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INTOODI OTION ANU SI/hIMAOY

On Docember 4, 1970, Itazon kesedrch, Inc. was onpd( ! 0d

A/S Mepon to undertake a minoralarticpil study of a composito sdittpIe pro-

pared from drill core DO11 Irom tho l'en deposit. The prilnary objactive

this study was to determine the quastitative rare earth mincralody with

parlicular emphasis on the distribution of yttrium and europium. Tht

method chosen for the achievement cl this objective was sulective 1e0c11-

ing af the cangue minerals, at a coarse particle size, in order ta dbtain

o quantitative recovery of the rdre oartI1 ininerals so that the rate ydttli

distribution and the natural particlo size range could be cietermised. The

feasibibly of this approach was based on the assumption that yttrion. tmd

europium probably occurred assaciated wIth thc floo-carbonate minerdls.

That the yttrium might occur with toirxditsibt \t•as indicated tha

ol the aptical properties of fmnd tocked synchisite crystals with

yttrasynclusile. Because bastntnisite is rather insaluble in acids, it was

furthor assumed that these fluncarlionate minerals would also be rolatively

insaluble in dcids.

	

Hetare proceedinc with scleetive 1eachnig of the orc, s adooda-

sary to establish the canditions usdor which dolc.m.Ite, the n..11: dnitituent


of the composite, would dissclve completely with the least effect an the

rare earth mincrals. In a sertes of ehonlical dissolution tests using 0 wide

vatiety oryanic acids, diluted tosardI acids, and complexing dpoins,

li Wab that under identteal canditions, 5/ formic acid

100 1 dolomite and only 2-2 S bdstnicisite (/Tadagascar nittelial). was

tilso tlelertmsed that concentraled dissolve only 2. 07. bastacismile

tn the santo tength of time that most stlicatcs and tron oxides wiI1 aintiolve.

t1dsed as these pronusing results, oercolaticn loaches were•m-

tuictad tts minus l'en are. ‘t-r trescence analystat th7

•

•
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insoluble residue showed, however, thot significant amounts of the tdre

earths had dissolved. Yttrium, porticulorly, showed extractions of over

50%.

Physical separations were mode simulldneously with the acid holches

to ascertain the mode of occurrence of yttrium and europium and to orovide

an alternate means of determining the distribution and guantitative rare

earth mineralogy should the acid leach opprooch be unsuccessful. X-roy

fluorescence analyses of the various seporation products revealed thot the

ratio between Ta, Ce, and Y is not conslant. These results aroused the

suspicion that yttrium might not occur ossociated with the fluocarbonotes

after all. The suspicion was strengthened by preliminary electron micro-

probe analyses of polished sections which showed yttrium occurrino with

niobium and, indeed, not in the fluocorbonate minerals. This, of course,

changed the whole aspect of the investigatt on and forced the emphasis 10

be placed on the determination of the mode of occurrence of the yttrimn

since obviously it is necessary to :<now first in which mineral the yttrium

occurs before the guantity of that minerol can be determined. 'fterefore,

another series of mineral separations employing gravity, low and high

intensity mognetic separation, and ilototion, was conducted on a lorger

sample. These separations produced ps,50/, concentrates of the fluo-

carbonate minerals and a fraction in which the yttrium was upgraded from

0.025% in Lhe feed material to 0.19'Xt. Ilowever, because the ore is very

fine grained ond the minerals finely interlocked, none of the minerol

fractions were sufficiently oure to be suitable for quantitative determina-

tion of the rare earth mineralogy. Xeverlholess, certain conclusions con

be drawn from the work so far accomphshed:

Yttrium has at least two modes of occurrence. The first itt

with niobium ds the mineral lzobeito (Y,te,b) (Ti,I\Xo,To)2(C,C106. •ho

• second is in xenotime Y(PC4). 'the :tccurrence of fergusonite (Y1X1)0 is

hri



•
doubtful; the material describeil in Progress ItH“dt .2 is probahly

kobeite. hlectron probe analyses indicate Intif is responsible tur

the majority of the yttrium in the ore. The identifi iion of kobeite is


based an individual X-ray diffraction patterns of two-ininute handpieked

single parlicles which were located by electron probe scanning tiechnigu(

These scans were made on polished sections of the -100 1400 mesh

"yttrium concentrate" containing 0.191 Y.

The two particles which were located and extracted for the dit-

fraction work contained about 107 Y and >107, Xb. Other elements accis ring

in minor te trace amounts were: Sm, Id, Dy, C1d, Ti, cind P. Turaprub was

looked for bbt could not be detected.

