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THE -atl~IVE ~01{ OF ~.i:LCITE A$So;c~ : 

WITH c.AlmO~-ltEAlm{G APAT!IJ:!U 

.d.i:stin:gdshed .frllla. tltat ~ombi:n:ed ~s: e.ar~t.e,..;apa.tite, :.Q:r p~s:en.t irt lfQme: 

form other t)t.;a;n ;Calcite, 'Dt 11.ae· ot Xwiray pevder :pat.terns_, :di.£f'erent;Lal 

thermal :a.na1pe:s:, and .dii*re-re:n.tial solubill.t~ tes:t1i ~ ··!!!he;~ methodS were 

tt.J)plied to se:veral ptilre: a))atit:e lrlilteral.s-;- tf); ~e .fossil lJnlt~,- -~d t"O-:a 

g$1@ Of' phQ&pkerite·s £rem the Pkospllo-rm .f~rnath;ttt $f' Pe;emia;a. age· .frcnn. 

Trail canyGJt:and the CttndS.lJiilte, I~1 _and :tJ;;te· Lake~ diSt~int:t Utah,. 

· Wi:t$. the ~llt.i®.S: o~ ~fluorapatite·, plflr$ earbolaate.;;.fllJ$npat_i~e, 

the f:Q.e:sil bG.lt~, ·eel one p~pkarit;e fr~ Trail Cs;n~nJ- tlte:se : $Ubs:t;;an~e:s­

c(ll'ltB~1=n ~g ~ts o.t t!alcite:1 bll't h .all the .amap~~-a _a;n:_ ~e~.ilfb:le 

part of the l;!ar~te e;ont,at 1:s J.tO;t p~at n alr:it,e:~- The reS'U;l.t:s ·nf 

$'ol.Uilitr tes-ts:·, in whi¢h th-e :Par:Uele $1:4~ pf ~J.e- and the length. ,&f' 

soluti~ time ~re varied, im;pvJ.y that. tke -¢ll.rhclfate ®nt.~t is llW:t. 1Qte· tQ:· 

~hi-elded eal.aiie elltr,e:,ppe.d ~allg a:r:t inte~l •e'twnrk ;Qt :s,~fae,es ., 
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INT!iODUCTION 

The existence of aarb_onate....apatite as a. distinct mine·ra1 COD$tituent 

·of bone_, teeth,. .anti phosphor! te is not wU.ver.sa.l1y .accepte-d. HendrickS 

and 11i11 .. (1950~ :pp. 731·737) attribute the carbonate content of bou.e .and 

of' all carben:ate-bea.ring apatite:s. to carbonate entrapped in hydroxyla.:patite 

or in hydrated tricalcil,un phosphate .. Other workers. (Dallemagne, Brasseur, 

and Melon, 1949,: pp. 138-l45; Dalle.magne aud .M~lon1 1945, pp. 597..-599) 

claim that ·bone is .a mixture· o.f' trlcalcium phosphate and calcium. carbonate, 

but they do not que:stion the ·existence of carbonate!O!o4pa.ti te as .a distinct 

mineral p·has.e in dentine.. MeConnell aud. Gruner ( 1940, p:p.. 157 •167) recog­

nize carbonate .... apatit:e as a .single homsge,n.eous mine-raL. The contro.ver.sy 

b.Q been summa.r~ed by G.eiger ( 1950) pp. 16~·181) . 

Staining method$ (see appendix.) hltV.e indi:cated that :an appreeiabJ.e 

put ·of the carbonate co:nt:ent of natural phosphorites is present .as c:alci te ~ 

In order to deternu.ne quantitatively the amo:unts of carb0nate pre:s:en.t as 

calcite and $ c'arb:ona.t.e not, combined as eal.<:i:Ce:, carboE.ate ... b.earing phQ4• 

phor.it,es were ex.ami;ned by three in:d;ependent meth0:ds': X-ray B.IUUys is 1 

d.if.fere:nt.ial the:rm.s.l a:tt:S.lysis, and d;i.ff~rential :s'o]lit;)ili ty tests .• 

Thi.8 work w:~ completed a.s p.art .of a prp;gram lll.'ldertaken by the 11. S • 

Geologics;l S·l.ttYeT on behalf of the Atollda: Energy Commission .. 

'The 'Writers are indebted t .Q their :associates :a;if the U. B , Geologi-cal 

Survey for tecbnica;1 a,s.~itrt~mce--to :a:e:nry Mela.1 Jr., I. krlow7 :and A. M. 

Sherwood for the e·arbon dioxide ana;lyses; to. E. A. Cisney,. whO: pr.epar:e.d 

the X-.ray films; and t :o Z. S :• Altschuler 1 C. L. Chri~t1 · G. T. Faust~ E . 

Ingerson, and Eli.zab:eth B.. Ja.ff'e,, who read the tnan.US'cript and lllltde n.l.uable 

su.gge$.tions • 
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O:ptica.lly homogene-o'\16 apat;L.tes con.taildng as much as 5 .8 p.er~en.t 

carbon moxi.de have oeeu reported'! Whether the ~arbon. dioxi.de is present 

as caicite G)r as 'carb.t):na.tje :i,.n .some other i'OnL or is int.egrated. in the 

apatite stntet:ure_, tlre:s:e Sllbstan.ces would be expected to give .X•rf1y 

patterns distinguishable from these of carhona.t.e ... free apatite.s~ In 

1933 B:redig, Franck, and Fiilane:r (193:3, pp.. 959·•969) reported haYing 

recognized dtstin-ct d:i..fferences in the X:o~!-ra:Y ~:fraction ll~ttern; of a 

~bonate·hydroxyl.apa~it.e as compare.d 'With tMse of fluorapatite and 

hydroxy].apat"ite. 'Tl;te con.tr()ver:sy that .follt:twe·d is reflect.~d in the 

work crf Thew lis,. GJ.Dc·kj an:Q. Murray ( 1939:, pp ~ 358~363) t and MeC'Qllllell 

and Gruner (194o_, .pp. 157-167). 

