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Throughout the tahles in this reporl, the following abhreviations are used:-

not available
- none, not separately listed
6 under one half of one unit
( ) estimate

others n,s.l.others not separately listed

In the originrJ1sources fro:2which the fiyures in the statisLftal appendfx
wero taken, there is sometios a discrep:wcy betuci the tou-,Iin the
ori{;inalsource, and the arithmetic stfl::of the figures for individual
countries. Where this is too large to he a rounding error, IL is noted 1n
a foolnote.
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1. »tawmtry

1.1. The tho,:fra,a LndusLry hcs tradftionally been associntrd oith

the raLe enrths industry, hecause for n lono, tirre hoth yere chtninable

only from monazite. sfluntion haz now chaa,oL.d; thoritr.. supplies

have bea:n ohtJined ircsa her thorieH cres uht.ch do not coatnit. rare


earlha (ne:,afiy frcm Canz.lz: und frez., tta'J..z.sy), aad rare teaahz nre

ohtiined itt Inr6e 4unntitiez from hnetnazfte, an ore prodered Llafnly

in the U.S. difch centaina rnre earrhs but net thorium. The too groups

of products have thus hecome more eeparnted, but they nre stfll conaeol.d

to the extent that 1,,onazLte is the mnjor source of therfut,, and it Is

alzo tha preferred sourec for soTe LyHis of rare earths.

1.2. Our previcus report on thorieet treetted it to,,ather with the rare


earths aud On this occasion, We hnve separatad the zubject in

two; ehe rare earths and yttrium pju i In n rep(rl In Ihis

scries. It is hoped thnt readers wfl) find this toatre c onveuka.1, sinec


a joinl report would, as oell as beinp veiy hu by , bave bern mc,'“e

confosirei, lo a reader intereztcd 0n2y in the narket .fer thorium.

•

1.3. Despfle the p,roinst sepnIation of the thoricm and rare earths,

'there Ls tiL sene cortaetten. The nature of Lhis connecHen, nnd

the way in whfch iL cna chenne quite ruHdly, is filuatrnted uoltly by

the follouirc't quotathms fret,. the "Eita.alz Fncts nnd Problaaa." scrits

of the U.S. Lureau of Niirs uhfch hest reprosents the informed vIew er

the Induslry al the time. The 1960 ;:ec:tion ut Rcut har(11 Emtals snL(L:

' "The 6.ajor Lmr,''diate prohlum of the iralutatry is that

productfen cnpacity is unred La therium output nnd crceeds

demnnd. Ench pound cf thorfum ricovered frea monnzite resulfs

ia 7 to 12 pounds of rare-earth nnd de:Lazd fmr therium

. • . has crented IarLo sloelo,s of rare-cartn proIncls"

The 1970 section on Thoniez, reads:

"Dorwatic prodnetion ef therlem is merely n by-product of

rnre cotIth 61fneral de'velepent. Az n result, domcztle prodection

of thorium is totally dependent On the demand for rare earth ccr.r»aaelh."

The 1970 section ca Rare Earth EIca.eut6 rends:

"Resource prehles:s jC cre/ited by lho e=plex reIntfonship of

the rnre enrth ele,moits rather thutn hy zcarcity. lhe peohlem


intensified by the necumaialien of surplus rarc-enrth trzterinls

as hy-produals of olher cou.coditres or of particulnr rare-earth

elewants in wteater demnnd. The current sttuntion is one of

oversupply for wost of the rare earth cherzeuls, and the cain preMem

is that of findfnp, loirhels"
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1.4. 1n just 10 yenrs, the situntion has changed frem rjre carths
being a hv-product rf thorium produetton to thorium heing a hy-product
of rarc carlh production frnm mounzite. The repert which follows sho9s
no forese•esbleatea of grot.,-thof dcmgnd ior thertum nparL frem nuc1enr
power, which •ill not be a sittjtificnolfactor ontil the 1980's. However,

some caution muct he exerciscd; iL is alwnys possible that seme nov.7
use w111 ho deyolopcd quile oneiltlyfog therium, and this 00s16 radically
alter the supply and demand relationship, and the eo-product relationship

with the rarc carths.

1.5. A major dIfficulty in ohtnining a balanced view of the supply and
demand for thoriam is that no publishca source gives U.S. produclion oi

monavite. Froduction dala is )ittltheldin U.S. Borcan of Mtnes publicttloatt
because thore hns for some yenrs hcon onfy onc itiportantpreducer. 1;a>..ttief,
a 10-year average of production has ht*u roleased, nnd productictnflpnres
for Ihe first two of the 10 yenrs we'remuch lo•er than the avara,t,e,1ndic3tIng
that there wns a considerable focrensc later in thP period. By piecinp
logelher varions other iselsted hits of ittfordiation.ca tavç mado nu ts
of U.S. preduction for the yenrs 1967 to 1970; thto.eshu4 that prodactit-/1

inerensed frnm 3,500 short tonn fu 1907 to 10,200 shect tons in 196it,and
then decJined tc no estinhated4,700 sh(±t tons in 19/0 (and Probahly
sope 6,000 short tons in 1971). Monnot.ilostocks ct monngite rose frost
some 6,000 short toas in 1967 to soHo 27,000 short in 1969, at.t1.suly

duclined to some 26,000 short Icns in 1970. Ihe 55111IiIe1y explanat-ton
for this outcome wns that,hoth the U.5. produter and importers of m0000!.tc: •

thoakthtIhnt thc yttrinm hourtveuld last much Ion.turthan li did, so hot'a
production nud isTerts expandad in 1968 in facL consumption hy


chemical prucossors declined to ahoul a third of the 1967 lentel.

1.6. The estimates of U.S. production have enahled us to mahe thc firft
comprehensiyo puhltshed estimate of voritiprodoction of flot.5jto aval1ahle
since 15SP. Wo estimale that world production was around 10,0(,0short
tons in hoth 1965 nnd 1966, tspanded to 20,400 short toas in and

has since declined to 16,800 short.tons in 1971. In 197f, Austrnlia
the U.S. accoonted for ahout a quarter of tolal world production ustn, nbtll
Ind a, Brnsil and Malaysia accounted for nearly n11 of the ferdor.

1.7. The thorium content of this monarite (ineluding Canadian thorfos,
by-produelt from nrsnium mininp) was 840 short tons Tho2 in 1967, 1:0;:e

tO 1,260 short tons in 1969, and dectlinodto 1,120 thort tous ia 1971.
•

1.8. Iaternational frade in monasitteis dominated hy two importIng
countries (U.S. an(1France) N.thichappear lo acconnt for nhont 90 per
cent of world trade (if, as seertslikely, some of tln•it/portsrecerded
in the Australian export statistics ns goinp to the bethcrInnds are in
fact transhipped there nnd go to Franco ns recorded in Ihe French import
statisties). Anstfalia/ccounts for So= 60 per conl of world exports,


and Malaysla for over hali of Ihe )et,t-tin1er.
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1.9. As io othmr reports of th s series, oe 1 o assocjI d 411 the

t:Ys111ble 1.nifshod Infer,-atten on the conht cic Hntficat.


preducers, potnntial producers, or consumers of thortudm In0031s and

products.

1.10. Australinn production of vaonailte 11;:s 5;ruun frosi 2,163 toss

in 1967 to 3,929 tons in 1970. It produced mainly as a by-product.

of tbe pruductrou of ilmenite in Westorn Australin. Thero ia little

doubt t;iml preduetion of cunanite ffum thia sonrce will ex:mmd, becairde

ilmenile producticn is expoeted to espand, and Ihnt if, fol nny reasur

which is nol at pre:A.ul apparenl, dom,and for monazite prew, producers

woold find it uorthxhile to insfali forthor hy-producI recovery plant
which would possrbly denble productrou. The factors p,ocmfnin prodoctfon

ef i men i to are diseussed in our ecxdp' nion report on tftanInH; however,

prodoetion is coot1011ed by a fou larpc, vertfcally interated


cctilpwlieS. The Rare Feirths Corporation ut Anstrnlia stadrod operations
ns n Frocessof ii 19f8; thec are coacerno: rcre


enyth palerials, bol also uffer sof,e. üiorittn prcduct's.

1.11. Braf-.il has he,eo a xmjor predricmr of muhanfte for WIfly years, 1)”t

no uonssito h4f been efi•olted aince the evornc•u,ri forbmdmit in 1951.


(Until 1967, thoy evun inffsLed that Ihm nraniudd and thorion; content sh 

• nny exports of i1menito of sircon must ho latet returned

Thy-su is sesie local of hr,hfur fdiuts, and se: canh

chlorfdes ommcontralos ril-c. eXparled.

1.12. (:',:tyle:L.11 proCuct i (i!') eC thor concoml! tes usa by-preiuct f

urani twu mi III II Opern I i 0;i.; 11[!!-;bncn di seou Li um.‘; vLow of the 1ow pr e,m

obtafrebie for tf orinh. rucchdeL icy  s cypecluJ ! o c:.pand


cont,idertly in the futdire, and larho gonnIrtfes of thoriom will eithor

by accomulato(i im Ln. I ittyr Wlere they can bo recoverod htLur) of wilf bed

produced foc saie if mmfLut conditiens oarrunt fl.

