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nd very minor amounts OF numsrous .

This repearch vill Geal enly vith an investigation of the momasite » tircon,
ilnénite, and magnetite, - - o te

The sands roughly divides itself into fwo greups depending on specific
gravity and grain sise, In ome group are the minerals of commercial velme
plus the garnet, This group has the higher specific gravity end, with the
sxception of some of the garnet, magnetite, and ilmentite, generally the sma

gredn sise, This division suggests the possible use of classification, tabld &

It ves found that, ww; the ‘emipptiaw of quartz, all of ths minerels would
float with oleic or other fadty acids without comditioning, thus giving a tmlk
concentrate, To further separate the heavy minerals by flotatien would require

& complex ﬁfgmﬁ a1 :

Aoombmtm of y gravity methods, and mgmtiq separation
proved successful, The pregent work is confirned almest entirely to an inves-
tigation of those methods, | « ‘ S

~ No psrticular amcuw wes exporienced in regulating a magnetic field %
vhich would separate and sxtract megnetite, ilmenite, garnet, and monasite
The zircon remained with the quarts and other men-magnetic meterdal, - |

A% the time of this investigation only one company was stoc] iling heavy
- mineral jig concentrates, The experimental materisl was obtained from :
dredging operations in the Boise Basin, Boise Coun ty, Idaho., Some work of a
check nature was done on ‘8luice box sands from sevaral other Iocalities,

The various samples investigated were collected by W,W, Staley, during the
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*  Profesasor of M 3 Eehcml of ﬁinaa, ammuy of IjMQ~, Moscow, Iﬁgha.
#* Rasearch Fellow, Idaho Bureau of Mines and Geo! ogy, Maunw,ﬁl‘m,
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' The first monasite eg‘ commercial 4
in m Mtod sum, amg , ton
o mrymswtwmem .sluieabm&nmmmbma, whiehpwmu -

;m,made a 20 to 60 por cent momazite concentrate, This concentrate was then dried
T e & otherill megnetic seperator, With theso machines it was

. possible to praﬁms a 92 per coat mopezito concemtrate, Of the othor mirerals

present, only gold was recovered. Because of & drop in ths price of monazite,

~and also because these daym te ecm not sompots with the newly éeveﬂ;upad
Brazilian scurces, produstion in North Garol&m camed in 1906

In 1909, the cmemnje Mining and Milling Company, Centerville, Idaho,
 tuilt a plant for the concentration of monezite sands,(2,3). This plant made

'.. & very favorable showing in the preliminary work, Hmvar, before the pland

~ cowld go into production, it wes destroyed by firs, and has never been rebuilt, -

‘A plant for the treatmeht of heavy sands is being constructed at MeCall,
Idaho, by Rare Earth's Incorporated, It is their intention to preducs monazite,
zircon, and gamet concent tee.

 Appreciation is due Mm Fred Baumhoff , of Baumhoff and Marshall, for
furnishing the jig concentrates from the Boise Besing also, gmtiwda to the
many individuals who sent in small samplos and have evidenced a keen interest-
in the dewvclopment of the monagzite bearing sands of Tdgho, My, G, Re Kurtmk .
Chemist, Idaho Bureau of mne-s and Geology, mahe the chemical analyses.

The pro}ect as & whole | ma sponsorod by the Idaho Bureau of Minea and
,Gaclog, A4 W, Fahrenwald, I}ireater. :

: The minerals cormnonly cmcuring in black send are shmm in Tablo I. ('-’»)
Many of these are only of pdssing interest.

, By the usual processes’ a;f disintegratian and orosion the mdmrals have -
been liborated from the granite, pogmatite dikes, gneiss, or gchist parent
rock, Because of their rat&er high specific gravity and insolubility they are
readily concentrsted, along with gold, on bed rock., (For further information
on the Geology of Idsho Mcnézi’ce geo reforences 5, 65 7, 8, 9, 10, 11,)
Camera lucida drawings of t&ree of the minemls are shown in éigurs I (12).