The kobeite occurs as essentially isotropic (probahly partially

metamict) yellowish to brown particles. Cenerally it i s finely admixed

with gangue constituents. Sa far koboite 15 known irom very few locali-

ties and apparently is always issociated with grani lic facks.

II1he presence of xenotime •as also determined by X-ray diffrac-

tion of a single particle which analyzed about 25,1 by alectron prebe

analysis.

2. By means of X-ray diffraction studies at pure-appearing , hand-

picked particles from the crude "fluocarbonate" concentrates, (-100 r-1001\1,

bastrbilisite, parisite, manazite, and a synchisito-like mineral were iden-

tified. The X-ray pattern of the latter mineral resershles synchisito except

that one major line is missing and another is very wca. Because u: Llijs

discreuancy, no positive identification has been made. iloweyer, for

lack at a more accurate lena, this mineral will be called "synchisite" 1:1

tid ; report.

In an attempt to separate the bulk fluocarbonate concentrate int

its component minerals for determination of the rarc earch distributien,

•
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crude "synchisite-parisitH1 and "L sti isite n innztrL cemteu dIbt

were produced by heayy babid sebdratioa ur sp. gr. T .05. Oecduot) et

the presonce of much insuparaolu barate, the concentrates wbre taonnetbly

alssolved (iXa2CO3 fusion); the rdre earths separated Irem the tla <ind thb

hulk of the Ba by precipitattun at phl 2 us oxalates; ignited to oxides;

and analyzed by X-ray fluoresciailte. These analyses showe dbubt

toldl rare earths but ne ubropiinit ineither concentrate \Viththe ilote:t-




tion limit af the instrument ut di/OUL 50 ppm, it must be concludea that

the rare earth fluocarbonate minerals ane the monanite have ,1 enropima

content of less than 50 ppm hurthermore, europium was never detected


in any of the numerous rare earib scans performed on the aroducts et bilt

mineral separations. Thus, the ofteurrf ice of the eurepia s uLl Il u h.y•;-


[(hry ..

3. By comparison ol the Y/Xli ratias, it appears thal u siem

amount of the niobium is assuciated wrth yttrium in the maieral hobeibt,

however, since a direct correlation dees not exist, ether inetaunt minetals

must be present. Seme ot the nietautt. rtiy eccur in what atob

fine grained niobiuni-hearint; ruti le. ifyrochlare, which is rupotted )


occur i• the hen depusit, tilthouith it has not been definitely identiftee

in this study: may acceunt fol bome of the niobium also.

1. From consideration of thb everall study, bbt parti larly trum

andlyses of the mineral seHirall a, products and froni micresc st•clies,

IL has become clear that eenponliendi ore dressing metliods optbdino

flatalian, shauld give very poei recoveries and grades of the raie earth

minerbils. The main reasen for tlus is the fine grained naturb ut the ore

minerals which at a particle sofift stutbble fer flutation, are stilt badly

lecdutd. In addition, the mata setace el theuririum is arshably 1 yery

tine grained ltobeite y/hose fibtat.en iaopbrtiits are unknotwi.

•
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The following comparison shows Lhe poor liberation of rare earth

minerals from some of the gangue minerals at different particle sizes:

Sam le




Particle Size Ran e

Rare Earth Content

LaCe

Dolomite-Float @ sp. gr. 3.17




- 35+400 Mesh 0.34 0.67 0.020

Dolomite-Float @ sp. gr. 3.17




-100+400 Mesh 0.17 0.77 0.015

Dolomite-Float @ sp. gr. 3.17




-400M +10 Microns 0.35 0.78 0.022

Celsian Feldspar Floatsp. gr. 3.8 - 35+400 Mesh 3.3 3.6 0.054

Celsian Feldspar Float ci sp. gr. 3.8 -400M +10 Microns 0.51 1.0 0.032

Magnetite Sinksp. gr. 3.17




- 35+400 Mesh 2.2 2.2 0.025

Magnetite Sink @ sp. gr. 3.17




-400M +10 Microns 0.51 0.78 0.032

It was determined microscopically that the rare earth content of these

gangue minerals is primarily due to locked R.E. minerals. Because of this

locking problem, it would be very difficult to establish to what extent the rare

earths might be in substilution for other elements in the gangue minerals.

In view of the overall findings, only a few extractive metallurgical

procnsses present any possibility of successful recovery of the values.

For example, it might be possible by means of selective flocculation to

flocculate and reject dolomite at a very fine partic1e size; or through hydro-

metallurgy, the rare earths could perhaps be selectively dissolved by certain

organic acids or complexing agents. Any such approach would reguire

considerable basic research inasmuch as there is little known about such

processes except in very specific applications.