1.13. Frunce has been a fejor ihdperter of thofiurd OYCS fur rimny years,

oripfnnlly of flmnazito nnd ornnother;anfto freol Nmdmnscar, hut more

receutly of coammitt from, Australin nnd olher countries. lochtnoy-




Ugine-Kuhlts-ios cre tRe wajoi processors.

1.14. Colmsrny is n major importer of thoYiln ocapounds (1le.um,11not of

monmrite) and tho amousts involved have prown efmlsiderably in 1970 nnd
1971. The growth fsmy be thu thorinTc domand for the "1iubb10-bed reactor"

or it may be socde new use which has nol yel becn pubLictsed.

I.



1.15. India hns exlenalve reserves of Lonazble in hench sanda, bub.

has (like 11ratab1)prohthited ibbtceiport. Hettever,substantlnl ottnnbibbos

ut retet-trthch1orides have been exported, and lately thoriutttnitra

hav beettbffered for vaie froat1ndi 91-1)duCtS 113V0 beet,1

offered in the pasb.

1.16. Japan imports thorium bobb in ntonaziteand in therinu ceatpounds,

and esbibabcd tneyin» nonlenb of ispurts nnd deoland1er nlansb.

entirely for tbe nctnnbnetureof gas uantios, appear bo be in halance.

1.17. Malaysba produces considerable quanbitios of bebb rionnziteand of

xenotit(te, bbe tablinus deaTs cf "nuitht"(tin-utiningresidut,$)t,


Preducbibta•s very varbable, but cold prcnatblybe e:HretdadcenGid.::.rablybf

it Weme profiLabie to do so. Production wns 1,000 tons in 1967„and has

prohably deubled since tben.

1.18. Scectmonazite is also proetncedas a hy-pfudnet ef  igttrien

eperabions, but thube have been dihrupbed corahderahby in thu las'e

few years by the civil w9r and its tti:na

1.i9.5 etd1tAfrica \.'.Lv rutjor prodecer of fnot vein depo it-

untbb 19U2t. Pa1nburn Plning Corp. ia reportha ta-,have eesiissiorieda


plant at bhe Palabeba copper mbin to recover by-product nraniutitcrtidhend

sulubabe ircra n henvy blithraleonsenrfl:le.

1.20. The United Kinpdom hns bad inbereslc in bhorium sinee 1914w11,..

1:11riu.11Ltd. was for;.d. Until 1PW, mont of their regutreaent's

fre: Cafladionb —prabrat thariwt prhdection, bub sihee then hsve prelt;,Lly

been HeL by irletrtscl rtodazito. 'Phhrium behstaetial inbureals

in thietare earth bustnebs; thebr snies of thorium ch.,punndsflye pY01Am

a minor parl uf their husiness. Wo eulimabe th6ir oulpel at 20 Lu 30 berhh

Th02 content a year.

1.21. The Lajor ;;011Yceof monennilein bhe U.S. for the last few yearb

hns been the EttphreyttMining Co., but.anobher producer (11,Industrien)

is belbeved be bt.starting production in 1922. nnhRyile preduetion by

Ar,erican bebal Clisbnc.inc. as a hy-utodutcbfrom theil raJyleuuan binh

in Celorade was ditteentincedin 192(t. Therh are a ntritharof ether

emrwreial sourceb, which couid pres~bly he develeped monaxite prtees

rose. Tvo ccalvinfet:daylienteutcbatiSteprocessin in U.S., abd thei


have sub:.nntin1 excess capacity. A nubbutrof olher U.S. centpanieshave

interests in thorbutafahrication and processing, printarifyfor uncle;.>:

fnels.



1.22. 0ey'l Eupt , 1 ndones fa, South l's00s Halaty;sy, Palawi,

101ttretania, Regn1;10: , and Zsire Rre [11.5;1 di rellS11e‘iIn the

report ; thsy e sl 1 eitson: itot stu groduet ofi tuanr.a: ;2, f-




tur r ent producers on a very smal 1 scale.

1.23. We eslitm  te that inc. isant les accoua! fg1 for

per cent or free vorld consetsot fon of 'rhO2 fr 1971. We iialhvc


th; s use has been and is now s more Impost ani end-use for 1.hor tsn

than is unuri ly titought . Tiot inestolescen mant 1g trade iltareasit;


dc..oted to taftt mst0.1es yltich ut e more 0..orhrti pgr tt•sill 1 e than ihe

1 1W. Th0 per 1 000 mant les which convent 1.7 assurted. Hant,
, ' -

stn'eist:ett of iiorts of thorium trate (00-Id vi th enport or

show that tfe ratio novdays is oroltably n'tout 7.2 10. nsr 1,0co

suustianti:H r.ye tonitel in the ustnuf cre of tatuttlrs . •he

total etssit. ity eL thorittm nitrntc used for itsitt 1e manaft.c tt in 1971

is osti1P.:!1i1d (1t. 1GO ta. Lons T1102, of whiith Austr la , Franco and llone, Kong

account for f1 in. tons bett.foutt titsrt. Thu U.9. , Japdn, 10. f Hag17, :01f1


thu U.K .Z:rO the other fs!purfailt stmtwfactturing roubt rfies

1.24. flagnes thorf f' 1 1oyn b e been a ma jor souree of thefust

dernind isd p:: (11111.iittIe inforndtion 1.,at lints„ rvoj „H, :womt


thorfum contar »tfon for thin putTotc becautte tho manter a11oy tn sold

in the only istaartsnt tand k. , tho U, S . , by on y one comoanty. The lt

3110y is r.adat in ilte UK. It Itss prefred fitn1 111 ieed

dett;nd ft 00 dtd a fled wtamfinstion of the possfhle (-11fll.:7;112 Cf11:1“,;(11 UF-; ;

Irnwi sl orly , and couttumptirm or tl1011Uui 111

thoriumi al 1 oys i 1 eslimstsd dt; no rtdre 111,;11 12 m. tons f.n 1071, of whinh

hal f vas itt the U.S.

1.25. Al 1 other uses dre cmlimated to htive required 33 m. tons of

thorium iu 1971.

1.26. TIg;rfcm fs used in other ma-tal alloys , partieu 1 dr i y for d f.sp(1-5 fon

hardeninj of nic5el, but also of ce0alt, molyhdatout dnd tstugst en. Itutse

uses appear rrful ar 1 v Md ille 1 f t eralure, but do nos sppesr to he of nfich

Curr Cnt i import nnete.

1.27 . Kur 1 tetr energy is not of curretat commercial import ducte as d souree

of demand for thorium, but ifs fmportnnce wf 11 grov in the fut.t.na•, primaril

due to the ruce of cuf Sen'';1 At omic lim 1; the f irst tour lasge

lITC"ft. reactors , which will be comoleted in the late 1970's . Fut Ur 0 de, .'111(1

for thot inta for nuclear emergy st 111 verty sdrd; 3D open (111151 i tt

for these four roactors to be pbout 20) In tonn o f ther tum for

tlof init al thartte, and 50 tons a vedr for roftmel i imiy f reM hC' bl'rorid vear

after cottsisnioairg ottssrdt; prospect for iLle ty'»: cl ft.let i ekr;.]


quflo goud, part. ly on cost grounds snd part 1 y heeduse the destgo agocett s

to have dn t.vrn lower rish of sceidents tban the 11rht wai er reset ors whie0

nre the donfrant type iu t lot Pot—fut a 1 Orstadd fs vrl y hitth but it

not mat er i 31 i se unt t 1 vell int o the 1900's .



1.23. Thoriuy,is also Lied etsa refraetory fPr -kyryLini tr.,:n:erz.uye
worL ns a catalynL, in \'or)DIsseleclronie al—,13icatJTe,in

	

and in iherl are eJCIJn surodm ilndin fuel
cell elements. These nre all of liLtle eeu,::Lercia1

1.29. The price of thorTuuland Thor5n:1 (=paunds it expc'etod to
at ar a 1 ttic be; f.)w pre.sentleve1 fun the next fe,»;yeea-,;. There
are prehl of evJr-sunjily,Ieinly dneto uyr hs
heinj p).-e0ce,)±by rareeenriliproccselb rni)ne.,:itc:,and Lhis.?Tchli-.)
may y,etconsideraLly woine if hy-prodnet thorinrnis preduced in qualitity
frouiC;:t:vtliih \-Hfl toti 10

the pflee; hoYever, we de not cypeTi that the Kice. in fecl
much, beenw:e  he fe.nthorie:min g3S

in rtiO,in nnc) cnr (Jhery, Ts rot
likely to ine:Ts:wee,if pyTue is reTlucc.d,

1
1.30. TTL...prine ef iiiii1zi,Sc.is nlbo 'Led fo st.ay al,outLbe (4,mu.
leve]. The re.JEJ.onfrn: th:d Here nie a neH:cr of prudu(e:s
conld Tr:ie!JLLEir •ro7» in' ntLn ii ui

Tf the Teu..l'y bsvu are whc,uutic:
stneTilie Tionaziteor censh epen,rin their hy-produci lacilTlios iT The
pric • f:T.11.Thic teed fo tUe yxiee ariiev,(1the p.,T.ott
levol, it in tnfricit,tily to diyett ot Ihe
front ealth proceer:: Tr(rni (wh1eT ittin mpn‘ttorvet

(2.fli‘.3" tr,tn.e)Ifl 1,1jCCE have Hrn stable fer

and arc 1.11(Tlyto reH;TH

•1



2. re::erves and main ores

2.1. Monafte

MonazIte isa phonnhate of the rro cavHin of tho cerIdm
nub-rocp, whIch corar,only contdins sfvural pet neffi of tharicm. IL

peile yelloy to brown, rarely Jern, WiLi a hadness 115 to 5% and
a specific gravity bedvs*n 4.9 and 5.3.