The principal use of garnet is as an abrasive,
| ~ IDMENITE (13)

The titanium content of ilmenite is used in meking welding rod eoamg, y i

ceramics, alloys, and carb:lde, with the bulk used in peint pigments,

2
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ZTE (14)
Monagite was origimlw desired becsuse of the thorium content which wes

used in the manufacture mp mentles, mem&orthmiamin
nmaking radio tubcs ituent in specisl opticel lonses, and as a high
temporature retrac%cm f‘. ¢ point 5000 dogrecs Fahrenheit,)

The mixod rare-carth oxides and fluorides are used as core material in
searchlight and projoctor arc corbone, A cerium-iron alloy is used to make
clgarette lighter flints., Chlorides and acetates of the rare-sarths are used
for watorproofing and as fungicides in the toxtile industry. The oxalate is
used medicinally to prevent nausca and asasiekmas.

Cerium is used in alloys, and tha oxide is used as a calaring agent in
ceramic glasses; An important use is as a polishing agent for lenses and
prisms, The main advantago of corium oxide is the great speed with which it
polishes,

Lanthamm is the base otf & new type pho’oographic lens tha‘b contains a
considerable quantity of the oxides of tho rare oarth glements, This glass
has a very high density, a high indcx of rofractiom, and a low disporsion,
making possible improved color correction and curved surfacos with a larger
radius,;

Neodymium is used chierly in the glass industry to produce certain eolors
and to neutralize others,

ZIRCON (13)
Zircon is used in the menufacture of electrical and chemical porcelains,

metals and alloys, high ‘oampprature refractorios, glass, pottery glazos, anﬁ
vitreous enamelss

_GARNET (13)
Approximately sixty dollars per tong
ILMENITE (15)

Eighteen to twenty dollars por ton for a concentrate contpining 45 per
cent titanium oxide, ,

MONAZITE (12)

One hundred and thirty to one hundred and seventy dollars per metric ton '
(2205 1bs.) The concontrate must contain a minimum of 95 per cent monasite’y S
The rare earth oxido plus thorium oxide content must be at least 65 per cent, .

" with a maximum of 3 per cent titanium oxide,

If the 65 per cent requﬁ,rement can be met, there is some indication that
the purchasers of mopazite will accopt loss than a 95 per cont grade, Idaho
monazite material could thus drop to about a 92 per cent concentrate,




 Siwky-five to sevendpefive 401) 3 per tan for e mm mt&m
60 per cont sirconium oxide, |

In 1945 the ilmenite wmtm in tha mum smm vas 308,516 tens,
while that produced else o Approxime 3& 90 per cent of
tho :exeiga pra&mtien was rm m,

aince tm of 1906 in Rwﬁt Garolina, In 1945 i
;.h'azil. 43‘7 'eem. o -

| In the United Statoes | mroductien reached 16,000
mam m of $ho amsfe;e troduotion vas frem !

the phnar "districts ‘a! 'I&aho‘.” |

After the omaminstion :t‘ these wvaricus satids, it was decided to devote
most of the exporimental k to the jig concantrate from the M@ﬁ md
Marsball oporation in the Boise Besin, This ediiple was sslected for study
because it i more or less representative of Idaho blatk sand deposits, end it
ceme from the only distri@t in which suﬂicienﬁ qumtities of the mﬂs were
‘available foy the test wor Cy

A samplo from Ruby Ph ers in the Wmmen arcs cohteined & lerger Wm age

of menaszits than the gemeral run of nmples. 2% also contained a small .

of piwnabar, A sample from the Tyoe Mining Company, near Elk City, ‘aifored
in mt 1t appeared to emtain low monazite and high ilmenitey

The Boise Basin grml :La said to contain approximately ¢
Anevaly per wﬂ of gravel, Table 2 shows a m scopie analysis of
Aa pagque minerel remained in the mmm
i Agd &m not attyacted by & powerfy his
gg: g’bian aaamd titan:!m mm, the apm mm was considered

TULILO, -

e Ia w&w té determine the percent of magnatite M 1‘5 menite in °
ﬂw Mmu m*a gmmdﬁby f»he uge of an olediranagnet and the

cont




The following is an analysis of a sample of pure monazite, from the Boisc
Basin as compared with a samplec of Indian monazite:

Boisc Basin India

Thorium Oxide 2.2 8.1
Cerium Oxide 31.7 30,6
Lanthanum, Neodymium, Prascodymium,

Samarium, Europium, Gadolinium,

Terbium, Yttrium, and othor rare

carth Oxides ‘ 35.1 3142
Silicon Oxide 0.6 2ol
Calcium, Alumimm, and Iron Oxidos 1.6 1.0
Phosphorous pentoxide B . 26,7 26;2A
Titanium Oxide 0.6
Zirconium Oxide 0,7

A question which arose carly in the investigation was that of deciding
upon a rapid and suitable method of control analysis. Previous investigation
had indicated that only a very small amount of apatite occurred in the black
sands of widely scattercd dcposits.(12) Staley found that the determination of
P205 (phosphorous pentoxide)would be sufficicnt for gonoral experimental control,
His cxamination of a number of samples of monazite further indicated, that for
practical purposcss, the per ccnt of monazite in a samplc could bec obtained hy
multiplying the P205 percentage by the factor 3,60,

To reduce the numbar of rather tedious chemical analysos a comparison
botween chemical analysis and microscopic grain counts was made. The results
were sufficiently close that the data given in tables 2, 4, 6, 7, 8, and 9
were found by grain counts,

SCREEN ANMALVSTS AND ASSAY OF THE VARIQUS

i~ s

SCREEN SIZES

’

The results of a screcn analysis of the sample from the Boise Basin is
given in Table 3, By treating a samplc with tetrabromethane (sp, gr. 2.9) a
scparation of the quartz from the heavier minerals is obtained. The results arc
shown in Tables 4, 4a, and 5, From this treatment 15 per cont of the matorial
(quartz)was removed in the float nroduct, The minus 35 mcsh contains 86,3
per cent of the monazite averaging 5.4 per cont P05, This is equivalent to
19,4 per cent monazite. The original sample from the dredge ran 2,4 per cent
P205 or 8,6 per cont monazite,

HINDERED SETTLING PRECEDED BY SCREENING

The plus 14, 14/20, 20/28, 28/35, 35/48, 48/65, 65/100, and minus 100 mcsh



mﬁmo!tmm%m;” ‘ W;&amm
, 8 conoe ,_-w,‘m&msmﬁm%fwm@ mm@mm

cont, It is aatimtod thet a 75 to &5 oant racwary with 8 75 per ccnt
‘gradeormzitawbam by olagsif] mﬂ;mamaim. ' :

The Jiguaaﬂinthefts m&mt&ﬂmamtmnadelofmembw
Siﬂve, di&mm W‘ «"“4‘ Lgned W &b W M@mua :

aamplewaawad.masigmuettormwmmhqmrtz G
as poasible wﬁ;h a minimm of other minerals, After the first operation the Y
woncentrate was recleancd, &ble 9 givos the final d&ta from using jig.

The equipmont used in the aleetrmgnotie study was built in the Univsrsity 3
machine shop, A preliminary attompt at magnotle soperation was made with a
~amal} Uwshaped magnet hawing obout 800 turns of IB-gauge ineulatod copper wire,
Becguse this gof-up lacked sufﬁ‘ieimt stréag’bh, a now magnet wes constructed.

The ‘apparatus fina.lly d@valcpad is shown in Pigure 3, It eensista of a
Uwshaped magnot with a 1 5/8 by 1 5/8 inch soft steel core, The pole picces
are attached by moans of aerdpua. Tho coil of tho magnot contained 2000 tuwrns
‘of 16~gaugo insulatod copper wire, Curront was supplled by six 2~volt storage.
battorics comnoctod in serips with a rosistance coll so that tho dosired
current could bo passed, VWhen passing 15 amperos through the coll it waes

~ possible to dovolop 30,000 smporc twms, Ordinarily the coil would safoly o
carry 8 amperes  without overt cating, bt by using the mgtxa‘t at short intgrvals, '
it was possible to pass 1% ampo -

The matorial to ba sepm*amd was piaaed in e 4-by-12 inch aluminum pan,
‘The current was then turncd on by moans of a foot switch, and: the matoriel
passed betwoon tho polos of the magnot, Tho fraction plcked up by the ve.riows
- ourront ratings was thon dropped ot the othor ond of the pan by roloasing
- foot switch and outting of.‘i‘ cupront. This proccss was ropoated until tha
. dosired separation was made, In all separations the concontrato was raci@aneﬁ
to be sure that there was no ontra.mt of nmwmagne’&ic pwtwilea.