•
hri
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SliPARATIONS AND ANAINSliS

In Progress PeporI Xo. a flowsheet v..s preserited showinu

the type of mineral neperetion cerried out in orger to iroauce sufficioni

Ornounts of fluocarbonalc minebils for determin.ion cd the rare oertli

contant ena the rare•.ribution in these minerdin. It etas cisc

necessdry to produce an yttrium concentrate for turther analysis. •no

yttrium ana fluocarbondle concentrates were anelyzed by X-rav flue-

rescence. The results are given in Tables 5 drei in the next sectioh

of this report. In to thase analyses, the inoie important genune


mineral products were dIse derilyzed by X-ray fluorcncence In oreer to

see 1he effect of decredso of particle size on libbrdlion of rare earP1

minerals frorp gaggue minerdis.

clrs naa been rooui in provions scprtinns, yttrium •as con-

centratod again to mazimuin of about 0.27 in +4(10 mesh

. gr. >3.8, 0.15 •reps frachon. idiaapso ol the fine grair.

nize of the yttrium mineral, it cuas anticipatea thet nignest concenad


of yttrium would occur in ilui -71110 mesh (38 u)-1 Hi urdepe. This lipwriver ,

was not the case, preleihly becduse of the of making elean

scipmations at such pdrticle si.ze av•n inert tiseci lizeratiod in


cte metals.

Only the yttrium distribution in the varroun mineral seperMion

prodects has been celculateci. These calenlaIrons shoot tecit neerly

ol the yttrium still occurn in inn doiomitb flom pinxincts. yet about 17

occurs in the minus 10-micron stimes. Ine belanoo or the yttriurn is mobi

ot less evenly distributed 1hroughout the other fr,i ini: The prpailcc st

thC'SC are suemeirized ie Tdble 1. Tei. ameoradiens of the fraccioim

isied under "Test Produrt." in ihe table correKponn to designations nnoe

in mo I.Lowshee: mo Proyrr. 1;cpnrt No. o-)tointlicono.•



fractions produced from each sive ange are grouped logether. The com-

plete X-ray Huorescence scans of the dolomite, celsian feldspar, magnetim,

and barite products, as well as the slimes, are given in Tables

These are arrangod in the seguence established in Table 1.

The tables show that every product is infested with rare earths. Th is

poor distribution is due to tho complex locking of ilmost all of the mineral

constituents. This is particularly apparent in the calsiah and magnetita

products. The photomicrographs, l'igures 1 through 5, illustrate this locking

problem.

•

•



Table 1

Distribution of Yttriurn in the Various Mineral Se aration Products


(See flowsheet of Progress Report No. 3)

Test Product


-35 +400 Mesh Products

Weight Woight Assay Content


9 Y

Distribution




Do1omite and Calcite* 625.4 48.85 0.015 0.0938 31.42

Float @ sp. gr. 3.17





Celsian Feldspar 55.9 4.37 0.054 0.0302 10,12

Float @ sp. gr. 3.8





Magnetite-sink 62.3 4.87 0.025 0.0156 5.23

@ sp. gr. 3.17






-35 +400 Mesh Products


of sink @ sp. gr. 3.8






Mag @ 0.25A 1.2 0.09 0.066 0.0008 0.27

Mag @ 0.45A 4.3 0.34 0.21 0.0090 3.02

Mag @ 0.9A 0.9 0.07 0.11 0.0010 0.33

Float@ sp. gr. 4.05






Mag @ 0.9A 0.9 0.07 0.13 0.0012 0.40

Sink @ sp. gr. 4.05






Non-mag @•0.9A 1.2 0.09 0.005 0.0001 0.03

-100 +400 Mesh Products


of sink @ sp. gr. 3.8






Mag @ 0.25A 5.2 0.41 0.055 0.0029 0.97

Mac @ 0.45A 0.9 0.07 0.12 0.0011 0.37

Float @ sp. gr. 4.05






Mag @ 0.45A 0.6 0.05 0.19 0.0011 0.37

Sink @ sp. gr. 4.05






Mag @ 0.9A 0.5 0.04 0.13 0.0007 0.23

Float @ sp. gr. 4.05






Mag @ 0.9A 0.8 0.06 0.091 0.0073 2.44

Sink @ sp. gr. 4.05






Non-mag @ 0.9A 2.9 0.23 0.007 0.0002 0.07

-400 +10uProducts






Dolornite and calcite 356.6 27.86 0.022 0.0785 26.30

Float @ sp. gr. 3.17






Celsian feldspar 2.9 0.23 0.032 0.0009 0.30

Float @ sp. gr. 3.8






Magnetite-sink @

sp. gr.3.17

4.7 0.37 0.032 0.0015 0.50

Sink @ sp. gr. 3.8






Mag @ 0.25A 3.0 0.23 0.035 0.0011 0.37

Mag @ 0.45A 0.7 0.05 0.11 0.0008 0.27

Mag0.9A 0.4 0.03 0.12 0.0005 0.17

Non-mag @ 0.9A 2.5 0.19 0.018 0.0005 0.17

-10 LSlimes 146.3 11.43 0.034 0.0497 16.65

Calculated Head 1280.1 100.0 0.0233 0.2985 100.0

Assayed Head




0.026 0.333




*The +100 Mesh dolornite-calcite product was reground to -100 mesh in order to liberate

more heavy minerals.