It is found as an accocncry nineral 4n iLddnu, and dr.elcdoryhic
rocks, in vcin depositn, and in placurd. Mett fldnendle han stnrted

off in snall inclucIonc iP hott reckr; whon Ihetn hreah undeu


the acthon of the ',:cather, the inHnsion aro )cleared, and the inert
cere eecutedlly end Up ar rdnd gi ±5 en hedchnd. itunches

flLe, Or 11:1VCheen, vcry st,ble lend t_fl cvancetdrdia hcrery ehtharals ussr

of dve,.es nud Lidd; tharn hddrIen 1:hely

10 he found near the rtddl ot a 1:!_VGY :he acrocs c


slcpiny, sheIf, in a coant line tdhich has ,:m.11-hared indentations
withont preTrturht hendIns.

Such flye In-(nA) rh,pleceics, aud unnally found

on cadstlinen, thencll inlrud placnrs ane known (and venc

fotwed and Intnle noldled by Innd r(deeir('n!s). Thd only p1ncert

kne in nne in YrHdt, bur thry oenn. iu nsny ether parts

of acrj(i. It vrrthyhdle tr h ,, rh n dapnihs perel,

for the mennzIte. !.rds -duds of

nre vorhed for their coh!,,d of another hdavy fdhrdi, raost ccdsuonly

iltnniLte, rulile, Eipld

The cnly-corr:ed;c i 411 y ithdortdnt ve;n deine it is thcd
Steenk2mpskraaY dejeu,i1 bi Senth Africa hhich \das worked until 1963,

bol uas then shut down.

Monaite varien cousidorably in its thoricw, content, as shown
iii tahle I Salen.



Tahle 1 :1ç1ea1iyc1 th(TSun enntent of_ .

C t Per e t hO,

India
Malaysi

Anntrlf3
13ra'411
Geylon
Indoneti.g
Sonth Konen

South Afrfcn)
U.S.

8.5

R.0

7.5

7.0

6.5

6.0


4.0

Soerce: fl.S.Btvrvanof Infotnatfo» CiYUkIar 8476

Thn r(IT(' e;:1111 c();It(rt_ cr jan tt is ;,1-,1e.st ).T.uE

60 per ceH,•H in :Okr »iLe I ln ]Hl» uoup flfroi . yhub

prvd,.,n:.n.ntr, fnct thnt ke rtntains vnr:,eartht.in

rnr- (nrIV titheivin vnvn ;f'nn'thir •TH iCY snre cnsffile

uy...r a Infin Jen OilI in supp1y of t_hoti»ii. Supply

cennvalily (1.».anntier

Thi dei“anh h,se ct thr Vn.-1 narhts en othnl-fc

coldfcateci hy thiefact thJ) the yttylum conlent of tinnanilevarier

consfdetcnvii fiLni ene to tho ouher. This hJ::enly bcen

jtn»ert.,=t th- iast 10 ycyR CILA1 short:perivd (Ivrh,ndfor

yttvitn,1\';asvuLy hH1. There Rre ve veliahle IH',arcsSi. YLLFJniP


colltwiltsof ditterent una2siten, hni flalayantonazite iR reiiutedto

be bighsl in yttri=. ')

2.2. eauadipn uraniuithorium nreh

Lari,edein)fts of emplex, uraniut -lhofievlW-Pr,oceur in

the Blind lti\'(rand Bancroft aveas of Canada. The ores nre raninly


bran-avite, thue.olite,pitchhlende :tinturanothorile aud urninitc;

(I) For a descrIp.ion of the oi nonriiite,rce Davidson,

Econunde Cecluyy (}:Thorium, Arril 19h6. For


metheds of eie tveatnent see H.I. thylIcw,Imlusvvial Cferlirvyyof

the Lant11.-AiDlis,Yt(rfun, Thoviviti,aud Uraniun (pcm;y,,,,rrc,s, 1967).



i.

all hut pitchblende cotit itt suota thoriu:o. The ne“ni.h:5 content is

very small, which twans thnt laro quLnitt ios of ore OL St he .j...xocc;:hod;

the theripm conlent is eve n smaller,,hut it Ls wortloaHle LO recover

the thert.= ns n by-product. ThLs is not culrontly an important
source of •hortum, hul growint; 41Lounts likoly to becomo
as ur3niula productton incroahes to meol il i-ds of the grcuine,
number cf nuclenr re;:clors, and there nrt holicved to ho lctre,e nooitnits

of thori= in existisg dumps f 1.htvions th:anin:L extroction.

	

2.3. tirenothoriduite

Uranothcritito is it:pure tier km oxide inval tobly

coritins uttinikm, and ts ri:nLd fer this reason. Tho Letin sourto ol
this ore in reeent years hcon the Mal.wRr:y Itepublio.

2 .4. Xt2lorinc:

Xenot i rie Ttr; sof.11 wt Pif,a;;;',;_ie; it ts a phosHIL le

of yttric which conibitns seL'L tbotoin:;1 tbootth thon t.onovibc.

MaleysLL is tho m.Lin ueuree et xenotle, t Jli seLio los heon proibLco•L


rec3ntly in

	

2.5. 1-tch-.erves

Rese,:vuS are deftued nc Ite:Leriol vbeh ts ccono.ticitlly

exploit:Wle under precent conr.b.tiLms, thnd te:ieu,-cesnre all othet

deposits.

'World refeves of vvve ehl:LJILed 3t 7/45,0 139

short Lohs in heb-yroL.e ca il y LIliled (1 , p0HLS RL the Thihd

United : ations InIttno.tional Conference on the peaceful Uses at AlooLic
Energy at. Ceneva in 1(.364, as shown in table 2.

I.

I.

•1
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Table 2: Therium: Estimated werld T('i(iVUliof
ginde minerni_s

2iLinc tvfln.

'1110 el_CILFOSI
--2

000 sl)orttons

IndiA, Ceylon,
Nepal, Pakistsn,
AfghAntntnn

Canada


U.S.A.

(3)
250 - Plneer

200 Sedimenfary, igneous
and :netamorphicrocks

100 Vein, pincar

Europe 103

Brazil 30 P1aeer and

meL•hsu.,,-,bicroehn

We _A):11AfHce 15 Plneer, lu_nneu:;atH.
melnL:InsphleYOSLS

Australia 10 Plaenr, ignenUs anc:
metnri.hic reck8

Egypt 10

Malagasy Republic 10 P1ncer, izneous and
metnwn,hic roci(£

nalawi 10 PlaceE

South Afrien 10 Vein

745

the main point to bn noted freynthin tsble is that thA reservns

in the countries •hich hnd the major share of.world Koduction of thorilnn

minerals before 196/1(namely South Afrien nnd Brazil) are 1ou relation•
to their production at that time. In fact, the reserves listed above,


while they may be econoinicallyexploitabk, hnve not seer,:dso lo their

owners; shipif,ent:;frem South Africa have ceased, and shipments frem


hrazil were severely restrieted though they now seum lo be risiny;agnin.

(1) Thie Indian AEC (iiI tiIited Indian de1nnits nt 40n),( ) tons h107 in 797j.



3. 1:nrld OrhIC th9rino.virynaI_ -

Table 3 ub:•dn Ine ;•;01"10. 1•1 oc:Oetj f or the y•nl

	

1965 to 1971. Thio the,bleOneI;KhY productIon of xeepoine, aud

tirouothorinniOu. 1t hae hcen comyll(d from a nuHhor CE SC•UCCeS,


ineladinn the 9.5. SUICflEUof tfOnes1;:naFfs ye;:111: and tho

Jeurnal Annual t:.e tlir• :ftcl-L•s hao,2beea

deoived directly I.romtLc produelIon stati5;ficoot the coontry concernod.

A ptoticular difficnIty tLE 9.5. figuono io that offinial prodnotion


fI;airms113veheen vithn1d sinee 19eJ/,and tLuru ero no pohlfshod

e"tiL:11e`I.The fIeO,lo';vn 5ivt fo: C.S. proInLthon hava huan derivoC,

froH a careful analyhiu of lied.teddotn avnilahla InY StOCRS øl mcnarile

findapparunl dom,;ndf(q.'rare eaoth Lhuorcls. Wo hiliove thceo fi;;Inee,;

ale faff]y clen to tho truth; onE reasens for thio opInfen are ffynfl

in deLail,On seelicmi

In Iahl tho tho rius nen-11ont of unrI o11;1-t 5s tod,

un Ihn ideal i cont on n lronnz Ced in 1  •Lilii

	

(s15n;i1es t-rf This (ahla inelnchoo,

fuf Cauadjan Iy-poL•1outthorloa.froa,urdnIum oFoo:• loa3.