. With the assistanco of t Departmont of Physics, a am*ies of taatt Wore
made to determino the strength of tho magnotic fiold botwsen tho poles for :
various curronts, Thesc tosts shownd that the ficld strongth inorcagsed dirootdy
~ with the mamatimtg current up to 15 amperce, This indicoted that the core :
~ had not boooms saturated at t‘ha maximm amporege used, and mt the apacdty
e ofﬁxamamgrsatertmmwwwyofthec@u. ‘The ‘magnot produ
R unifom field across tho wjrdtb of the polo and gave very sat:

All the data roported :{.n the following discussion were ab’ba,ined with the

- above doscribed arrangoment, Somg of tho data obtained by tho small maghot

“*  used in tho carlior oxpa ts have not been roeordod beaaum ‘thoso data were
- duplicatod with tho laygor gmt.
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v Crushing of the sands was not nccossary bocause the largost particlos were
only Ummosh in sizo, Afbor a nupbor of trials at magnotic separation on verious
slove sizos, it was found that tho most offootivo Boparation sould be mado by
scraening the sands into tho following sizos: plus 20-mosh, 20/35, and minus
35-mosh, Tho 2seay of the various stroem sizos is show in Table 10,

As is shown in Table 10, tho plus 20-mosh fraction contains no monazito,
154 per cont of tho total sireon, and 11,2 por cent of the total titanium ‘
oxido. Tho 20/35 mosh 2and contains only 3,6 por cent of tho mongzite, It
doos, howevor, contain 60,1 por cant of tho titanium oxido and 42,2 por cont
of the sircon, From a commorcial Vlowpoint, tho minus 35-mosh has tho groatost
valuo; 1t containa 9644 por cent of the momazito and 424 por cont of tho
gireon, ‘ ‘

The black aand'aample &és olectromagnotically soparatod gecording to the
above siove sizos, Tho current usod and tho assaye of cach product are shown
in Table 11, - ' ' _

_ The strongly magnotic fraction was omushod to minus é5-mosh and minus
100-mesh and magnetically scparated in an offort to liboratc tho titanium
oxidas Howovor thoso attompts wore unsuccessful, Prom the rasults obtained
it appoared that the titanium oxide was combirned with the magnotito and that
the minoral oxisted as titaniferous magnotito,

The fraction magnotic at 4 amporos contains ovor 82 por cont of tho total
titanium oxide content of the sarplos This fraction is almost puro ilmonite
with a vory small amount of garnot, Tho groatost concontration of tho titanium
oxide is in tho 20/35-mosh sizo, whore over 62 per cont of the titanium oxide
oocurs, All tho soraen sizos in tho fraction that is magnotic at 4 amporcs
have an average of 41 por cont titanium axide, It was oxpoctod that the
grade of the 1lmenito could bo raisod by crushing the matcrial. One sample
was roduced to minus 65-mosh and anothor samplo to minus 100~mosh, and subjected
to tho magnet, By thia process the grado was ralsed from 41 to 42 por cont,
But this was due only to liberation of a small amount of silica that was in the
ilmeni'bo. . S

Approximately 99 por cont of the garmot ocours in the fraction that is
magnotic at 7 amporos, This sample also containg 8 por cont of the total
titanium oxide, The ilmonite in this fraction is impure and has approximatoly
the samo magnotic susceptibility as the garnct which contains an avorago of

- 17.8 por cont iron,

: ‘ ontains
The plus 20=mosh nonmagnotic fraction at 7 ampcres/pll.V per cont of the
total zirecon, , ' ‘ !