Small bJ+t measurable differences in the x-ra.y pat.t,el!llS' of e-arboll8.te­

:f'l11Qrapatite,. hydro.xylaJ>atite,. and fluorapatite have been detected ~n 

the cou.:r-se o:f this investigation, and a complete account of these dif­

ferences will be publi_shed. later . The di:stin:ction is "b-ased on variat.ions 

in spacings :Qet:ween. the ( 231) and ( oo4) lines in x ..... ray pcr,wder films exposed, 

on a 57 .. 3-.mm radius. camera using n.ic.kel-filtered co.pper radiat..ion:. 

The v.sriations of' x ... ray data .;Listed in table 1 were :Obtained from two 

.hydroxylapatit~s. (from .Rolly .Sprillgs, Ga.J, and a . syn:thet,ic pro.duct prepare.d 

by W. L. 1Iill of' the U -. .S • Department .of Agriculture) J frol!l two fluorapatite$ 

(fr~ C~rro Mereado~ Du:rs.ngo7 MexicoJ and Ontario_,_ Cans;da), and. fr,om two 

~arb:onate•fluO.rapatites ("staffelit.e" from .Staf'fel1 Germany, and "f:r~colite" 

frQm .Corn.11-all,;- England) • 



Fluorapatite 

P.lane 
inUce.s 

231 
o04 

231 
oo4 

9 

29 
(mm) 

50.6 
53.3 

50~Jl 
?3-3 

d-spac.in.gS Ll¥ . (A) {mm . 

1.8o4} 
1~7l9 

2~1 

L797} 
1 .. 71.9 2 .. 5 

Carbomtte-fiuorapattte ;g~ ~ :~ i: j'~ } 2 .3 

y Dift:erence between. 28.-values (in mm) f .or lines (2.31) :an.d (oo4) .. 

The pres~11ce o:f ·ealci te in arti.:fiei'$.1 calcite...a.pa.t;i.te .trdxt.ur.es was 

readily dis·eendble . Powder .:films were taken .of mixt:ure:s of a pure 

fluor-apatite :from Durango and chemically pure caleiu:m carb;~:mate., vith the 

latter pre·sent in :Prol(ortiQllS· .of 2, 3_, 4, ?1 7, and 10 percent by y.e.ight .• 

The X-ray pattern of' the .mixture eQntainin;g 2 p:erc:en.t :ea.:J_.cium ~bonate 

calc~te line.s (d-val-ue,s of ).o:;B A, 2.089 A, a.ud 1.914 A) were ide~tified; 

in. each of the remaining mixtures:, The p~es·ence of cal·c·i te in .•ount.s of 

·3 percent and above ia thus· detect,able in artif.ieial mixture:s. 'by us:e ·of 

the X-ra7 method deseribea tt 

It is unlikely that. :carbonate would he held by· identical bo:nding 

forces in bo.th ·calcite and carbon:at.e...apatite. Con:s·eque:nt.ly the heat. and 

t.e~:peratw-e o:f deeomposltion o:r -ca.l.ci te· should differ from tho~e q:r 

carbo:nate..;,apa.tit~. The~se proJ;>erties are eonveni~ntly measJ;.lred by nrean~ 
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of a. di:fferen:tia.l tliermal analysis: a:p:paratus.. The theoretic:al and 

operational details of thiS apparatu.s have been de:.s:cribe:d by H·endr.iekS_, 

GQldieh~ aud lfe:Laon .(1~461 pp. 64-76) 

·The f'ollgwing inye.stiga;tiQns· we-re perfened orr a portable· field 

unit y ~t. -wa-s rewired fm- -use ~ith :platblturt-pla.tinl.Uil: ( 90tfo) J. rhodi\Ull 

{ 10;,) theJ;"llll®Iuples. 

pure ealcilllil caroonate,. cal:citel f"luorapatit.eJ . -e-.arbottate. -.f'luroapati~e, 

and artificial m.ixt:ll:r"ea of a pure :r:ua.t~l flu..orapa'tit:e $d 2:1 51 7)' and 

10 pereent, d'J.em:t·eally pure e;a.l·c-ium ca-rhonate .. · The sh.a.rp and -abrupt endo~ 

thermic peaks reSlllting f'rom the- thermal .deet~mpo:sitinl1 of both ma.t1a:ra~ 

c:ala.ite and ·cheln.ically pure ca1ei\lm earbo.n.ate are comparable to t.b.tise 
-

~:ported in the literature (Cuthb-ert and Rcrwland1. 19477- P• 113; F',a.ust1; 

1950 ;- p • 217) , Fl.U.Qrapat.it-e alone gin.s- a :S1lUJoth. ~e wen ~ea-t,ed. to 

950°.C... The cta:"bona.te-f'luor:a.patit.e, an ·opt,i.eall:y-homogelieous lnineral f'r.om 