•
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Table 2 


Semi uantitative X-ra Fluorescence Ana1 ses of Gan ue Minerals

Dolomite and Calcite
Float 3.17-100 + 400 M

Celsian Fe1dspar

float 3.8-35 + 400 M

Magnetite
Sink 3.17-35 + 400 M

Cu 0.011 Cu 0.010 Cu 0.028

Au 0.009 Zn 0.050 Zn 0.045

Zn 0.026 T1 0.060 Pb 0.024

Pb 0.006 Pb 0.010 Fe 18.0

Fe 4.6 Se 0.007 N1 0.015

Ni 0.006 Fe 4.4 Ba 6.9

Ba 1.8 Ni 0.005 Sr 0.078

Sr 0.28 Ba 12.0 Ti 0.24

T1 0.033 Sr 0.12 Zr 0.022

Th 0.045 Ti 0.48 Th 0.15

Nb 0.024 Th 0.20 Nb 0.11

Mn 1.1 Nb 0.13 Mn 0.36

La 0.17 Mn 0.46 La 2.2

Ce 0.77 La 3.3 Ce 2.2

Pr 0.072 Ce 3.6 Pr 0.22

Nd 0.15 Pr 0.22 Nd 0.63

Y 0.015 Nd 1.0 Sm 0.20




Sm 0.20 Y 0.025




Y 0.054




•

•



Toble 3


Somicoantirative X-rav Fluorosconce Analvsos o1 (:anced  Mnorals





Do1oniito and Colcite Colsian Feldspar Mabinotio
Floar4.17 -400M 410 u Floa1 3.8 -400M -f10 u Sink3.17—10013,i

Cu 0.007




Cu 0.019 Cu0.015

Zn 0.029




Zo 0.082 Zn0.050

Sn 0.004




T1 0.017 Pb0.04R

130 0.019




P0 0.033 Fe35.0

17) 4.5




5.7 Ni0.017

Ni 0.006




Ni 0.011 Ba4.8

Ra 2.8




Pd 3.2 Sr0.043

Sr 0.23




Sr 0.25 Ti0.36

Ti 0.18




Ti 0.20 Zr0.032

TO 0.054




Zr 0.018 TO0.20

N1) 0.036




41) 0.099 Nb0.076

Mo 0.93




NO 0.12 Mo0.15

La 0.35




Mo 0.85 La0,51

Ce 0.78




La 0.51 Ce0.78

Pr 0.072




Co 1.0 Nd0.30

Nd 0.22




Nd 0.26 Y0.037

Sro 0.086




0.032




0.022





•

•
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Table

SerniQuantitative  X-rtny Iluarescance Analyses af  (1,unjua MinerT10

Barite

0.9A-100




Nlicrons

Sink 3./1 Non-nuignetic at

i 400 M -10

Cu 0.006 Cu 0.023

Zn 0.017 Zn 0.013

bo I.3 Sn 0.009

Co 0.007 Pb 0.043

Ni 0.005 Fe 4.8

Ba 37.0 Ni 0.00o

Sr 0.31 Bc1 2 . 8

Mn 0.0IB Sr 0.22




0.007 :111 0.090




Zr 0.010




Th 0.111




NO 0.0B2




L1 0.017




Mn 0.79




La 0.06




Ce 1.3




Pr 0.072




NT 0.37




Sni 0.09/1




Y 0.031

•

•



Head Sample

Polished section showing large grain consisting of an inter-
locked aggregate of carbottates and fluocarbonates (various
shades of grey, general matrix), celsian feldspar (grey, but
showing black relief), iron oxides and pyrite (white).

Plain indident light. Dry objective. 240X

•

Figure 1

hri
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Celsian Feldspar-Float at sp. gr. 3.8


-35 +100 Mesh

PoLished section showing grains consisting of intimately ad-

mixed celsian feldspar, carbonates, fluocarbonates (all various

shades of grey) and Iron oxides (white).