~ After a mumbor of trial scparations it was found possible to remove the

menazite by applying 15 amporos, Tho 20/35-mosh samplc that is magnotic at
15 amporos containe 3.6 por cent of the menazito, and in addition contains
othor impuritios such as garnot and vory impure workly magnotic ilmenite,

Tho minus 35-mosh sample troated at 15 amperos contained 96.4 por cont of
the monazite. The rosulting concontrate ran 9546 por cont monazito el por
cont garnct, and 2,2 por cont opaquo minaru;,, This samplo assays 25.3 poy cont

7




phosph y ¢
oxide, Includod with the

Tho nonmagnotic freetion

mosh whon combinod conta
per eo
was ground in closad cireult
deslimed, In the desliming

slimas contained logs than 1

Tho deslimed sands wore
per ton of oleie acld for 15
doprossion of quartz and apa
-consistoney for flotatien wa
the usa of 0,09 pounds por

o carth is 2,24 pop cont thorium oxides

inod
nt opaque mincrals, anh

{,

phorous poutouidoy’ﬁﬁfgaﬁer cont rare oarth omidos and 0,64 por cent ti

¢

from tho plus 20, tho 20/35, and tho minus 35«
59,2 por cont zircon, 9.2 per cont quarts, 2.1
29.6 por cont of silicato minorals., This sample
in the ball mill to ninus 65-mosh and thoroughly
thorc wos o loss of 5 por cont of the matorial, The
per cont of the total zlrcon,

conditionod at 50 por cent solids with 0,3 pounds
minutos, Sulphuric acid for pH rogulation. and
tito was added to givo a pH of 544, Tho pulp

s 25 por cont solids, Frothing was offocted by
on of pine oil, Cloaning of tho roughor concone

tratos was at 15 por eont solids, Aftor rocleaning tho rougher concontrate

fivo timos, a final cencentra

with a rocovory of 85,
of this test,

A 2000=~grom sample was |

concontrate produced was froe of guartz,

quartz, and 42 por cent hoaw

to was obtainod containing 87.1 por cent zircon

4 por jcont of tha total gircon, Table 12 shows tho rosulte

paascd ovor a 12«by-30 inch Wilfloy table, The
Tho middling containod 58 par cent

minorals, This middling was rotablod and the

products combined with the first operation. Table 6 gives tho resuli,

\ A 3000-gram ssmplc was
dimonsions aro shown in Figy
to give a hindered sottling
onod off, The romainder of

romaining hcavy minorals. In
an cxccss of tho heavy minora
products arc shown in Table 7

scparation wore tablode Tab
concontrato and tailings for

troatod in a hindoyod sotiling tubo., The gonoral

o 2, Tho amount of water in the tubc was mgulatod

condition, The quarts rosc to tho top and was siph-
the column was a rathor hemogenoous mixturo of tho -
ordor to rcmove as much of the quartz as possiblo,
1s was takon off with the quartz, Tho classifier

. Tho tallinge from tho hindored scttling

lc 8 gives the final rosult aftor combining the

tho two opcrations, ' _

SUMMARY AND CONGLUSTONS

On cxamination of the s
necessary since practic

processcs, By sizing an

ally a
olysis from plus 14 to minus 100-mesh and by chemical

SCREENING

ends it was dciarm&nad'that no grinding would be
11 of tho mincrals had been unlocked by natural

analysis of oach sicve fraction, it was found that 41.1 per cent of the sample

containing about 90 por eccnt

Thus, somc concontration of monazitc can

scrconing,

The sizing analyscs al#o
oceurs in the 20/35-mesh sizo

of tho monazito was in the minus 35-mesh fraction,
bo offoctod by the simple procoss of

indicatod that about 62 por cont of tho ilmenito
fraction,

N
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, Tho Wilfley “tablo tosta showed that, by tabling t.he sands and ro¢leaning
‘the middlings, a 988 por skt rocovery of tho hoavy mincrals ¢mtainﬁag 3
per ocont quarts was possibloy

e

In the hindered qcttnng claseification au of tho quartz was mmmd from
the hoavy minorals, Howovor, tho quarts products still conteincd a high per-
contage of hoavy minorals, This quarts tailing was thon tabled to romove tho

quarts, with tho rosult that a final cengentratc was made containing 95,4 por
cant of the total hoavy minamls with only 0¢2 por cont quarts,

| Iig Teste

The first operation in tho jig was to romovo as much quar'!;z as possiblo
without romoving any of tho Heavy minorals. The hoovy mincral concontrate wes
~thon rocloaned; tho fingl comdntrato contained 94.7 por cont of the tetal hoavy
minerals with 0,2 por cont quarts,

Tho jig tosts produce& tho groatest roeovery of heavy minerals with the
loast quarts contont of any 6! the gravity mothods,