.Staff'elt, Genna:ny1 contai nJ;ng 3 .l percent C02, wki:eh is equi~ent to 7 

pereent eacos;.,· did n-ot show tke di~tlnct end:.ttthernd.c Jl-e:ak typical 'Cl)f' . 

calcite.. InStead it gave '8. :s:mo.oth curve, which~ in re1:ati~ to the fiur~ 

apatite ~, s;ugge:St-s :a yery-- geatle "end-othermic tre.ttd oyer the e:ittire 

clata reported hy- Geiger (1950, ppl! 1681 178) ~ 

Each -.o:f the art$.fid.l:tl mixt:ures 'Of eal.e_iUm car®nate· Ud f~UQr.apatite~ 

tJ De~lgaed by· R •. A" lfelson -of the 1L S. Ge:Ologie$1 SUrvey, .Uti 
~ctured hy the Eberba:eh ~d .Son: -co .-_1 Ann Arb:or1 Mich .• 
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relative heights and preadths of peaks tor the different mixt"t:tres. are 

presented in table 2. The rel-ativ:e :areas included :under- the- calcite 

portiollal to the B.lflPlll!ts o:r· :calelum e:arbonate present. The ·e()rresponding 

v.a.riat.ions· of' p.~ak t~er:ature.s; -with B'.W?ltllt o.:r· ealcium. carbotutte present 

are due p;rtDJa-rily to di.f:ferenee:s in the p.s;rtlal press~es of the ,c;o~ 

l:i.lrerated dur~ t'h~ early ·stages :0f tltel"ma.l dec.OJl'litO&ition (:RO\Wla:lld 

and Lewis, 195lt P:P • . 86.-87) . 

Table 2. -.-Dif'ferential thenns.l .data for ·artif~cial mixture:s 
of c-~lciu.m carb·onate and fluorapatite 

Mat-erial 

·: .. 

Fluo·rapati te ?} 

Fluo:ra.patite ?} 
+ 2t{o Ca.C03 

F1uorapatite ?) 
+ 5'fo CaCO~ 

Fluorapatite 2/ 
+ 7% CaC03 -

Fluorapatite 2/ 
+ lOojo CaC03 -

Chemically pure 
caletum carbonate I 

Percent C02 · 

present as 
free cal.ci t .e 

2.20 

3.08 

4.40 

44.oo 

Peak 
temperature 

( oc) 

780° 

810° 

830~ 

835° 

880° 

. 

Calcite peak data 
. . 

Relative Peak Area .unde-r 
peak br.eadth y peak 

}+eight. ( 0 .C) · (relative) 

lfo calcite peak 

1.3 55° 18 

2.4 50° 29 

3.9 55,0 58 

4.7 110° 'T9 

16.6 110° 417 

~/ Measured at the base of the peak in degrees cent~grade. 

§/ F1uor~pa"'c;.i te from Ont0rio, Canada . 
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In order to check the validity of' the re:sull.st G. 'T. Faust was kind 

e.nou,gh to run pure fluora.]latit.e, car:bona.t_e,...f'll:.l.Xlrapatite_, ,and the ~e 

.of fluorapa:~ite and 2 perce-lJ.;t caleimn :earoonate, on a w:>re ·sensit.ive di.f­

ferenti~al the~l. unit (Faust~- 1948, pp. ~37.-345). The ct1rVes ebtaill.ed 

'With our port$-ble field unit eompared fla.Yorabl.t wit.h those from the mere 

precise instrume•t, and "We ascertained that the portable mU.t. ~Ul.d be 

depended upon to dete-ct :a minlmttn of 1~6 percent Q:alcite itt na~~ 

phosphates· • 

'DU'FERENTIAL .SOLUBILITY TES~ 

Difier.ential solubility methods· ha~e b.e-en. applied :s:u.eee.sstully in 

the. past to- the separati.on -o:r the component.s of a .miXture. 'Tl;te car bout-e .. 

apa.ti te problem is- princi,pally :one .of' .d.i.st.ingui$hin;g .a 11QmQ8elleous ,from 

a heterog~neous mine~l .cQmposition. 'The ;ta,pplicability or difierent.ial 

solub.:l.llty tests to. this problem de'J)e.nd:s on the existence o.f a solvent 

in Yhich earbenate~apatite is relativel_y in:Solubl:e a.s c-o:mpa;red lr.Lth 

qalci,te. 

A s:olvent tpa.t fulfills this req~re:meat 1$ ~ half•molar :a;queau:s 

~olUtio-n .o£ triaJIIDlOlti_unt 1U trate. 'The sohib.ili ~:r of' cal~.! ue in this 

solvent ~ been e~stablished by Rind.~ll (1910,. pp .. 45.2-.458). 

'The data !a _ table 3 indir:ate that ealcium -carbonate is S.l>PN~tely 

50 times a:s solUble as ei th'er fl.uQrapat.i te or earl;>otta~:e~f'JJ.tt)n.pati te· in 

thi~. ~e~en~. 

'The triallnnOnium citrr;Lte .solu.ti:on was prepared by titration of chem""" 

iea.:Uy :pure diS;JmJ1Qr(1upL 'Citrate with ~l'liUDl hydroxide to pl£ Of 8 .. 1 t 0 .1. 
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Th-e sol\ib~lity values ill table 3 were de"termine:Ci oy .the ad.di ti:on or 1.00 m1 

of solvent to- 1 g of :powdered .sample (ground to. :pass 200 mesh) in a glass ... 