T.21)1o.3: Wer10 ]u-nduclionof 1

196619 5)




t

19/0 1971




1965.._ 1963 1969

Auhirciin 2,600 2,200 2,900 2,050 3,800 4,1:00 4,500
Brazil 700 800 1,80() 1,850 2,200 2,550 2,500
Ceylon ‘'S




6 50 50 6 (I,
Indin 2,500 2,800 2,900 2,900 2,700 3,800 3,501
Indurcrio S ... $ S S 6 6

Soulh hoLea.




6 6 - - -




14010535;y 1,200



6 - - - -

Ma1nysin 800 1,90 3,100 2,/00 2,300 1,803 2,053
Nigerin 6 13 100 ti)




6 r
,iy

Seuth Africa -




- -




-
Thhilini

11.8. 2,000

-

2,250 3,b60

-

10,20a 9:10%

105

(.,7('

102

4,C00
Zaire S $ ('( 94 200 150 lf.)h




Totrilcffiuus
given 9,800 9,950 12,000 19,450 20,350 17,450 16,750

EstinJ(chf or
smh11proders 100 100 100 50 50 50 50




-






Tota1 9,9( 0 10,050 12,700 19,500 20,1400 17,500 16,;(h.,

Not clOt i,nates nre whdn totlin nearent50 ton. 6IOLOCnI 0n0.3er- 25th)..



1

I.

1

1
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Table L!;-)ri t1 t
ni . 2uctiJL1 ..L tLh,




IdCali 5'ud.
7110Ccflleift 1961 196; 1969 1970 1971

AnsluRlia i 205 145 265 310 315
brcz11 615. 115 120 145 165 165
CL,.nnd:1




25 40 50 20 -
Ceylon 6 6 5 5 S S
India




2,45 245 230 320 300

Indenc :1.2 6 6 6 6 S6.
South Korea 6 $




- -
Ma1Pgasy 73j PS - - -




Malaysi(i 8 90 195 185 145 160
HigLtin 6 5 6 - - .-

South Afrita 6




- -




Tht:iland (6)




5 5 5
U.5. 4 150 410 360 190 .163
zajre (6)




10 10 10

Total( incladii :t31,.Ated 840 1,11:15 1,260 1,170 1,120
5 tons for v..aaJ1

Note : est LadL 10 TtjC DC3reSt 5 Itafil
indicriueGu:dci 2. t-c8.



/4• Intornat5onal.trade_

Internat cindl trade i n thottinm ol'e prni ts dt. eul

to ge , :ily ceeue tha cnY Lie aro eetty.rn ime1y

:tt.ttlI, urd.nuayeuuiL , thorium (yrc2 1rnd t t iiequrutl y


put into stIssellaneeescatugorfes if sustcytsrt:tt.Hfis:ft.

The proble:55;;reect:emsolifoIin IFettoIles of voeld
and et;..ports follim::. Data fcts:1999 et.d.fo. 1910 is cof;plotu

as it will evcr be; data for 1971 is st11] not it;as


coffinletea furei.

For 1969, the trade fi;miresfor 7 iriyor I inr, cnancl

for 3 oxpert in't; coon trios are aveiluble. I';one ot Lbe fita.o ano


in e;:astatc,:eettsnt,for luo imaln

onazite Is nermalf:t;sont hy scs:,duI sfuee
two r:tafnc/pturtin,cosn;ries, LY:17- fli;; and :t.•;:tt;t-,;a,

are a Yay 110st enate •us, an exiett fuo:l

one of t'etoacounfltle:tnt the ent,of 1,12y

an impurt in ;he

at the Itt/Tinnin;;of the yenr. 1hIs ic

aceentuatet1by tur 1;j:.1 tJL:L J:.n: tre 1.1 ettuttlly

recorde1 urtil Lo.- drk nro urcH-nto3 t Cl»;t

wh:Ichmuy heysama afler tho voas hnyn arrived.

monanite for 2 nuntherof Fttropaat;daatinatiohs is
r.ertetime::transhippen;in the FcmitI )Is. ho[1,

1969 and 1970, ft nnvars likely t mont site

destined fc;1;Ihe :;eLL,':]=* (;):): in

ct:,:r.er;2:efIrtien) in fnet v.ysssut on In

Fran6e, and reeorded on arrival there as ef AemtrulIan ;
origin.

Der,pite tho discrepanHes, tijo main oroo of

mdrket are tmleranly'clear. Tolal world Frado atm:umtes1to a,500 to

5,(100m. tonttin 11I9, rnd increased cons:HntaIly in 1970, pr-ekibly to

some 6,0,)0to 7,000 m. tons. In luIthyears, Ilalaytjaacennnted foc

about 1,600 m. tons of the exports, aud Australia for nbout 95 pur

cent of the halance; the remainder cyttmein quantities of under 200

m. tolls from other small erportirn;conntries. lia;United Utatcs


inueh the laryest importar, and accounted for ahont thfee-quartern of

Lotal islportuin 1969, and at least half the total in 1970. Franne
was the cnly ether sipniIicdnt ityporterof Loni:e. 6 other

importintt;conn:_riesprohably uccoUnted fer a 1.1GXIMIi;; of 10 per conl

of total deten.1.



10101 10110 rnmea IMMe1001 1,111111101 000111

I:floorsingCountrv Tots1 ir721".

BolyiurFrance ccy-tr1nG

Cos:-.'sryof oriin

305

-

	

10 _ 2,247 2,562

	

101..-101
_151151

-1,4151,416
-40

	

__175

	

...20-..2
isire
OsSers, n s. 1 0

175
12

:otal 10633 11120 3 8'5

Co=try of orirt

C-±e7s, n.s.i.

Tahle 6: World Imnorts of Yors.t1 1970 (rs.tons)




Frsnce

i=ortino, Countsrv




Totc.1 i=orts




1,892




1,733




5,533




132





132

••• 234




50 1,186 1,490




63







14C l="8




125





10 17





10 2.504(1) "15




3,127 5,7-5

lots1 given ss 2,z441in sourco.

--



imel mul ale
Tal,le 7: "orl Tnazlte (m. t=s).

Ccu:-.trvofestination




yx=t1n; Co

Australa





Austria 4 -




Un.lium




- -
Fl=cr, 204 -




Wes::Germany - - -
Italy - 20 _
ara»in 150 173 173
Neti-.erlands 127 - -
U.K. - 3 243




2,233 - 1,185
ilthers,n.s.l. - - -




2.723 193




201,

20

503

127

246


3,L.23

Country of destination

Tc..'ple8:

Austr

Werld Zx-2




C(m.tons).





lotal o=rts bya





countr.loslisted

Aa:tria 5





Pcioun 152




52




2 04
Fraase 978





973
Vest Cermany 1





Italy






5 5 30




-rlcind3 1,213




355




1,57=




105





105




2,522




1,219 •••




n.s.1.





1




Total 5,018 0 1.537 I 6
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5. Not(Js cuuntfics

5.1. Awlralia _ 


Auotrlin is a iml»)r produlier of. monsAite nnd bufl heen fho most

i0poYt2nt Hnee 1960. HILH(', Iwch of thH: 1tu-Lo2,

the export of Indian nnd f.opoiite bAs prehihff-d, fhouh

in hofh cfuLm p:e•cosse toie IsFth chlorfIe bunn expolted.


Production flof, flther coud:Fies hos eithef hoofl for n litaited pim md

(e.g. Soulh Aiffea) or sOn a scflle.

Preduetinn in reeent yenrs is givefl lh teble 9 bolou.

9.0:h1e 9:iw:fal2;..i ef70 (

ItiFy 1969 1969 ' 1970

QuL.ensland

Weflern An:;ttulid

a43

476(1)
(1)

1,130

175(1)52(i 

33235)'-'

. 2,9133,513

	

2,163 1,849 " 3,420 3,929

V.:.1nn. (.:2-1.t2nu (:.=); 21,1 .: 237 439 554

AveFagn valu0 141: ton

es0Heiuu ($) 134 128 128 141

Erpnrt in 1970 vie IbocI 5,000 tod::, refleofing if: fhe

liquidntion of Somo 70 fons of xoriolifw ennfainin: 36,500 Jb.

of yttriuffl u.are preJuouI

The Anftralidn Lufouu of Hinerol Poiuinnms, Geology ;:nd

Gecipby:-:icb ecubier thnt prode( on of ciiuld be n 1 be: t

if requiFed. oninind prlduction

fiures foe Ii.24,22.ite and iL2aLte in Wasti..rn uhew ULL

production of essinzite pel 1,000 tons of ilmoni rose from 4.3 fons in


1969 10 4.7 tene in 1970 (c94.ydred wifh dbout 2.5 tons in 1967-6g

though the 1.:,fes not (>02elly ce.r43dra!;1). This incred4c fefleets

the increain of Atodimaliun pFoIugefu to tho

necessuy extFa equipment. la separufe lbe moun/ife. If is i,anurolly
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cocHder*d that (nny-w»y icr Last produccyr) t-he pylce of