Aftor a mumbor of trials it was detormined that the best magnotic scparation -

could bo made by sising thc sands into plus 20, 20/35, and minys 35-mosh
producta, With cloetromagnotic soparation it was possible to msko an 82 per ,
cont rocovery of tho ilmonito with a grado of about 41 por cont titanium oxide,
Tho principal difficulty cneountored in making a botter rccovery of the 13mmite
was that part of the ilmonitc was impuroc and had approximatoly the same M.z '
suscoptibility as the garnot in tho samplo, At 15 amporoce 94.0 por cent o

monazito was rocovoroed with a grode of 95.6 por cont, |

The nonmagnetic fraction in this soparation ems;!a'baﬁ of gireon, mtile,
~apat1®a s olivine, and quarts, ,

ELOTATION

Tho nonmagnotic fraction from tho oleetromagnotic scparation was ground
in a ball mill and thoroughly deslimod. This produet was conditioned with
olelc acid, and sulphuric neid, ond thon floatod, Tho roughor concontratoc was
recloaned fi timos with tho following resultsz 85 por cant rocovery of t.hc
sircon, with a grade of 87 por cont,

E\I a& @ RIS ;}‘;f

The black sands os rocoived from the drodge jigs comtain about 15 per cent
guarts and 85 per cont hoavy minorals, By mcane of tho famgo&ng oxporimontal
work, commorcially valusbla concontratos of ilmonito, monasitc, and ziroen
wore produced, Om tho basia of a 100 por cont recovory the wmi

ug por ton of
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- tho drodgo Jig concontrato is ilmenite, $16,468; monaxito, $12.41; and zireem,
$0,7; or a total of $29,85, Tho actual valuos rocoyored woro as follows:
{lmenito, $13.68; momaszite, $12.00; and aireon, $067; or a total of $26,35 per
ton of concentrato, This is shown in Teblo 13, | '

With tho risc in prico and tho groator demond for momazite in various .‘
ficlds, tho incentiyo for ite commoreial production should be grestly incrcased,
Up to the prosent timo, tho salo of monazito has dopended to a large oxtont on
‘thorium availablo, Demestie aite could not meot thoe commercial roquirements
bacouso of low thopium contont. Howover, at present tho salo of momasite is
baged on tho total rero earth contont ﬁtus. thorium, and the fonazito doposits
of tho United Statos gonorally are highér 4in rare ocarth contont than the foroign
doposits, c § :

Tho Tdaho placor doposits that have in tho past boon drodgod for thoir
gold valucs, possibly may be roworked for tho gold that was then lost and for
tho monazite, sircon, ilmenite, and garnot contont, . '

Tho most logical systom for soparating tho black sand edmmorcially into
its constituent minorals scoms to be the establishmont of & dontrally losated
concentrating plant, In this way the dredge operators will bo ablo to ship /thoir
Jig concontrates to this plant for procesasing, Tho dredgo oporators using~€iga
should attompt to produce a maximum amount of black sands, By doing this, the
quartz contont will probebly be incroased in tho jig concentratps, Howovery
this may bo discarded by the jige at contral concontreting plants, Tho labora=
tory flowshoot for black sand eoncentration is shown in Figuro 4.

From the proliminary mr%: roportod in this paper, tho indicatod trostmont
for the commercial soparation of the black sands is as follows:

1, Jigs to romove tho quarts, |

2, Wot magnotic soparation to romove tho magnetic matorial,

3. Drying, | | |

4+ Scrooning the sands into throe fractions: plus 20, 20/35, and minus
35-mosh so that the pands may be morc officiontly handled by the
cloctromagnots, ‘ ' ‘ _

5¢ Eldctromagnatic soparation into an ilmgnite concentrate, a residuc of T
impure ilmenite eoncontrato, a rosiduc of impure ilmenite and garnet, T
a monazite concontrgto, and a rosiduc of zircon, rutile, apatito,
olivino, and quarts, ' ' ,

6o Grinding of tho nommagnotic fraction.to minﬁa 65=mash,

1] . o
7. Flotation of zircon from the other minerale by usc of oleic acid and
sulphuric acid, ‘ . ‘

Timo did not permit more than a proliminary invecstigation of the mﬁgﬁetic
propertics of the garnot mincrals, If a markot for garnct can be ostablishod,
no'great difficultics should arisc in producing a garnot consontrato. :

3
¥




&nothor valuablo :a:!.amz which odeurs in nany Idsho piwars ia e.tmahﬂ
It is nommagnotic and vmm oeour wwa ‘the nommagnotic fmtmn.
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LABORATORY FLOWSHEET FOR CONCENTRATION
OF BLACK SANDS

Black Sand Concentr
From Dredge Jigs

ﬂ

Electro-
magnet

L L

.V

limeanite
Removed At 4 Amps

Electro-
magnet
Magnetite L
Removed M‘l
/4 Amp. [
Garnet And

Impure limenite€
Removed At 7 Amp.