$to:ppered Erlenmeyer flask. The mixture was perll1itt.e:d t:o· stand fer 24-

hours at. room t -emperature, w1 th i:nt~rmitt-ent sha.ki:Ilg,. :a.ft.er whi'Ch it was 

:filtered .and t:ll.e :rutrate i .gnited. to cc;>:nstaltt weight • The :s:ol'U.bility o:f 

pure calci:u:nr carb-onate ws. compated :rrom th:e weight or· the .. iga;ite<il product 

( ~leium ·Qxide) .. 

Material 

. Calciu:rn earh0nate, c:p 

Carbon:at.e .. :rluor:a.pati te_; 
.Staffel-, Germany 

S:olubili ty 
in grmns/100 ntl solvent 

o .-66o g :!:.. o ~o6o 

o ... ol4 g + o ~.ooo -
o .. o12 g!. o .oo3 

Geiger1's heat-loss data (1950;, p. 168) indicate that "staf'felite" 

lo-ses s:t le-ast ,65 per:C'ent of its C02 :C:Qn:bent by .ign.itlon t.'O 900°C. ~e 

carbqn:ate-fl.uora.patite :s'Olubility va.~ue giyen in table' 31: howe-ver, re­

quired no ·eorreetiQn. for C02 lost. :during ignt.ion as the maximum possible 

l :oss i:s less than o.ooo4 g.., -which, i .s be.YUnd the 1imitiug preci-sion <;>f the-· 

mea-surements .. 

-On the l;l'S;sis -or sol.l.ib-ili."tly- values :obtained by 48~ and 72-holllr treat• 

ments.,- which. ·we-re- identi~l with the s.:a,l'\tbilitt y&I.ues ,obta-ined in .24 hours 

(see- table 6)' it was C.mtel\Uled t~t an.y- discrepancies. due to inc-o.mplete 



theSe measurement$. In Rindell 1 s original vo:rk ( 19101 W• 452-458), it 

w.s asSllmed. ~t e4U1librium is· attained in 24 hours . 

The relative:~y lagh lllnits .0£ error rep(>rt.ed. in table 3 were Ultdolibt­

e4lr :due tQ the lack of precisely c,ontrolled eoad.itions. The preeis:ion. 

ot these m.asuremeltt.s :can he blprq:v:ed by use of a • ;ec>atroU•d-teut.P~t\\re 

bath,. ·of a eoutant stirring ·mecUmnis•, ,aud by· very preei:se s .tandar:4izat.ioll 

of the so·lveat. The .degree .ot pree.iaiOm attained, koweYel"t ws suttici.ent. 

for the immediate purp·oses· o.:f thes:e· investigations • 

The ealtite· eoatent 'Of ea-a-h phOsphorit-e ws dete~i by- tretr.tins 

each l .. g sample "With 100 ml of sQlTent in the ma.uner described for te .. 

solubility meas:uremeats.. After the lilixture .was flltered the ·wol\Jble· . 

. resid.\le ns YaShed with distilled -.ter. The dri-ed insoluble resi&le 

c:d the eriginal llamp:le vere analyz.~d grartraetri'C&l.l.T £o.r car~w 

:eontat.:t oy .ab:s·o.rpt.ion. Qf carbon di:oXide in u :ca:rite (Kolt®ff &JUt SanclellJ 

1948, p~ •. 3-85•389 ) ai'ter liberatio,a of the· ea-rboa fiD:xide by dilute hJdl"O·· 

ch.l;orj.e, acid. 'The difttere.JJ;c:e between the ·earbon- ti:Loxide c()ntent. of the 

,origil1l$l Sa.lllPle s:nd tha:t of the lea(!hed residue· ws taken •s a meu~ 1/Jf 

c&rboll dioxide :present s;s eal.ci te. The· resul..tl! o£ the :ab4or:Ption me:thod. 

a.re r-E!:produeible to 1 mgJ the :ttarbo:n .dioxide content for 1 g :of sample i$ · 

theretqre relia'ble ta o .1 pere,ent .. 

J:n or-de~ to es;tabli,sh.. the etfeetiv.elltess. of the:· .solTent- on calci.t ;e· in 

the- :Pl."'esence of .a:Pa.tite;- :art.ifleia~ ldxtures 'Qf tl+e- ~8.ll,gc f1UQ'l"&~ite 

contajn;J1lg 2,, 5t 7_, aud lO :perc-ent of ehe.midrtlly-~e calcium ear'Qoma.w 

vere treated. -with the SQlvent. . In each. of tnes·e e:h.eck de't~iou the 

inso-lt1Pl¢- re$idues were found; to 'be .e-atir;ely tre"e ot ~lei.t~ 'Within the 

limits cf error. 
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phosphorites. 

content, as sho'Wll. in table 4. 

' 
'Table .4. ........ C$Xhon. dioxide et:l)ntent .of phQ'S:Pltori te.s 

With Visible caleite . ~ ., 

C02 e®te:nt 
(pe-r-eent) 

150 {Con~ min~~ I ·daho) lt.. 7 
163 ('Ccmda min~:r Id:ab.o) 4 , 5 
161 (C:onda. -mine, I dab,¢:) .3 .1. 
164B·( Conda mine, I -d:B.ho) 2 o_ 5 
1007..-1 (Laketown~ V.tn) l .. 8 
164A( Coo.da. mine 7 Idaho) 1 .. 4 
l.007-7 (Laketo~, Utah) 1.4 

WithOnt v:!s,ible ealeite 
• • • • • • • ,)_ + ~ • ·-- ; • • 

CQa ~ontent 
(percent) 

~ " ' ' 