LO frateare tc LUL

han probpbly Lecni overcin,.n5cined. We,bt Coast pi.oduction is by

tont import:JIL, and proc)cc:jo» tLere is foyect lu expand

considerably; hon, -azfle pYeduet::en iv dlInon,t to 1;.) up Yith

The 1,'.2jorFro(.1uc .ry of in Anc.triin

Tilnuium LI, nho are the nniin iLnnni.te cceluctin in
Consolidnted CD1d Fieldc of Austrz.lir, holdc 85 pc:r ecnt cf the cn;n5ty,

ann itini.np Tr.-:dcrs Ltd. abocL 11 pc.,r ccnt. Untri 19(9, frt,.•


this Eource um sold cntfrely On forjfd cont“,ct. to Aff,ericr.n Polhh

and Chewical Cocp. Productl.on of nLonaH.te hns been expanding. r3pidly

an j.170itc prodTictio:, 11; in ts.L1( 10 b_:1(>:. VeYi


liurited qunntities et x€not.5.1:,3 are zd.Ho produccd. '

TaLle 10: Ar ct Pvcdnc'cion or crcl. nt  Icr to

Wer,lurn TiL sirn J, Jflbi5 rn PYILI (IcW))

Ye:::-; end Nip 30t11 Jr.flunry 1966 1967 )9bfl 1939 1.r'
J

Konn2itc. 864 U86 1,W33 1,2(.9 r

Xe:1“DCSw2. - - 13 31 : , 77,

Oft!.;:' n-Inrntr
(1:.-tic)y Sinv.-n-15N) 183,11.0 19,/:A0-' 212,07 227 ,LEM 7Y.,.6

Totnt 183,974 196,126 213,119 228,9Y: 25,..."/%7

Wef:Irn15Ln Sancln Ltd., 44 fat1iint.cnt Pc)-th

focly no»n nr, Ve:il ,-.11r:r, 03.1 ILL, and is n Koducur (1f

monr4zit.e n!.; a 1„; pr'Cidcet fro:n. it8 1.).. •EiLY 11

of Auntl.uY rty. Ltd, and Ihr.,reftre n f;uh•Nibsi.diary u; BrItish Titar
in 1960 wan reported to lan 80,000 tonn of ilenitn; pi-oducccs.

in 1065/(,9 99,0^/0 ton. At that

in licird to to 130,000 ter.s, cnd lo

capncIty frci.., 750 to 1,500 tom; a yenr. The tin,nkczite is pvuduced by

the Co::;';; 5 C,ry cep..rhtion p1Ly:t W.A.

Cble (1956) Ltd. operate!, on Iho north clore if bnri L;,.y

neE:Y Bunbury, nnd hnn a c:Apr..city of :ibout 130,001 ilnenite a

Thr., c~nny in t11011y owned by Kathleen Inve3tificrntr; (Auntni)in) Ltd.

Prodution of n.onazi.te ucn /165 tons in 1969 end 670 ton3 in 1970.

Wer:tern 8/1-,(1t:,Ltd, fl] ni nu 1r.-};e 11,r2nitc. prod\werr‘

0,1 the 1,1e::t hut thy do nol c;iw(.7- to pr c:det'. av i0 11[3n

cyncd by Titan Lid.•flnd by Wnnli-1111;:n

8bov),
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On I he V,ost Colre fhe nci 1oi ,, 11 dueer is Anociti.d Ninftralt.
Conro1Idated 1Co.foonis ittdt) forsied tal land eeat ro I t.: fuer 1951
hy tht Censoltdat, 5 Cole Ffelas yroe:t dnye fl 4 1, c, Iror Lic
jutereat. ILoy epdrnte in N. South aud Qoyeininnd;
su'ohldHry, Titnnits, nnd 2frydotifon 1, thr. r Ire; tfatt
lars,c flontint drefto. n with r. orsiHned r ft. city of 1 , 7100 h coar
1:1111•production 1hpuret nre not avnilchto hot the CCL1)1111y1,1111(1,k(e3 293
t(1:111 11D:11,1311:11,1P(13 fl by-;)rtdectf efLOthCf teus of tea prodnation

thn third ttuastfr of 1n70, and 1/9 t, dt offtenaffhtent n hy-predract
fucar. 51,000 tons totd1 psoduction in thn iirst qucrter ul

itinern1 hu»nsfts, Ltd. h..1\n tr, 1,12,uu at fltrad
aud lIr n, 'aust, lhey nre a suhnHd:ary of Altsy
Nnuvfaeturittp, Co. Ciy. 1.1d. uhfch iii turn is n subsfdidry of N.h.
Infhletries lne., Yolk. Itunaite tf anettee.“1 nn a hy-prethe t of
rutilo nnd zfreon (streetion. f:O2 cons of moen:fhte ,dese
preI=d 35 a hy-prodnet frtea 111-1,0fl1 loar cf rutilo and ffiscon. In

tln prfnt:tfas yuss, 113,0.ft tone of rnt11( and tftreta vcru prodantd„
Diii ni,j);,F,n rly 1,,onn t,t(( ext a, c. bly 1st the pcfce
of inchn:::fte atnf, net tethnul sufcipieellt hLdt to wd:tont tho fay. USO of
estrnetHn. tut..H]ny has resci,et uf 1.2 12111, tont of ruti1a ond

1.2 mill lons oC .,Hreck).

Rof flo r non isas 1 ) 1.rd. rro n1 ro 12 i i cood.

Thyy are arsocinted wIth
Kta 111 e n I1VCStra Al: r tra 1,1 d .

Tot;11 Noiorrirri of tIcenflo .311,1 r1Itile fin Aufaralin can
jurr evcr ct5.11h t n:n fs ahd Lar Han. sinca. Aarinp thn

prodocorr of ilrroj:r nud tattlie not listed ahove nre Coattd1 10HI:faitt,

Deve1op:sent ft  . Ild., Contolidnted htd., Cudpen N.Z. Ihd,,

/terphyase No1fH:r: 1 ni , Ndrnoda».: :ert Ho Ltd., Nat.In n IHvers
Itot ile Pty. Lrd., Queenslnnd Tihanfe.t Itft's Ply. Ltd., and H;o.',1-
pil]ii hr), 511 of t±ore no, oniro rre t lHcndoIiy 11! fl

ponit 11: to profhwe inon.afttte, nitif cntlic iL totad pot ent ial for any

one nc,tpony is unlifrly to he Isorr thnn n fet.: hundred tous d yenr,
their cos of thte odun.:“"u isahat would tend t ent thorr

any tontoney for the price of tannazite to riso, should this dovelop
as a result of incrensed dtfutaud.

Pron;)eciie: for ucu ritaitrri crv bodies een:innet very
activoly, and sce.o ef- theto ara proelnit vinhle. For esotsple, tlict
Enst Minerals NI, hds proved rotervef; of I. tone of ilrenitc,

ttonav.ite hnd deuctes.ette in the Breaellton 22t21 of Westert:
Austtnlin, and tfda espectod to ntnrt opfrations nt 150,1111) tout n
year frorr early 19/2. Sfanct 1,00f1 Usu n year of thit ~ly

be ltondaite, if the eeratnny couoider it vni thttalile e:::trnet fict it.
Detnila of other cotipdniet enpnped in c:t.plorntiou nre in the
ahhocfnet reporL in flfin sorfeo ”Iflaniuff che.mfcalf, trtal

and alIcys".
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5.4.

' Thorium pree1cnbd fin n fl fl('fi5flsrn the L:1:e

(yer,'tichn 0:yrdic Rio 1..1},00iiitvn LId. fro:1 1559 to
1969. Tho L  olioc t borio:   oinif% oor:
per oeot 'ibny :1.1o1\•:t yiinly 5;pp.(' to Tion.:um Ltd. tL US. ( R:o

goin is mm Ln,cci te, rrd 'fl:c  ) 5u..) Ltd f Lim bbil
Corporr:tfrol 1.bd. of London) Fmoil were ref5ved to
pradc (99.8 c(A7 Thfl,/) for'nut.J05.on Ds.. :nm Ltd., of Dol(u, Ont.
who protu v : 00 5j 150d 1.1.1)11;;', t ,.1 pidir :1701 jsnYder , ti•on:ynin im:fcl

thy gnontity :113Hic. l lo Dominion in 1969 (the only for

ohich fi;:e.r(r;nro oucein:111e)k.m.0only 919 15.

Pro(luctinn fieuren lbeve sof bebn p•blinbed bdt (.:on be euL5::tei
fre.m the U.K. impoi loT ti.orium tbf.:•oe..nir the (n..dc1
this repoyt , fo IInwn.:

'.11,1c. 1 I C : ‘: o -
so 1  -'1--f .:[: ••• 

Foss e bn•-•to-

1566 16 lo 58 25
19U/ 38 10 55 40

968 44 to (0
19G9 2o to 23 20
1970
1971

I. nthy: of c & . (-; be :):1u2etU. connt ry of ovitH
of 5.t.pon in only fur nobie Or th,, sunIst ho is t Le of {:;c3

. The true tot.;(1isslilos1y to I :{1 the lowcur ebd IliLC

sinoe, if tir• Dnprrt(-):lb•d no obyction to pnHftf,t'Len of the eDe.:-.tbj-Gr
orlpin for Os i munthr, be in unl:brly to lov dono so for olbens, ond (1).,•
boL‘flee if; tbuu probnbly c0-,5L15.coiof uf p.-(icer,:;ed thurios” froH

otl= rountny. (Drnhe infort.Jvinp on the videe tb(tH.


viv,7). •

The capritity of the Rio by-procluct plant Wns Sven rJr:
150 to 200 tons uf 11-.02 otod 100 ,MCY-11b. of r:•re erth coneentr;:te.
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Ttt 1955, fo Al tyci, ttr rt ed E,i;n ei .11 . ci Imenfelt- ore rort,o-

ell immt1 v, Lc,.:tr-trry trit. mtio.t ei Yort-'t irdti . to-tf

slu-tf12 t.t: Qn11.1»:in FI.11 b it`b t Qu Si 1,,t 11 , to.tti rctor..t•Lt 5tm

the Pdmr1 r:tec drd ri 11 1:111-d ccd.,,o1ot i,itl.o A1 tor cLett to ,ytt m,;ctc.

for 5,(i )1) Loomo f,t)L yo , whIch Lom i 1rdoly 'Cl nrottldtpt t..1(to

ut 2,C00 t oto, of: 112,0;u1tcei de iS d»r,iC eceid htt not.