Plain incident light. Dry objective. 85X

Figure 2

hri
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MINLIZA40(11CAI, INVLST1OATION

The mineralogical examit itions oere

the identity of the yttrium mirwrid dnd to furthor delining tho neture at

the fluocarbonato minerals, particuldrly with reripect to their nuropiuni

content. By means of electron inicroprobe enelyses hree ccrt ic± s rich

in yttrium were found in polishod sections propared from the yttrium

"concentrate" containing 0.191, Y (mognetic dt 0. ISA, sink at sp. gr.

4.05, -100 +400 M). Bor a complete X-ray fluor escence sciin at this

sample see Table 5. The first two particies containee dhout 107 Y and

>101 Nb while the thirai particle contained ahnut 25/ Y (Xb was not

measurod). After these particles hdd been locJitria dund marked by the

electron beam, they were carefully extracted drid mounted on a gldss

fiber for X-ray diffraction (powder carbera) identil icdtion. The patterrs

of the tirst two particles corro sconc ta the pottern of Itobette (ASTM 1:-
10

0259) ' One pattern is quito good and the other is poor. The third

partieln gdve an excellent pattern with a virtually pertect mdtch to

xenotime (ASTM 11-254 from Shelike, iTerth ASTm 9-377,

synthetic). Approximately ono-thira of the in the sample pdtterri


do not rndtch xenotime but these dre all weak to entromely weak in

intensity dud should represent inipurities.

l'igures 6, 7, ane 8 Hro photomigrographs of the perticies

analyked with the electron probe drid by X-ray diffraction. Copies of

the X-rdy patterns ohtaineg on knbeite particle 'brd. an the xeriiiin•


particle dre attached in bigure 9. A listing of the nn dsureci ci-spacinns

of these patterns and the kobeite pdrtiole Xo. 1 pdttern is given in

Tdbles n wid 7.

Sihce yttrium and ourppidin•ere origindlly 0:00808— .0 be found

in the Iluocarbonates a "concentbdo" of these nuinoriIs wds made which

•

• 1/ ifutton, .0. , Koheite tiom 11i inge Rivoi , Wostland, Now Zeala nd

Min. 12 342, 1957.
In this article the author dlso s data 011 Jr: onigtral .:(.0}1)0L, roni J



•
was reportecr as "synchisite" concentren larsips port Ne.

complete X-ray fluoicscruhre analysis of "bolatunirate" shewer

251 total rare earths but no euroeinm, lluvenrcr,I was found tiriL ihrite

occurred as a major contarninant in the sampla dn(1 could be a polential

diluent to the ouropion should it be thers. It pher also fousid Tuhr opartel

Progress Report Na. .J) thht this "synciiirrih•" srocestrate

mixture of several fluo unonates and mabilsitir thos mulcing th sinur—




of fhe ouropfum evar nnue nehulons.

Because of these lindings it w(ds t: to proance ri

laruer bulk fluocarbonale cencentrate from wiech bor ilo coule be r om

and the individuai rare earth minerals seearated. The next stop vioni lii

separdte the "syuchisite" (se. gr. 3.9) Irom the lihroor r±is itr

monusite, arie barita bo hoovy Iicuici seehrdlirui ot specific erdyeer

liowover, microscopip examination I tft Iiuo produci siill

revealed significoint wrounts of harito. Itena tal u1 tiorite Ify corni ool

mathods was thor Hstob anirap sreall norticra: uf ti ».: su two heihr.• lir

protlucts. Complexiihr banto with Ihn ITI'A H 21 NaOrd as 70

metathesis with Nd CO (100 rill) were invest several iast

Itoth of these methoan were successful in rhbovpar tiurite but micron, opic

examination showeri iinfrOSC earth nurandln buen severely trs kerir


therefore these rifierounlias Njern abanoonair, byrr,d lattv acad fiototiiio

iests diso failed to ret are eurite snftic: theee

ure unsuccessful h idst r sort was ainnalea 0000 0O

coprecipitate tha rah. 'uit'i for 3r:alysc. As the tW ii


boneentrates worn drbily/of.1 by X-ray fluorerichice priar• to Pissolut

Also, from each bencershillihr portion ol to be Phre hri


earth minerals wds handpicked under the plibras cujii lor X-ray diflholian

stuelos.

•
hri
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1n gcnordl, the analyt procddurc wds as FoHuws:the sampla

was decomposed by 51a CO:3 fusion; tIw Pasion mdlt g r leactudI
2

and 804 dnd soluble P 0 woredetertuincet on thd littrdtdu. The ctultuhdto
2 5

residue wds digosted and fumed with lICIO4 and diluted volume. After

adjusting dn dl:guot to u1-1 2, thc rard cdrths woc procigitated as oudIdtc..