3llC'(Tra.l1 C:any:oa, l:daho ) 
,09 ;(Trail Canyon1 IdahO) 
317 (T:ra.il ·Can}"'tt.; Idaho) 
300 (Trail ~:yon~ I-dall~) 
315B(Trail Canyon,· Idaho) 

1.9 
1 .• 6 
.l.3 
io2, 
1 .. 1 

I:tt addit.ion.1 a t.ossil rib bone (genus Fe:LsinotheriUJn) of· probable· 

ear~r Plloeene :a,ee· {S'a;mple 74~M ... 4) :frt:>m the :Boyette llline,. llillsb.orQ:ugh 

CQUn.ty, Fla ·• 7 -was in'C-~t1ded in th:e·se ~yse·s • 

A ·com;pllatiQn. of the re~tu:Lt$ obtained by- the three :methOds ·appears 

in table.· 5·. The samples s.r·e- ar:rang~ in tlt1:! (lrder ct in~eas~ calreit:e 

con~n:t as detennined by the s'Ol:ubility method (column 3) . 

'The· .Ql:rferential th~rmal data in ~e:1umn.s ·4 ·and 5 shGY aa or;derJ.:y 

progressi-o-n of inCreasin.g temperatures and end.othentic peak .h.eight.s wi$ 



Ta.b·le 5 ..... -comparison o:f resul t.s obtained by solubill ty,. differential thermal, 
and X-ray methods on natural pho.sphate materials 

-Total C'Oa 
Differential thermal analysis 

Percent CQ2 Cal.cite peak data. 
Sa.mple.s ~ontent (percent) pres-ent as 

Peak Relative in unleached. -calctte y Peak Area under 
sampl.e tempera. t:ure peak breadth ?} p.e'U 

( oc) height ( °C) (relative) 

Carbona.t.e-flllor.a.pa.ti te !/ 3 .. 1 o.o No calcite peak 
315B (Tra._il Canyon, Idaho-) lol 0.0 No calcite peak 
74-M-4(Boyette .mine, Fla.) 2.,9 0.0 No calcite peak 
311C (Trail Canyon1 Idaho) 1.9 0.1 No calcite peak 
300 (Trail Canyon, Idaho 1.2 0.2 No calcite peak 
318 (Trail Canyon., Idaho 1.3 0.2 No calcite peak 
309 (Trail Canyon, Idaho 1.6 0.2 No calcite peale 
317 (Trail Canyon, Idaho 1.3 0.2 No calcite peak 
l64A ( Conda. mine 1 Idaho) 1.4 0.4 No calcite peak 
1007-7 (Laketown, Utah) 1.4 0.4 No calcite :peak 
1007-1 (Laket.ownJ Utah) 1.8 0.6 No calcite :peak 
162 ( Conda . . mine 1 Idaho) 2.:; 0.7 775° 0.5 22° 5 
164B ( C0nda mine, Idaho) 2.5 1.0 785° 1.2 30° .18 
161 ( Conda mine, Idaho) 3.1 1.4 790° 1.9 6oo 34 
163 ( C-onda mine,. Idaho) 4.5 3.1 8ooo 4.3 95o. 99 
150 ( c·ond.a mine 1 I da.ho ) 4.7 4.0 835° 6.7 6oo 70 

y Results. of triannnonium ci.trat.e ~solubility tests. 
2/ Me.a.sured -at the base of the peak in degrees centigrade. 
31 Difference bet-we-en 28-.va.lues (in. mm) for lines (231) and(oo4). 
tfj From Staffel, -Germany. 

X-ray data 

Calcite 113/ 
lines (mill) 

Absent · 2.3 
Absent 2.3 
Ab-sent 2.3 
Absent 2.5 
Absent 2.4 
Aosent 2.3 
Absent· 2.3 ~ 
Absent 2.4 0\ 

Absent 2.3 
Absent 2.3 
Ab.sent 2.3 
Absent 2.3 
Absent 2 o3 
.Ahsent 2.3 
Present 2.2 
Pr-esent 2.3 



17 

increasin~ e:alcite c:o.ntent fO'r the .samples ~onta.ining mor-e than 0. 7 

percen,t C02 eombined as calcite . 

In addition tQ ealcite, t .he :pho:sphprite.s conta.i'n. small but varying 

~unts of' therma~ly .active· s:ubstaace-s ,_ ~efiy .cla_y.s-, o-rganic matter, 

.an¢1. iro~ oxides . O.f _these materials, certain cl$.ys Irff:LY un~ergo thermal 

changes i:p. the temperature region. t>~f the eakite decomposition,- thereby 

1.n,te-rf-ering nth the -endothermic peak clue t :o cal~ite alone.. For DIQ'st 

cause a seriaus discrepancy in the- eale.ite peak ~s:urements. Of the 

group. of sampl~s ~ table 51 SSJ®~ 1-63 has the lov~st p~osJ>hs.te e:on~n11; 

accor411lgly ~e relative: pro:portlQllS of fore;tga ma;terials is greater; and 

t}l.e co~taminati~g sub-stan-ces have interfered by causing a br.o.adenin.g .of' 

the c~lcite· peak at it.s bas~, whi-ch ~s; t".esUltri in :a:n abnorms;lly larg.e 

~ea l,l.n~er the peak. Where the above,..me.ntlQned thertQally active s~.ibstanee:s 
- I 

are comparatively negligible, a.s in sampJ,.e l50J wher~ they are esa;ential,.ly 

-ab~nt2 the reSU4ting :the~l curves are .almost identieal with those o'b-

tained from the artificial ealcite,.,.apatite mi~es. 

