS mostly made up of 



c a ~ c l l ~ l ~ ~  ~ l \ r { 7 ~ ~ l l ~ \ t ~ j  1s wry poor 111 L~<\LL\ ,  ~tN1 ~ C K  1 l'i 11 i i  111 ~ ( ' t ~ l  

llol ffllecj up by cde.;ilic So ihc ~v\csh\t:  \\\\a 11 (a  t Nl W-. t\h Wilc i  

core of tile noi-~lc l h  com~~lelcly ~ t l t  out from tllc u l r  I11 1111s 
connectlolz, 11 15 lntcl cstitl~ t~ 1101~ t l l d  tIlc: ( I C ~ P ~ I ~ C  ( K \ LII ' r  ( U ~ V  111 

w]lere tile pll~spll,bte co~l t~l l t  1s h ~ l l  c ~ ~ ~ ( I  ~l~)llldl"s ( h l  b 
Llgllt colourecl calc,areous notluks (uc hcc! ho111 ~~'k"l tdc '  I4ll!ll~crj 
i l ~ e  celestlte occ~lrs not 1>11ls m tilt!. \~lltcll'lrll\ ,\1111 O ~ \ \ C ' I  htl till\ L'l *LC 11% \lilt 
also occurs ln te r l a~ l l l~~~tc~I  cvlth the s i ~ h s t ~ t t ~ ~ c  oI the rrothlli 

&ove f~lldlngh irid~catc: ih,d the cclc5ilte: I I ~ I I ~ ~  Iltlvc: Ic~l'llctl 
elthel slmult;meo~isly ~11th t l l ~  l ) l l ~ \ p l ~ t h ~ ,  11t1d~t  ill^ 1s~tf1lC' i o ~ I ( ~ ~ I o ~ I \  

subsequent to the lo1 inaCton of the phosrJl~Cc\ fi% i , d t  drcr t n  rrhtlcs 
wltll slllall coles of L ~ ~ ~ C I ~ I I I ~  p l ~ ) \ l h l t ~  111 c 101111(1 111 IXXL 11\11 111)01s 111 

the same Iocal~iy, 11 can be assumed t i ~ d  tllc izotlulc\ 01 1(;in,d1\ Iofn~cil 
w a e  strictly cdlcareous (C,ICO,) L i ~ d  t l ~ d  tliev .ivc~i 1,ilcr I ~ $ 1  k l , ~  crl 1 ,y 
cnlcium phosph;itc 7'111\ p r  ocess o[  I e p l l ~ ~ c n i c ~ ~ t  t i l ~ r d  I I ~ I V C '  j)f i 11 C ' L Y I L ~  
vexy slowly mcl was 111mly conlmc(l to tivo (lc[l~utc sl,iq~'s, ' 1 ' 1 ~  { I I ~  

stage i~lvolvcd the iniiltr &on oP 1l1c l-tlioy)l~ ISIL solut~c~r r i t l t  I I t l ic. I N  
of the cdcmous  llodule ,/lid Clic ~ C L O I H ~  CI~,\Q,C I I L V O ~ \ ~ C ~ ~  111~' I i  , L I I ~ L V ~  v l ~ r  e 
of this pllospliorus tourcuds tlic r orc r d  tllc i ~ ~ l t ~ l ~  S t i o l d i t ~ ~ ~  LA U I I  

pounds ]ti solutto~i ~ n m t  Iimc cwtc~ctl the I~O(II I IP ,  ,iI011g i t ~ f l l  t l l ~  
phospl~i t l~  m d t c ~  m l  got l i ~ ~ ~ t l n l I L ~ t c d  w t  ~ I N I  114 1)0r15 I , , L ~ C I  it 
crystdlised ,L\ the sulphdi~ cclcslltc cdllcl i i r  tllc " r t l l ) , f , t~ r~ t*  of tllc 
nodule or icdit~solvcd m l  rcclcposiletl 111 Zlic sul)t,lt l,rrl c I A l*s 

The stiontium rerlullcd lor tlm nluht I l , r \  c i ~ ~ c a u  t l u r  l i  t il ll*olll 
the suriounclmg wllcdl n 1at.11~ l l ~ l l  111 11114 ~wt , t l ,  r Z < l t \ \ ~ l ~ ~ ~ ~  
Dmgci'sT vlcw, it LLUI be suggcstcrl i1~1t tlw orgl t~  ot ccl~mst~ty p, ( ,L114t+~~ 

by llic d r y  of stront~um 111 solut~~rri mto tllc ~ioclt~lc, pirrl~,~l,ly 'is 
$1 (IICO ,) ,, IrOlll ~ l l l ~ l l  lt 15 171 e~ll)lLlt~tI :15 hlllllltrlt~ O\VIIIQ, !:to 1 1 1 t ~ l  r \ ~ I , l i  )ll 

wdh the gypsum drc,dy preseilt xu the ~ ~ ) d u l r ~  'I'llls : l % ' l t ~ t l ~ l , t ~ ~ ~ l  15 

supportccl by the lact that wlule tlrc 111gllly cal~rrctluc, uc\~lutc\ l\,.r\re ,i 1 \ 4 1  
proportion oE gypsuml the nodules iich in pl~ospht)~u\ ,\rl: r ~ l i ~ ~ t ) \ l  ~ l l t  11 ~ I Y  
Erce froin it m d  they hold imtead allnost cqu,il cp,ult~Cy of L,clcstltc 