The oxatdtcs wore ignited to oxides tind then andlysdd by X-rdy fluorer:otnec.

Aliguots word dsa tdtcon for determindtion of tho Hdldnod 44 the P 0 tind
2 5

for Ca.

Tlut results of

from thom for the two

these dndlyses dr.d the mineral compasition

crude concentrdtcs are:

Ftoat Product dt sp. gr,1.05

cdluuldtcd

1 0li703 30.7 (1/t Ulhoudrhendtes 62.1

SO1 11.7 2:harite 27.3

76P20r 3.12 T-/:Mouasitd 10.3

Cd0 6.85 Orclonch to fluocarbonctar)




Sink Pioduct tit sp.cr.1.05




7 PL 0 37.8 ": Fluem rbonatos 30.4
43





3() 18.5 X Bm itc 44».1

P205 7.45 rtroMoudzite 24.8

Cd0 3.14 (464ungs to fluocarldchutcs)

Thc dhovc calcul.ations do not include atiun i.nipunities such as iran

oxides. Thd haritc dctermindtions aro brised an SO1 1ssdys rather thau ha

dssays hittorasc at uctsiar fcldspdr is undoabtddly urcsent ti.trtt

Uaat fractum. Thc Luocarbond:e valuds Were by differcnhc


ditter thc Huatd dnd monazitc wiluds wcrd establisitcd.20 c(rmd:

DC

	 3

nsott ta utUortlato the fluocalTunatc wttnes hcoosd tdo prescr• el

•
hi i



mondzifo. Tho nionezito con;ents wore ceIcteTtod Irom tho I 0

dssunehr: a 30.21/ P25 contert in puro mohavec.

Tho X-rdy fluorosconce scans on tho cru(fc flott (111 11(:(1-

	

givon ir Tfbio 8. The afelfssis of tho rfra ufrel ofd orncip-

itato gtvor in Tablo 9. In Table 10 tho calonlahei conhef ( iStrib0 10):1


of tho rato odrths in tho 11.f. rninorals occurfinu in ti» lloat iitH sink products

is given. The lattor valuos aro based or. fho dnelyse, iii tho II» eer:h U:".162

precipit,do after edjusting for the berite orly, which wan (lotormenx1 by

chomicel

From 'fahlo cio be scon tnat Surf rdrc rtf nonarals in tho

fLoat profnct contain 0.2uf Y ene in th0 sifne procu el ThIs


avor, dooe no: rfoof; tnft this emourf of yetriunt Is naconefrir Crunicflly

assochltoel with LUIL f̀lhocarbonatos ene/or monazito. was (icato.1 in


Prouress Poport No. 2, tho y1`.rium minorel concontratos elone yuirP th-

fluocarhonato minorfls to corfain extent Tho tablos elsc nhow that

curopnen tron. Lif; two concentrahuf With•ction fine;

about oonclue :hat Oeo europSef ceneff.

less than bn ppm.

N-rey WHTIfic 'd s wero stnJo of arPoi

fluocarPonfto orynTfls which •ern handpicefocr frorn titt  1(fe eeH SInr:

products holoro thoy werc dissolved for assay. IJsH e spocifl samplo

Hoperdtiou ;,,conflcup, possiffie to ohten s wen


eiffractomotor. Thoso pettorns shoyeee thdt tho float irte pot 0(LlsiStn

or imar:17 of Hey perisito, oaretf, frfenon pfsH iT2

Oro:.iuct of C`ds:LW-ztL9, ono

minor amounts ol synchicito and perisite Tho facf thof

appeartni homuonnous urfIer the microscopn are the nefroals

specific Tevity such as HastnZsito are prosont in lit lloat , whilo thona

•

•
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of lo• specific gravity nuch synchisite, arii m the sin1K cabis

how 1ntimate07 thesa siinerals are istergrin.on vath aoch ohnir .

The "synchisitn" nattorn raseinbles the dublislied

pattern (ASTM , Proda2zo, excent for the alisonce of

50 R.I. line and the laintness of one of the 100 0.1. lines. T10s makes

the identificotion as synchisite uncertain. For comporison, pattern ol

the "synchisite" crystals desirinated "No. 1 bastnhsite grunu minorals"
1/

(from A/S Megon)--- , isas (liso run. This pattern also corresponas with

the published synchisite pattern except for the absence of the san.: 50 It.1.

hne and the low intensity of the 100 0.1. line.

Photomicroiiraphs ol the flodt and sink products .10, slx r xn in

Figures 10 ana 11 to illustrate the type of material used fof all of thes

daterminotions. Tho threo aescribad X-ray patterns 00i11 dc louna in a

pockat in lhe back of this raport.