Dertm3 f or i pYl  tre,21., 1A: v 1 y t"os to

st 1( t,cettr dlct ett tty erntL ot AusttL1 , 


Afl icc li. .eEd 3.E. iof flve( mueLtr woo 1 i 1 i1e t o 1 ;qui(k  -e so„J'

of ette t ce:milds 1m1 G. VL L cn tm:Ltle t u do ,o du t t o Lhe e I.L:rkr1


condit.

ttiL cot,1.,1 dly it! Inr foLc

A re.cei,t Ity pc1,11::»Itid report Ctir,tnirma Lcol ili urlInEi in c.d-; Itc:rotc s,

Protluct too omt r , ImEod . of itn st1 9ertmr, , tt21)

cr ilmt 1 t T1m, JO 05111tc1:0m•11 le rd 1.3 tons of U.t

reoftendltly Htmurcd rrscrttr: III Ctio:(1, ic1t, min mcict.1 ly

the ! ice 1: 1 ot, 11mo f.;1(t itt 1L . t'r

lii t it cm:Mtt ' le. ut tt . t o i. 1 151> ,

doc 1 int.1 lit trmo ioco cm;t. tnot rejt,:t er, tl cur 1 n 1

u-mtnitr t: t x 11 be 11-tO,C

1n l9.iTi. C t:Lon 11 »-obdbl dbonL rr: cent itt7. tior

t ot[ti, c'd1 cit Li;)1 le; L1, Cdt, Kod.,ttGir ot jo m1dtct. t Cert1.1(1.


11 >030 i0i. I.CCIG in 1 tiO1-1).

Unitrt ti:ett in (1,:tt-nd f or t1:ceieei fo; I poy-y ous

(lese th - 1 e• H - 1 1 he w ue: I ( (1. in LIe cerroot ttt

LIto

flt,Lt ,1 1 imr; , ; lo mttsc.iI ih( :‘•

o derm; d f fet mc 1 r ,r pottot onft , by-pcc.luct tlioriue

is La TOGLi 0 Li Il p.u:t of tAlc

Deui yc,o I td. rO iiOiflI,) ••rdt ion et- 1111

StttorccIt LId. produced orLnimi t oxi det; uot

1,569, thyy nut at c.dccli; Ihere au reporutt of .my

thoriut:t 1,rodurt fro.,1 thol soorce cii



	

Inc Leylob 11,1ncrstl 5iL Crcp baS, fl fin 1 riorth

at Pu1.ctddcIi ,Hit)iiI $5 ds: I (Is f bn. t :5] eb. TItt Ithi buslif)se is

prOduel. . ÏWrep:J• (0,025)

toris of t

Jup.in) luds,1 CXL ed tiiis, sij.i.cii 5.1

muy Lave 'j'hind4:HI bnnt.n.H: f u. f

and repc;;-:

119(.8 1-11ridt ("".11,flus,Vet,ti
5 I tC tbsi d 1 1 r) T. ce Le

rutile «v;d1:sns: pl uns.d1 la precIncf.::

concenfrd1.(-1;

'11

frof., 19 1,,, i u I (d'd's . fu:d.: I, t oun;.„•, s o;

Cu.i-ITee. by n (.(,vel tr.'eml.-. 1Ui',111 at ',..,;...“L , nnd t hsy rb,d; b.,1(1 by Luadev:

s.:sIl tond., 'fbe 1.,,Ibes: ;,'by b, , :300 1:,us II: 1 Yrd; (,,,d. 125 ::.•
T,,

1965. 91:: :',..C. f I ; :, -: , t :',1 :

1969. flICF I 1,11,1 i-eptril-:: Of Ce\''CH-.,H, ' *::, (nr,t: Cri I

the :.;.-  •::(,' l'i ' 511 Liii: til..»,)



tyi .;', r.-...:: , l 1, ' l jr: ILHt.'1. LIC•

of tbe CInd,' u

beneb s:,:: 'fl r T. if • . : is 1 . ..'. ye.[.r, .1.:':.

reaent 1 y 'f: Ilds bse LbrI;.1 f) is.. Iu

5.5.

	

EL:)7); )))))1101 (.1,,1:n5 n L •r);))))).11)1 UC)- (' I)) )))))) I 1•<1 1))1 1962 	 fls. 1..Viil,•

bnen ut-iL ii,c 1959 dbf t he 1,(sif,-.- I te und (.; I.b.; b.,,...... 1,h,brsil cob: :

Iibf b.:-: fuid Is Y I par 1 }-,..v(.. I.. f. I) 1...',..( , :,nd. I t -.Is 1I1n,iy 1,Is; I_

is eitheY r.:!::] ) )" anu-eui st (sdb . "bh<, robebn,,,,- d: e: nn,', 1 ,..,.p:, I dn 1n; ( I.

Co. toob oub '1.11 plubb of t bc: fo) b: r /vin,:lo--95y-bi.in Iii 1.,:yw Co. in I93/ .



	

5.6. 1:-0,30ue

forf 5Lij den TL rns Rares orer j:y H cJi inc;

in 1560, tHthtt-mt.jecn fit 1: thn :jcen

prceeput. th Lfuthce. Thetr tfliTlt La boelnH le Itro(titt(*h a witht

nin{te of CflY Lii :rdd [hOri.l.J11 LIC 102 1-7e (ir


t n

ntc:. f-r0000rro Los roHso.

roLorsor, or <AI,OHL.o: (:epnrti ooul. .„„

the Shet. de 1.10:1 bit C12 T.

ac:f HJ; Thi 1 j 1:nnnc, int

: 	 •••1 -

fdbri f6c3.1:er in olher nuttHIltk

Unt i 1 1961 Pechittuy ttuT r;L: r.itter H1T; th_

//the't.tHILuht: ttrr.--TeLunt. U.Lb the Pr•.1('" (:CjAC r.U111011.-

(CLI) vite 101. ell).2d the thorikul Fuelljuey 11.1c) e;:r Ih

11, pl nnt c jnkiec , J.:13 i' . irna.cO i

	

1:1 1.9-/fj, inf-:J

3e_youttud Ltit. 5 prr cefli ot Frop:6 iLtItoll— yntet CRYtL Otne , trnd

mosh 01 Ihu vet»thind..t: eJtre trult thy Ce6lto, ttia and Ml;!».:tt.

fr.etnt -h, ihc ni.in :L y
pred;;Wly reescej ;o:, the

lite Infl C.1",)::111;,.lt n:J., Franee 11[ n jntarent in I

00 1:60H10,1 ':.'1(11». :06 00(1.i0; ft10

PCChin0y beTh t»Ittld t,1-;.Litt t.; LitoLiniti ynly

r.:l! , n of produc:::: in 1973

1):inntit: of 1.6n 1,1.e , 3,-;coinen, Pnr H, 5e and G. I .C.A.1' ,

Site 3 ndu:: tr: ni 1.c E,jf oyco , c nc CjL: nel J t lec:31:31 con:pc:nnIn.

	

5.7. ihny

itte sitd-tind in CerFmhy tittfRd elum Peture

manuf I urt; Lii 0310 0T.0) thS 1.1n.y or,ed itiieirted

monazi te L10 111( 	 mai11 1 EntlerjR] Af fef le‘ wer: , Lhe

i:iOt)eziti vin p-ohthitcP. hec-tt,e IL contrtincT yhtt-t:teLive ivaheri:11,

when Lltehe ru:tt.ptatteht; 0,.re It ft 0(1, twer cHci

productioh et their factoty in ht2Elitt. Thcir chemitths w,tre IrahtLfurred

to Th. GoldhchicIL.



	

itttotot n tin rct: ttot boon

	

ThLr,- t 1.909 ur i 571„

1910 onn. t,ere rtt: W21_ ] b.:]Rin:Cd

by LOt ts..

	

On othor lito!, •itttitort.:oil ditot tort t-,troul:d;t ( ;I, yit tch

c:;t, are itonuc I I.