The presenc-e or absen:c,e of the three cal.ci te lines in X-ray polf,der 

fil.mfs (table ;, col:wnn. 8) .depends to. a eert~ extent. on . the quality Q.f 

the pattern.. ·The artifi~ial ndxture .o:r fluo~aps;ti't,e ~ 3 pe:re.em.i;. c·al.cium 

carbQnate gave a .s~ :patt.e:rn in Yhj:eh, the calcite lines :eoUld ~ detecte.d. 

Sample 16l-, a :phosphQ-J:i. t .e that con:tains 3 .. 2 ±. 0 o2 percent .ea~~i te .as .deter¥-· 

min~ b:y the solubU~ty teats;. ga.~ a ~e-ss dist.mct p;a.tt.ern u vhich tbe 

·calcite lines. were :not, yia-r:Qle. 'Tp.e x~ray :Patt-ern obtaine-d :from .~le 1637 

a p~sphorite containing 1 ,o :t 0 •. 2 p.erc:ent eaJ;ci te_, sh:o~d t~ .same poor 



-definiti-on and high baek.ground intens.i ty as that obta.ine4 from sample J.6l;; 

but in th,.s case the calcite lines were detectable " 

'The last column lists the Oifferences betwe-en the 2~value:s for lines 

( 231) and . ( oo4) re-ferred t :o in table ·1. 

Bampl.es .from the C>onda. mine in southe~a.t Idaho are unvea,there-d7 black, 

and dense, where$s tho·se from the ·nearby outero:p at Tra~l Canyon are 

f;rom equivalent. parts o-f th¢ P;qosphoria :rormati<;Jn. 'This c·orrela.tion 

is pa,,aed on the distinctive c:hara~t.er or a singl~ bed of brec'Ciated 

nodules: Qf phos:phatiz.ed paJJ;reonis·coid fish; seales and ~maU co:prolitic 

masses ( 1) ~dentif1ed by D.o H ~~ .1Junkle:1 of the U. >$. National Mu.s~uzrt. 

At the C-onda. lttine ( s~:ple l50) thi~ bed c.ontains 4 .1 :percent o:f free 

craJ.ci te, wher~s .at Trail Canyc;>.n (sample 300) the -cale:i te content. iS 

negligible. The eh;a:racteristieally- loW ·ca.J.cit,e content o:f' the Trail,. 

Canyon: sam.r;>le·s: as compared to that from the Conda :mhte is probably .due 

to n,a.t:u.ral leaching prece-sses. The other $Rmples f'rolrl Trai:L C:anyon and 

the C:ond:a mine are ''pelletal :phosphorites'' typ:i-ca.l of_ the phosphatie shale 

.member Qf the Phosphoria formation in soutaeas·t. Idaho. 

All ~J..es c.antain at least 75 p.ercent .apatite. The .average orgahie 

content of the Conda mine samples is higher than that of'' the Trail Canyon 

SantJ?l~s by about 3 per'C:en.t. The saml?les from the Laketown. dist;ript,_ :Vtah,. 

are sieve :fractions of one bed that con~:J,.ns Visible c-al~ite:,- detr;t:tal 

.materW, and secon.da.t'y :clays but. is devoid of or-g~.ic JDat~er. . . ' 
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SPECIAL CONSIDERATIONS 

H-endricks and Hill (19507 p. 737) llave concluded from investigations 

of the nO.n;eral constituents of bo.ne that "carbonate is present .on entrap-

ped surfaees and not as ·eonstituent with;tn. the J.atti:ce of the ll'li+leraJ,. 

fr.ancolite1 Ute ty:pi:e:al 'carboilate apatite' ~ .. 't u If the ca.rb·on:ate pre"" 

~;~ent in thes~: samples is present a~ calcite entrappe.d a.t :crystallite 

b~ies it i:S possible that some pa.r:t of' the ine:lud.ed calcite -would 

·not be ac·cess .~ble to the solv~nt. nte f-ollowing e~eriments vere de-signed. 

t.o test the 'flV&i,.la"Qili tr of calcite o:cc·:L'uded along a contP,l.lQU$ ,. as veU 

a.s alcmg a c\.i~eontin.uous, network. of s:u.rface.s. 

~o samples_, 150 ( Conda) and +62 ( Conda) , e()ntaining 4 o 7 percent lmd 

2 f3 percent C02,-- respect.i:ve·ly·1 were tr:eat:e<i Yith the s;-olv.ent1 ~ half~molar 

solution of trialmnonium citrate, for 24,. -48, an.d 72 hqur.s. 'The earbon 

· . dioXide c:ontent of' the leache-d resid.ue-s 'WarS essentially constant; as shoWR 

in ta,ble 6 .. 