Brl%wrzu~y-After carefirl cxamuiat~oi~ ~t w , ~ ,  o~ tL~bl t~ l l c t l  t l ld 
the white GI ystdlme tulncral, ~ 1 1 1 ~ 1 1  occxrrs m t h  tilt hotl~r ( o t  t t l t  



I 1 %me q~oln,p-+I ' ~ P L L I I ~ I ~ I I S  01 the IOL i l ~ t y  
(1) I ' l ~ o q > l ~  1 1 1 ~  I I O C ~ U I C ~ ,  1111b~dc1cd 111 yclln\v ~ h y ,  Z I L  SZZ'IL l l le  noclul~\ mly  be y h e ~ l c i l  

(2) ni nv rl ( 1 )  l h c  p h n ~ ~ p h i t ~ ~  II~XIUILLI,  ~ I I L L I  b10l.c11, ~ I V L  1. p e ~ u l ~ r l t  c1yd~l1111e h a ~ t u r t  (d), which 
I L I  I I M I I ~  111 p i ~ l y  L LILW CII I ILI  1nxlule5 ( 7 )  \\'IKII the plio5ph L ~ I L  r~oclulcs unc1cl:o rneathe~ lug the c1 i11t 
L O L L  I I I L ~ I C ~ L  ILI L~LLII  (i) ~ O I I I C ~ I I I I C ~  111~ pl~ospl~itcs mcy 116 p~ L W I ~  111 OIIILI I n ~ m  Ll1d11 the septar~a 
( ( I )  '1 he ndult,\ 11 L L I I L I I I L I L ~  111 4 I IIICI 01 11 t~de~lec l  511 tlt: (lo),  somctlmes ~ 1 n 1 6  (q)  Bctmecn the 
I tnit ind t h ~  nodules, tlre~ c ILI u~lu illy i I { ~ L L  , ~ f  u y z t  illtnt gypurn (8) 1 he ieglon of phospliahc 
irutlulc~ tbouncl~~ 111 g y l ) m t ~  ( l l ) ,  LLIL '~LI I IL  (12) end I K I L L I I I I I ~ L ~  (1'3) 



phospl~atlc nodules, 1s cclcctitc and not gypsum 01 cdwte a\ 'tssumed 
by earliei workel s 

A crystdlographtc study of a few well developed uystals 1s 
given and it 1s shown that these clystJs exh~blt t h e e  deiltllte habits 

A chemical cmalysis of an average sample ~nvalving the c a ~  eful 
separation of calcmn~, strontium mcl baliunl by suitable n~ethods was 
carrred out and ~t shows 97 per cent of SrSO,, 1 2 per cent of BaSO, 
and 0 6 per cent CaSO, 

Flnally 11 1s pointecl out h i t  the celestite is of seconclary orlgin 
awl that the requlsile stionti~zm 1s deiivecl Elom the surroundmg strata 

In conclus~oil the authoi wishes to expless his grateful thanks 
to Dl K R I<nshnaswami, D sc , (London), F I c., for his keen mteresi. 
and constant encouragement througl~out the course of this woilr and 
also for much helpful LI ~trclsm HIS tl~anks a1 e also clue to Srr C. V 
Raman, Kt,, I? n s , N I, , of the Physics Department of this Institute, 
for dlowmg Iurn to use the various optical itlst~uments m hls 
clepa trnent 

PI-IOTOGRAPI-IS 

k'12 1 --Photog~,~ph iep~orlu~ecl  flom Si.canls papel Spccimet~ No 12 S~KXVS 

lhc lulllpwof ~clcstrnt 
2 -A phosphntlc nodulr. cut acioss and polisl~cd showing lllc pcsence of 

whilc c c l ~ s h l c  v~ins-g nntu~al s u e  
l?lc< .I -A p h o s p l ~ ~ l i c  nodule cut acioss showing n g ~ o u p  of w h l e  ~acliatlng platy 

agglcqatcs of cclestlte-1 n,llui,d slfc 
4 --Shows a 511111l,z1 lacltattng g o u p  01. cele~tlte ctystals as l?lg 3, but the 

c e rhe  of cbystnlhsatton IS not s smgtc polr~t but i t  1s n culvecl h e  mdl- 
~ ~ t i n q  tllc cl~litlug aE the cenke-1 natuldl sue 