During the oxomi . nation of polished sections a tonl,nivo nionti-

fication of a very fine (Rained rutile has been made. The Hoonish internal

reflections of this ruNle thdt it miuht be Nb bearing. l'Hian 17

is a uhatomtcmaqrwh at this rulile.

1/ This in tho sample reLH  PD(i from Mr, 0. Braaten Ourinu hi:
to 017011 lns smell in ictoher 1970. 


•
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Yttrium "Concentrate"

Magnetic at 0.45 amps. Sink at sp. gr. 4.05


-100 +400 Mesh

Crushed fragments of kobeite particle No. 2 (yellowish-isotropic)
with admixed carbonates (white). This particle was also located
with the electron probe and then identified by x-ray diffraction.
The pattern obtained corresponds well with the published pattern
for kobeite. After completion of the x-ray diffraction pattern the
single particle was crushed and examined by transmitted polar-
ized light techniques, which showed that the mineral is essen-
tially isotropic, probably because of metamictization.

Polarized, transmitted light. 145X

Figure 7

•

(hri)
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HYttrism Concentrate"


Nipgrodt•o 9t 0.45 .imps. Sink at 4.05 sp. gr.


- 100 +400 Mesh

Xanotirca sartici5 (oecter) Located by electron proca snalysis.
This particla which corddihod aboot 257)Y, was shds )quantly
identified giffraction. Tha pattarh .dstost dartactly

matches tho sablisbda csoptirgo cJtterns (.7.5lia7.111-1154 dhs:
ASTM 9-377). Ta Oara Csics sorrounginc dia +s)rci

producad with thaolaotron ;)earn so tho pdrticle couiP ho loodted
under a low powar ncicrosc000 and romove0 tor Oitiraction.

111 Plain incident 2)05:

higure 8


hri
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X-rey eiffraction patterns

obtaisea -ss kobeite particlo

). (rteht photo) drur

tlaie (left phote). The

heheite rus with a


reeular 114 .6 rara powded

caraera, usish TV.1filtered

Cu ha rsui.ation, while the

xenollfte pdrtic10 vbis rus

with s 100 n.m caniera.

The airs chstancos


ware stlitiphed by o tacz

of 1. r-ed- hecidee 10


ciegroos 29 •nd thoit te

d-spdeirtes. et the


lises tesihle in the soea-

tive ciici sat repreduce

the euton cepihs.

tho hteasurod

ep Ichous ond rolahee

isteus.srat•;fteltned from

th,sso eluen 11

haples OL 7.

•
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9.9 amps. HOHt sp. .

-- 1w i :siash

Tho voI{osJsL nticies re primarily systossh:

with ininot bast .I;site and monazne. Tsass-

intorcrown •,sch othsr since üIl of thr

Jy pattoto of seerningly paro sanaais


(ibovs proshiot. Tha satapla rs also costat :

liorito (i':Sito) :ros oyisies rplock hraso


ObItcpso stalset2:

i I '



site-Mcs ../Hts COncsGtin

Nish  .».9 sn.

(yellnv:ish hhen :}-s» siTsy

[Hure 10 00:0 FJt3 Sifl1j)i(2.

Oblique ret_L 5(.0:

•

•
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Heed ScLmplc

Folished saction snowine Nb-ruLile (vhite, untivcIv iiinteH
fied) and kopeilf2 (medium grey) Hdmiteto c rnon.o

(cloudy bLiceeround). The paystbin eurcfronce
significent sioco it would cocetribetot
The reesor foo thc indistinc: becjtc;rofr.: -
sion ti-Le lutc ittfl?ctine minerties Licn:

Plain irieiHert hent. Ctl imrreffsior L6OL.:

Fignre LLL
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Table 5


SemicuLntitative X-ray Munrescence Scan
nf "Yttrium Concnntrntn"

Zn 0.0 18

T1 0.061

Sn 0.006

Pb 0.049

Fe 3.0

Ni 0.006

Ba 6.2

Sr 0.12

Ti 0.84

Zr 0.021

Th 0.27

Nb 1.3

Mn 0.30

La 6.9

Ce 10.0

Pr I.2

Na 1.9

Sm 0.20




Cd




0.19

*Mngnetic il 0.45 amps. Sink L1 sp. cr. 4.05.
SLmple usad for identificmdien el yttriern mineral.