Table 6 . .. -Ca.rbon di.oxi¢l.e con.t~nt :p£ residue·s .of' ~amp·;Les 150 
a:n:d 162 after .leaching, f''Or yario;u.s lengths of time 

_aample-

150 {Con~ mine) 

162 ( C:on&t mine·) 

. . . ; ~ 

Carb:qn ~oXi:Q .. e content (percent) after lea-ching f'or: 
24 hours 48 lto.ur.s ~ hours 

0,.9 :!:. o.o 

1 .. 6 + 0"'1 -
0.9 :t o.o 

1 .. 6 ~ o.o 

0.9 :t. o .. o 

1.5 + 0,1 

cons.uting ~y of apatite, and the liquid phase" ¢,ontaildng _dissQ·lve:d 



20 

calcium carbqnate.t .dis.soJ.ved ·a:pat~te·_,. and ·s.olvent is establ;Lshed after 

24 hours .. Prel~~1 nacy- .so-lubi.f.i~y ~easl,lrentents -( ta.bJ'!~ .3) -~how tha,t. l,OQ ml 

of f='O.lvent.,. saturated with apatite, can dissolve mr~ than Q •. Q g 9:! cal­

cium cubo~tJi·. . pne."'tg+am sampJ.e.s ef 150 and 162 GQ-ntain suffi:ci,eJlt 

carbon dioxide to ac~o'Ul\t fo;r 0.11 g :aitd 0 • 05 g or· c:al~.ium _carbOnate, 

respectively. ~e ],.iql.lid phase ~a mixture· or · l g of either of these 

materia~ :and lqQ m.l o£ -$.olvent) in eq.:uilibril.llll with the so:Lid ;phase, is 

unsat:Ur~ted with re$.pe~:p-t to. C·aco3 , Un<Ier the.fle c.ondititnas no soJ,.j.d 

-~alr~iwn aa.r"b~te .shoUld e~ist. in c·onta.c:t with the liq,u.id~ 

If tlle carbonate !s re~trict~d to a :eontinuou.s aetworf -o.rf ·ealc?-t.e 

along e~tr:a;pped surfaces, ifhe c:al~ite would "Qe .access:J,.ble to the solvent 

· orily at the . points where . the· networ~ -was exp.o~ed at the ~ttrf'aee ~o.f t.U,e 

p~ticle. Uf4~r theae cqnditiQns the :amount Qf cs.l~ite: .c\i~;lSC.lY:eti by 

tlle sol vent ~hould ·va.ry With tb.e _ le~gth of' time . The aps~nce of such. . 

~~atioil (table 6) :i,.s · ertde:Drce .a~:il;ISt a Collot;i.nuous :netw9rk of oec).ude,d. 

·. calcite, 

Additional eVi:Q.y-n~a GQmes :from a study c;>f' the r~ls.tion of tlle .solu­

bi],ity of carbonate-apatite. to particle ~i~e. The cwbone.t~-fl.uorapa.tite, 

an qptically bomogeneoW? nQ.n~;r7al trom:S.taff'~;L, ~ertn$p..y) eon-'t1ains 3 .. 1 

pe:rcent C0.2.t whicb if3 equ:J.valent to .abo1lt 7 per9en.t ca.l·~j,:llm carbons.te. 

The s.o~ubi~:J.ty ~easurement~ (table 5) indic:a:~e th;4t no ea.lci~ carbonate 

is presen.t. ~ ~ ~arb.onate :content i~ ther~ore :pre.se~t as. a .cap.st,.tuent 

of tP,e apatite· struetn.l,re, or as some o-ther i'pl"i!i of :Carb<;mate that ~.s not 

qomb~~d as· :c~lei te . Three aieve r;-:actions ( +60 ,..84, + 165 ,..zoo, ap.4 

~.325 ... 4oo) <!>f t~f? miner~ w~re treate-d wt-th th~ solve:at for 24 hours. 
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The relative surface areas per given weight of material have been com~ 

p.u.ted for each sieve size . These computations,. which take into ac.c01.mt 

the columnar shap.e of' the fr;agments (length of columns are approxinately 

twice their width)_,. giye the values listed in table 7. 

'Table 7. -.-Relative surfac·e areas for diffe·rent 
p:a.rt.i.ele sizes of carbonate-fluorapatite 

Sieve siz.e Relative surface area 

+60 -84 

+165 ... ~oo 

+:125 -4oo 

1.00 

2.86 

6.44 

In each .size :f'ract.ion no difference in the C02 content of the 

leached residue as compared with that of the unleached material was 

detectable within the limits of m.easu:r.ement. 

The volume of a. single part.icle of the .smallest si.ze g:r;-oup (+325 

-...4oo mesh) is 1.3 x 10 .. 7 ·cm3
_, ~and it represents more than a s;Lxfold 

tnerease i.n surface area per unit weight of mater.ial over that of the 

coarsest group ( +60 -84 mesh) . Regardless of the .Q.imensions of' "entrapped'' 

calcite,. if the 3 .1. per.cent C02 content of this carbonate-fluorapatite · is 

present as calcite, the calcite .must occupy 9.2 percent of the tota,l vol-

ume. 'To t:n.e ext.ent .of the increase- in surface area represented by th~ 

difference between the coarsest and f"inest particle sizes considered here:J 

the experimental observations constitute an argument aga..inst occluded 

calcite along~ discontinuous network. Furthermore, if any carbonate is 



22 

pre.se~t as ·occll,lded ¢a.lcite, its .di.stribui(ion. in. th~s mineral must be 

ra.n.domor 'The soJ.tibility rel~tiQ.ns of this minera+ t .o: b,a.U-~lar t.r1,.­

a.nunoniu.m c~t!'ttt~ so:lution. :are: _genera.J..ly those expected front ·a . single, 

·very slishtl,y solub.le,. hOlllQgeneous eompound. · 

CONCLUSIONS 

The pr.~senc:~ :af :calcite in c.arbonat.e ... b'es.rin$ phosphorii(es has been 

determine-d 'by use· oof' x,.ray methodsj di.fferenti-a.l thennal anal,yses7 and 

solr\l.bility testa. The min~~ dete·cifahle a.mo~ts of' :ca.lcite1 :as ·s.hovn 

l;>y the resuJ..ts in table .~?,- are 7.0 per:cent,. 1.6 percent,. an;d 0.1 pereent, . 

r~specti yely-7 f'.o.r the abov~ methods . 