I 1, ht t.0 ; : I) (.1,11 ,

	

196; 11 l'1, in tttY) toot; tin tooird,

mtd 56 Fl. runn n I I; 11,rt

411. tons i noo of hune

	

reL cl c C I .y

	

r ; '1.1 for r: c,:r n j(ni itt (5. r but L-wre nrc 7.,51

IH

ticod rot . I :: . 1 t C;`, clc;

t b 	 lo< ;1dt 111<10 t coo. t tm 15 t.:: Inn: it.„1

e,-1:Hrt VO.Eir, Jt todt ll<c tot:Lott o, nt:t ho.

t bottioot mi.trt:t ,t, o 15 tmno, t hottioH, no omm nott

ttrolltl c! curroopot n tilmot 'Ott IL1 50 Lolo, iIinrjtioi rat cotti:olt t:

	

sur to:tol H.:.; hor t oott til in 1970, 1 ot t is

ditli: dt til: c; :!:, itt: ,:t•t::: 1 no:, «1:otto

	

ot tottoci doto to !, ito ; ityt tn :tt

thor tort. tly tot \-ory Hoty .t;t toir


tin2 1,0cr. 1.11011::195.1 roin

\nduu cf 1970

	

trtle 11`.1) 1 i y mo;341:: t.t L<. oil titut: ot 1 Litm rot uon

of t ; I uu(y- , cluvc ol in 11. rui uay,

	

r`i I  1,' I 31i I ':Jurn

rubl! hed infur.0 .!\un t \.:11:7•,:. his

	

Tt le " 1-»+ ( ru0:“:(1 5.Cn1 y

(IF ;:' Ctt the

ri,,L and )1"
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5 . . Tridi rri

Ind prodoccr ite ruot clfc,or 1910

to 191ei. Lbe puft_ of Ltoutt'/Ild h.t,c plchibitvd aud


1Le jto1asHy liai d ci

Tbe Quilca

of p;" -JH 7. 1 et
t: suppl. to the p: i:are. oHio, 1,NL Aloaye 1n la'r:abt

prc  cluc'[.d 3, 8"..,l) cf "r1h chl or i ay iI Lih; L

In Ch 1;'Y \C Ci-e:e t 1-»:( Cie:'11( e, 7o1c.1 i chf

(1';',) ?"..-, t 2.,p ai J: T1J :',. c ,..9.2.:'...:.,

-,, lan 


h k h 1 .. 0:1]     O :. o 1:12-; L':-1-11,;: hs, 2 pI:'nL;'t 11: '..ns repn,tcni

rtnroor,a in 1 9s9, tnal produeLd 2,700 Iclu: o .f r ; 1 or proca:.nitnt,


a t Al.;:ayn in I 9n9//(1.

' „ly
11:ULL . f :

ofi Pdf an

lodHo f-ire  t;ts, opernItiti: ts t, Nadu 1C :rilt

in 1969. T;)y r(r u(-'sc fur ,::  ;(,H

Live ;:h

i

01 I.

pfaaJ aJ yvo, Kerala Stale, culnplelud in 1952 witl:

es1 :0 1 r or; < 1<nroc.1 1000 cit C;rni1, ;1. and Soatet

l'rndasilis T('.1 1:('`; Tbn d ics:1,ne of 2 , 500

lors, 	; ;,, ;Len,: Loas 1062.


nsc;

	

r 120 l' was

cynt s knI nal • ..tf-t (pre1:ably alont pc'f: rent.) in 1970;

of t borjuir In)91]•osi o the Irellatt {;:ovorsr.nnt ,:trrstni_nd to $00,. 000

in 1.1aJ yedr. Aretfer p1(1 JIL Tror1nay, puy'iuc".±. 1 boriwci niLvate

ri nro'inc:cd at. Al A pi I CLi. sc;»le

,H,A1 L.H,c 11,,s •fl uclwyce,h

Ci p
1e11,000 !
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Lorth Tid.ing for snir. thjrrr thc jr

Eurcy.: » 001 0 ro l AC ScL.eyzoL 	 1 2 thc

fall ua KLicuts:

Thoritron I r.':3Le

Ler in oil-cRt.o

t;ixodrRoo deloulco

terf f]tiiridn

Ler ihm on

Salyu cf Lree ocerthutioutc:oto Europo te'cue4.960 :;11.Loiio

v“lued nr $ 11.5.1125 uill. in 1965/70, uelifrlychu.lUlcthf)uoin nm

provionG yor.

luree

	

tioy UOrP offorticie nCr,Lit tho'i inira

mmitru te and thorin!, Ihnt

5.9. IOC1LOO

relfiC1 t Of lerrn I e 11:1120 boon p; 1L. (1. by-pred

of UIT. -y o u!lit ecui

ju 'Hte-tili,e tr\iTS) IHUIL 10 »tri uf Lhe•

todoutt:eio.t.1:10 J li Ilaiii415JOIrn )r)1

Th(.10 Rre pociod; c rtHen to of pnrcol s of lo). or r'rctcaut1.

mor-Icrl.nt Cio c`. r kort 11-10:(nsr , 1 h2 i. tons (1, I inr!r,n;

t Erdlee 5 ml 15./0. 150 ()I Inso trodo is coCi in tilni

stR;istmo n Le stR?:i [;t tIme rth ko.1 y nLs, 3.110 iL 5.r

unlike1y Liu.tpLoicLlice in jude,.:ouUm tct flificJY,t.

5.10. Jrtpctn.

J;uli,n 11 chly tbc third tf  virto4 of 3“C  1

thcoy» o involyod ;n-c, CClIOJtOLY ly the Luo

Uilporterr,(the 11,5.and Fronce).

TLC orhili CUP. CrE; U)aceld bflpoY1 in ed puccu,ret-ing

mowl:tito aud u:rnuf:mutureof Lhoriut coupocuds in J;tpOo m :tro:thot;FLni

table 12.
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Thoriu
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Co. (Dj nib on)

Co..yofo; ltd.,
,

Toyo 1.1.(2. , 0,

Wolti 9u. udu Co. 1LC., Tof.yo. (Nist, k (,3 )

i. 1.N1 . 'ro1

fli triii'i.I;ii.S'foj i Toloj 0, (Nfi Itof on)

N.11:;ui Co: , ToNyo. (Mibt-1.• i bat )
Mof It P

MO.

	

011/T.Y1;rndCO. (1-lit Yult.cr).

Tollu Co.

Co.

kori

(fli o•
or)

Tho er.ti 1 ii• con[ol o (.6ro: i o

.11:po0 IRNIe 1,o 1

C4“ Yv
ofoli o in

-

t

N:“..Thn__,
confoot I

(Ifer_ Junt )

Al.]11-lia 71.:

Ccyl on 6

S.Nwren 6

Mal“yria 8

soulhAfficfl 6

Thailifild (6)

U.S.A. 4

Z:111-e (6)

To1R1
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NJ,J

Coh! of ono t

19CS 1969 ,1_970 1971




U.7




3.6




6.0




1.6




4.0 1.7





0.2





2.9





3.6

1.6 6.7 4.0 12.0

1967

4.0

0.5
11,4

4,6

15.9



crt r‘f t k),„ ur

de 71 c 11:17e '('  ( tionfs.

t-t Fre'd tl!r Vfl3LP t (:yrt chnn- t hat

	

y 1, 1,tn0.: ; n

10 pur seut •t t eut no[:,t et H.•r ts 15 Ifely

nit-ent (:i ILIOFiS iii  e111 ares

and Cnort e»,p,),neds of.2],s, tons tn 15)0 and 19 tati:; in 1911,

	

Tot el lspsmsse I ee.1 in os silt s fof t hnr i St,nr. 2.Ce

(1.1.: I 9 ti tons i n 1511, and ttre pt esusia y

refiut uts.ents f at).-1Fr tise

5, 1., 1

77 er (1» t 1,1 ;ef; Ity

t 1:, Ifere's, e• • Co.

;1' IHIL t y eteht Itre.I.-Le 1 t•,,'• •;1

touLent-inr, t.lef o e,spw‘f t s, th,it I Je‘y

Itittiji. ec» tD'i'''1iit 11.1 h 15520 c nnt. rffi t:oefif

nss1.t .xe • ztreen.

y; ) 'ree,

	

1,k: ':;:'  "1-1

n (”. (:j n

49 Luii? pc:) ei i.c t 7.9 in t venn. Yt-edttet i nn •

;-;(.:tSi 1997 is IL ese tes

5.12.t; nul,1 is_ . .

	

Depu;;.i I ; of be;nii ca yte, i si it i fl. si i i 0 anut 7,ireon 35

wel 1 as rstrd,2s.1 ong t in• cns• 05:n4 weye uonb,ed

by Soe •.teTient Fnituto. de Fed

Ant (1. ( re.i? y;')(,t t e 19()/ c pr( ;Ibont:

4 tai ])., tnens ef a0n29 per ee. bst ent-tet_

w;u2, !,9:3 i ons i ti 19e /63 f;ms. ail.t 1 Lit sd with t he (ne

117100(,) Al tis Yeeb. iney SA, There were p 1 aint lot a

r  nes,-,1 sands ep(Latfen. but titese usre nbandcned t:»cnuse

of sh:;;,-brf, ecitics ne” ither iye; Ltuch

i nterest: lit the J 1Tenite zircen wbf.ch woul (1 be Ihe imain 71 educts


ecove cd)



AnoLI:er l)ny Carry,eel in 1.1onnitn IncinnH7, in the /finuf.nlin:1

areri,nr Soy:/.1Er d'F:.,21,)rdtHeti reidtary eL tHi• Liet:ch

mtinetdelltrer ei Ibeir


ceiirtitd in U;(tt,

The. Ync'nui: import f5trrre nhow no ilmpflYLS ffcm Madnn*::fon nfte:

1967, vilifnh courivnin thc: impnennion that 1 rtciu<;l.iopi cf Honazit

te;.,,:eyts ty:aprNd Fr;,.nee in the yea•st

1967 .::nd have also th.tt, huai(td:

tailtirtd ded had ptc.t.c:a2d 165 tehr (of dti.Ht 122

tent, udr nnintnd);in 1967. renh*nc:y von nut further pr()S15Cuti ft;

for tinin convonny.