•
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Tdble 0


Listinc of d-S acines Obttlined for Kobeite 


Kobeito (I'on b)oposit) Kobeito (Von Deposit) Kobeite

P0rticle No. 1 PertinIe No. 2 ASTM 11-20)

61 (.?--) I/IL d (Å) I/I i

10.1 Spot?

5.84 EW

4.69 W
4.19 MW 4.15 100

3.77 EW 3.75 20
3.55 5

3.34 EMN? 3.31 20

3.12 M-MW 3.10 lb

3.01 MW
3.0 4 il:w?? 2.90 15

2.48 EW?? 2.00 5

1.90 EW??

1.88 IIW??

IVI Medium
W WeLk

EW Extieniely we.6c.




d(.!,)

4.50 20

4.16 100

3.74 b0
3.50 20
3.35 20

3.13 e0

2.55 20

2.18 20
7.10 20



•
Tablo 7

Listinc ofacin )5 Obtdined for Xonotirno

Xonctimo (fon I)oposit)Xenotirno
Pdrticlo No. 3ASTM 11-0254*

d (7..)1/1I (0.)I/I

Xonotinto
ASTM 9-377**
clI/Il

10.1 Spots
4.61 EW? 4.55 25 1.51 25
3.74 11W
3.12 S 3.45 100 3.11 100
3.29 W
IL 11 MW
7 .92 W
2.07 MS (spotty) 2.75 9 2.71 9
2.55 MS 2.56 50 2.5b 60
2.43 W 2.44 1 ) 2.13 20
2.19 rivv (spot) 2.27 2.27 9

2.11 W 2.15 25 2.11 25
2.03 III1W (spot)

	

1.92 9 1.9 1 -.1
1.61 IIW 1.02 13 i .62 17

1.702 1111W(spot)
1.761 M 1.77 50 I .76 15

	

1.73 10 I,./.7. 17
1.541 MW 1.54 9 I .51 11
1.169 IIIIW? (spo0
1.127 VW 1.13 9 I .120 3
1.390 IIIIW? (spot)
1.373 IIW 1.30 7 I .379 11
1.334 IIW 1.35 5 I .312 7
1.281 vv 1.203 9 I .200 11
1.231 VW 1,235 9 I .232 11
I..096 11W
1.075 IIW

Strong * Xonotimo Sholby, North Carolina
M Modium ** Sy0lhotic XonotiTno
W Wodk
VW - Voiy wodk.
nW lIxtrdr0oly w0,112,

bri
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10.1ble 8


Semiquantitatiye X-rdy hluerescence Andlyses of

Crude Rare Etrth Mineral Concentrd:90




Eloat at Sp Gr. 4.05 Sink at Sp.Lr. 1.05

Zn 0.051 Zn 0.011

T1 0.022 Pb 0.022

Sn 0.000 Fe 0.91

Fe 0.77 Ni 0.000

Ni 0.007 Ba 16.0

Ba 15.0 Sr 0.13

Sr 0.12 Ti 0.011

Ti 0.75 Th 0.32

Th 0.29 Nb 0.13

Nb 0.14 U 0.016

U 0.012 Mn 0.050

Mn 0.10 La 11.0

La 0.9 Ce 12.0

Ce 10.0 Pr 1.9

Pr 1.0 1NO 2.8

Nd 2.5 Sm 0.11

Sm 0.110 Cd 1).12

Cd 0.21 Y 0.1I

Y 0.11 




•

•
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Table 9

Semiquantitative X-ray Fluorescence Analyses of
Rare Earth Oxalate-Oxide Preci itates

Obtained from dissolution of crude R.E. mineral
concentrates.

Float at Sp. Gr. 4.05 Sink at Sp. Gr. 4.05

La 25.0 La 25.0
Ce 41.0 Ce 39.0
Pr 3.2 Pr 3.9
Nd 12.0 Nd 10.0
Sm 0.89 Sm 0.68
Gd 0.44 Gd 0.44
Dy 0.11 Dy 0.11
Er 0.062 Er 0.094
Yb 0.079 Yb 0.053
Y 0.69 Y 0.50
Ba* 3.3 Ba* 4.8
Th 0.76 Sr 0.010




Th 0.92

*Some Ba was coprecipitated as the oxalate. Be-
cause of the re1atively small amount no attempt
was made to remove the Ba entirely by reprecipi-
tation.

hri



Table 10


Rare Earth Content Distribution ja R.E. Minspds

Values ca1culated fmm 4nalyses rare earth osalate-
oxide precipitates less 0a304 basis.

Eloat at S

,a




.4.05 Sink at Sa. Cr. 4.05




La 9.4 La 17.2

Ce 15.4 Ce 26.7

Pr 1.2 Pr 2.7

Na 4.5 Nd O. 9

Sm 0 .33 Sm 0.47 


Gd 0.17 Gd 0.30

Dy 0.040 Dy 0.070

Er 0.023 Er 0.064

Yb 0.030 ana 0.036

`7
1 0.26




i4.34

Ori
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