ApplicatJ~on · of the.se procedure$ leads to the ~onclusions that in some 

sample~ · ( cs.rbOl;late -.fluQ:rapa t;Lte fro.rn. Sta,f.f'el,. Germany; 74~M.,4; and 31~, 

Tra;il Canyq.n) nu part 6:f the C02 eontent .,. -which r-an.ges. from 3 .1 to l•l 

percent., iS present as cal:eit.e.. The· other phqsi>hori te~ _·examined in this 

survey contain. vari&ble .amow.t.s of :calcite,. but in all of theirJ. an a,:pprec~- · 

abl~ part Qf tlle carbonate ~s not pr~sent j,.n the form .of . calei t .e. 

The res\llt;s o:f solubiUty test;$7 in wh.Jch the pa.rti.cle size .of 

SS;lllp~e l;Utd tne length. of so~ution tim~ wer~ varied,. imply tflat the 

carbonate c.op:t~;n..t. is not d1_.1e to shield.ed c~;tlci te :eptr:apped ~long con­

t:i,.nuqus or diseontiE.U.qus .s·ur::r~ces .. 
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A.PPEJmlX 

Exposure of :f!alcite obscured by .organic matt-er in phosphate rack 

Small :antq,llnts of :c~lcite in s.ome sa.m.ples o:f phoJSphat.e .roc:k from 

southeastern I-daho are o:ft.en co.Beea.led in t}lin s.ections- or powder __ unts 

by the high -content of or:ga_xrl.c matter1 and ncO elu.e to th;e pres:en'C:e o::f 

the calc.ite iS 0-f'f"ere.d by chemical analysis for total co_2 because the 

ma.jor .mineral constituent iS a carbonate--bearing ·apatite. By the .slight 

:m.odificl:l.tion and cOlJ1bi~ti.o·n ·of t:wo. vell--.knbw.n pe-trographic t .ecludq-ues, 

the pre·sen-ce and d.istribu.tion ot calcit.e a.lld the .re-as:on :ror- its 'Obscurity 

were made clear . · 

Rectan.gular blocks l 1/2 inches: by 1 inch by 1 inch o:f black pb:o.s­

pha.tie ro;ek -were -cut. and plac:ed in .s•ll p.oree·J.a.itt erueib-les so that the 

blocks -were rest~g -only :on .corn,e;rs. and edges. '!b;ey· wer-e then pla:eed in 

a; Tempe.Q Jne:ctr_icr Furnaee and neeted thr;ough three temperatur:e stageS as 

:follow$: 1 hour wit_h the t ·emp:era:ture co-nt.rol. :s·et at "low" (:from room 

tell'l]?erature to 200°'C ), 1 1/2 hours. at ''me'diUlllu (fi.om 2oo:oe t-o 425°-C)i 

and 1 1/2 hours at "high'·' (from 425°C to '775°C). At the :end .of this 

time the bloeks tu:r:'lled white • 

. Slow .and g;r.a.dua.l heating preyen:ted the :samples .:from deerepitating 

becaus~ of sudden l ·os.s of Yla.ter, and keepilrg the t :empe,:ra. tu.re b·elQ:W 800 oc 
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avoided ·~y .appre<:iable de:struction of the calcit.e. It is pO;ssible that 

caleite near th-e ou.t:er s:u:rfa;c.es of the blocks calcines at th;Ls te,mperature t 

a.s the dissociation meets progressi-vely less interference nearer the surface·. 

Unc¢Yel"ed thin se.ctions were prepared from the blocks roasted in 

this :manner· and then we:re stained by the silver nitrate ·~:potas.Si'\llll cllrt>wtt.e 

method de.scri.hed by :Kr.:t.unbein. and PettiJohn (19381 :p. 496). 

'The thin s<e:ct.ions turned a. grayish :orange pink (5YR 7 /2),. a :color 

that ·can be resolve:d. by means of· the :petrogr-aphic micro.s:c~o:pe · into · micro­

scopic ·apots cxr re:ddish-bro'-wn calcite .fairly ev:ellrl.y .di.stribut.e .d through ... 

out the cryptocrystalline pkosp.h:S.te pellet.s • 

When these f'a.et,or~ e:One.ernin.g :the calei te are considered,. that i .s 1 

its relative pauc:tty -compared nth the organic matter, its small- size, 

aad even dis.tribution,. it is under-standa'qle that . . more than 2 , percent o:£ 

this highly birefringeAt m.ineral e .QUld be r:ende-re:Q. iAV:isibJ..e. 

The precis·e· <lUB.ntita.tive- method for the detecti:on of cal-cite in the 

pres .. ence of CB;r'bqn:ate-..;beari:Bg apati.te, des.eribed in the main body :Of this 

report, was. sub·se'qu.-e:m.tl.y developed s·o tb,a.t th.e em..ef -value ·of thi.s ex• 

:perimen.t nc'W' lies: in expgsing the -d.ist:r·ib;ution Q~ ealci te hitherto. hidden 

by :er:~i-c n1atter in phosphat:e rocks 't It. is al.so reas sttrin..g t.o observe 

that the .silver nitrat.e-potassium ·e;Dr.omat.e m.ethoa ef' s -ta,ining will ;Operate· 

on pa;rti'cles o.f very .small size. 
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