5. 13. 11:H da 4

ptitajts ce.ltditdirt:t Jedsl, 1“),Qtr,-; terts ef t

C7.‘n evc pit i hivr,rn

Hill. Thn. ther-+.:1, :,,e1 li ndeed

har a )are edyt hdt.ttrit:i

•,;11 tr.,:::sittp Ltd. ita.

(di:d t:tt btit thir re.:e fcr year,)

tet thr.: t. 1;Ct t t Leat ret,,art,e,a,

that .r.r\eir.:1.1.n,tdred Laris etr, tyeta

A furtlftl. rnporti et. ti;e. :

wrts 51. V 1971•

5.1/4. V

lionn t t• n ns n by:prechict: of i i y,C.-C;1t:I.inn, lIt

S in resti.d,je, y of

ProLtnet.inn of: cericyyt:r-Les t(a,',urted


(leari

196.3 885

1964. 303

1565 694

1966 866-

1;.67 947
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tht: of 150 tons of v:: CCC'III rat eno;; per 0

in Ou.r. CE ; uy.poLl

llorpor \Th. o y of

inY.-H)TT a piran: t o un; 'T.AH
nolle(iTtrare, TecbritTi. t Too. t t • ebe, ' TATTru,

Ear tl1s Lrd. TI:jb plont I Ure t of a

	

e sourco 05. ::npnly, uncoao. tHee 11 :•:.-:


prodoceer  I

m-oy Lawaver Tna:„, t hjo L,

rc thn

. T.Ld.

(1 I n lor{Other co,r.] uTo1u111 are

11,a1o): Tir Dre (1, Co. t (1,

The J:WhIroo Ind.. I i

17C•nloaa.:AL

(1)-711,c, ec-Hiny rcni _Hod rieA, J oa ee o 5 t u, -
zircon in the yer c,ndi 19 /1, nfld LT)::,052 rn Lhe.  oo

A ralo: 1-:2d12 PO.O.7

t 0`.1I; 1

CaToo

tna

,per 11T. contn,ii-o d,
2 T3

s .
to. 1 ria LT,T

eur: obn in 15/1 o
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3.8 J6:1- c.:(111,. oi y o have: bn:u: found (it N...,.o-Ov cHnet b0 ::i1::. ::::,.1 ob

i

/b: jon:: i . Tboy ::: e
,
re1p.p: (loyLI rpoj hy a ccHpnny coot n ol 1 i el by Soch 1 pey

whi el: i r can ,.), fiC.f,N!6::::::. (Sor--':',7f:( 111 ii ..ij:::-;.: cli. 6 lb.Ji'r  ‘.;.•- (0 . n»,,r, t:',H)•
it k: :: hli:',U1'.( ,'».- i I-: .1..16; ti ! t-h2 or....:: iii: : -;,,:i ,,,,,Hi Ly ,i:. vi.],,,• 0 ',,..,


I .±::: It:liS Cf 01,. s yeor, ...».. 01:, ::::»±ir: too .:bii:,,,1

1,/ )

?[..I IN I l'..- h'CIJII.::,* 1:1:::1:ti 2:t Jr.:: NnoNoilo. The nine pru:',n

	

ton6 6: cru cent.:  1 7: '. :".'...; 164 prr ',...:::: y70,i ..,d () t o ,rey c,..sit.
0. (i0() H. L:}us o; c:ccribrobe ,r.::: chibp;•(1 I o Ni-;11,cr

L't tht:

I IL:t Il  . clo;:t.d unr.Ly in 1.70 buco.o.t;o: ob :41:-plos ::to:::::: lpirb b•)• J't ultti:tist:

5.16

rttia i t i i alL)Lt.ttr pt (::', , t. Itttett ti i L'iir '1;:, i lit:

n-, f eLe t: . Pyclue t i , .1 i n ..,1;,t c3 1::,

'Ittr..1;.: tt ; :: ,_t ‘ l-i,ut :;: i i :::;,:,-:t •;: -

Ilit Lorts.

10 odut:L r bin lcceo.b. be

19C7

P;b1;
1969

1970

p of tin oye:

	

Aur:1; (.1 Tin of fl in Ltd.

Janin:

Co. (61;cr

• 1
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5.17. 1 Itu c

Tint nntl-c1 Nati ent uct rnp rr L IttUt; uc ho

a larco ei Ihtly crun'. ,

sca CU 1 lc, c.
proCcy: ternrUcd thtitt ,

NhUe 1,:arrichly hot •unly) and ViiiL
Stinu th;nich Co, I nc. (cfit.1:inIc1 N.cat Nuy 1 car yetc

Livc icurtitet n co,,tict:"

111 fl I ont ;unnazily in titc rtc ictch

1952 to r»,a dt uStett fl hOUJ. Of (30> (IC- h(fi t fin-J; O:-O; 0,1t

: ) nyat iact Nicrio .1cup in thu Stch[n1 9. ,-ual dcf

Ity t idu A:c c n Corp. cf Scut thd. This -vc

Ileye t ht; ufnrah tliult. t i ,;atillur tutt rt-t- c;

tt -zircer, haut-nyi tr, chnInopt,c-: t

r,n1una. Al unuu JO hclic:veki ;ve buda ?.(7,1(1, 1.19; 1.. t

Cheftirci P;ui of P.;ocrican routcht and Chceit.c.1 Cotporntien. -

Cor.;un-huy cf the £2,, Cin) t tna: con

year. fc,• yn;; friuu tc; tsar an1  :,c; cr. iftht•

and 19u1 to fuJi outa caut ild C,LhIC sinhut (f,if foy

C011.1.1Y:,- o -1 thO fH”o flfe an1 jf

jo y ‘:1.-1. 1,1 be if t 1,c ittice cf ruuna.ite. rose


sufficiont y

S 11 of !-,-unnualt:Lt dci C t

occ,io:J ly frc Afrfna f .-

oru nct ot twn-cut aric e . Very t cd aratunta ef eontud th nth-

pr oduccit of the licavy woclulinn-; On Nautil tantf,..

A tuhrid nt o-nr catt Cutp. c1t1-uat,-91. et tr,n,abafa tint ,

nnd anolt jict tecuult y hunn er. oL V.O1-(6."7,

The At caH c N.nergy Lenin1 report.cd ict 1971 lhal thic Peltd.

Mininr, Corp. lutd cucni:ttc-:.cund n nlant al abota copper minu for

ho recovut y of hy-ntoth.tct. urarlitna solplwiu fuota a


heavy trinct-n1 conconchnte, conL.tiniwr, utnnolbctianihc.

ti



	

1 91.7. '.... ( n I r ;;;ri: 1c f 1.-.

nr i t P, i I I.c t 1,e! e
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....
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Tiro-r illl:‘ 1 Hl . ‘'iil: bi Fle:: 5 tit±, I;• '1“::  :es..U.iM
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flur): Li.y 1,ir fb:fil::. \::.;.; R . :1 Hrl- yx-;“,iret- .-I .1 Dur5;

lo 199(»,•! tht: ft,c,..lr: .,:. a 1":1;:t.()fy xx,i,. 1H.,.airl 1•1[Led •LI '.n  } 1

'' t i:• ; 1- . 	

\ 'ht, thE:',1, ;'11(.'. 1,'.rdr; ; : . SI,L,'I::'.»-f. i .11 (.).:. :

tH-tt.

chi tro

	

'I I lf,:‘ pl
, Jir ,

by t ;i• :.111x

tnhle Inr.• 1

Ot. flcx

c.c:rc-Htrr,H t'r

t costx oil f1.5 I I . ' J

sa3('• Lo ii:;c , COG tern 3 cf nay.t

-I"

oy proW.In't

of ti'mx ny fte. not 5

Y° 11 in Lable
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113711:)c-1 •• ••• T.• -1. •••• ;% • . " bet-b1 t t; '

:e 19 (t rd••.;)

	

2 _

19 b(t 1:0;‘, 1970

Saltn : t o 1133" vrerp 18 19 31 12 18
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. ( 352.

	

11 7 7Pay 1 t y 111.C.11111.L11 2(12 
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:iii. i
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7t-11 9 titi 763

Dbietrcihtti a9 )
61.5

(( C'''''.):13}

	

/.0 81

'13-dt• i b), p-2.•t"..Tb1: 1.2 -15

	

253 15


t ri 11 be 11; tt the ert tit,ab i , y 1.(1

'•d 10 (I: srcc.:21. , "2[0,

n; : : 1;c:yif 111.• t ,'•• • •• •LI

(1[(t Gt

yt 111(y, [;t1t1 twi j 11H Lb, ?111 ruyal y rsefdpls

/- V2.C'",r) mws [1r.

c•a. ''' '

.0'.•[ t '• • .s•I:

JIU ecid (12 's; ;•,.,-(ari 'Ina ard I [Irs wa
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