Removed At ¢
18 Amp.
6 % of Tota! Monezite

n A 2 . amam 7

Non-Magnetice

[
|

Assay
Zircons 592 %
Quartzs 9.2 %

Other Silicates

v
Removed At 15 Amp.
96.3% of Total Mon-
azite.

Reagents

Oleic Acid 0.3 ib.per ton
Sulphuric Acid 2.4 1b.per ton
Pine O1l 0.09 Ib.per fon
Flotetion |—pTailings
Cell

\\ O
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TABIE T - MINERALS

3 COMMONLY OCCURRING IN THE BLACK SAND

Minerals

 Mingrel “Gomposition TTmportent Sp. Gr, Hardness

Ry Conetituent |

Magnetite Fe30, ‘Iron 542 545645

" Gold Gold vevally  Gold, Silver  15-19  2,5+3

‘ , with silver ; ; ;
TInenite ) Tanice, f:fan "m 3-8
Gernet Various Abrasive Bu2vbhe3  645-T45

Zircon 2rs10, Ziroonium and  4e2~4,9 TS5 ,

, a0

~ Chromite FoC.Crp0y  Chromium, Iron  4,5-4.8 545

| Slpecular Hematite Fop03 ”‘ Iron 4aB543 5.6

- Amglgam (Au,Ag) Hg Gold, Silver, 13-14 3-3.5

- : .Mercurgu- oo

Tyrite el “Iron, SUIPOUE  AeBed T 688

 Monazite (Ge,La;,D:L)FOA’ Thorium, Cerium, l.9~5.3 ' 545.5

Th end othey Rare Earthes ,

— Rare Earths -

~ Rutlle T40, Titanium he2-iy3 6645
Titanite CaT45105  Titanium Bab-B b 5545

- Ginnabar HgS | Mercuxy 8 2-2 /.45

- Cassiterite Sn0qy Tin 7 6-7

‘ Gdrmidmnl "A1203 Abrasive himd sl 9
Columbite (FeMn) (Cb,Ta)p0f  ~mmemmm 5.2-8 6-6.5 "
Tantalite ‘ ; ,
Various Uranium Various Uranium, Heavy Hard

' Radium




- Apatite

TABIE IT - MINERALOGICAL ANALYSIS OF BLACK SAND SAMPIE FROM BOISE BASIN

% Mineral Per  Value of

 Minerel Heed . Heawy ,
‘Sample (a)  Praction (b)  Ton of Gravel Minerals Per

v

Monazite 8.27  9m 0,13 $0.292

Zrcon 1,09 124 00% $0,071
. . . ; o e .

R mm

Ilmenite 55,59 65,61

Ll ) Ea

 Magnetite 11,23 1322 0426 S S03%

Rutile 0,04 0,08 04001

Garnet 822 9,55 - 049

Olivine 0.54 | 0.60 0,012

Quartz 15,12

Total . 100,00 100,00 197 SousT

(a) Head sample indicates a jig concentrate of black sands from the dre&ét. o
(b) All eilica removed by sink-float separation using tetrabromethans,

15

Ton of Originurr‘ ‘ a




11 12
14/20- 7e2 :2 843
20/28 20 20,3 28,6
/35 30,3 303 5849
33/48 23.8 23,8 2.7
48/65 ms 31»;34 9740
65,/100 244 99’.1.’




TABIE IVe-a ~ SCREEN ANALYSIS OF SINK
PRODUCT ‘

rmp

Sereen Weight ' Weight
- . Grams %

+35 2877 6341

- 35 15,5 36.9

17




Screen Welght
Grams % P05
+ 35 59,0 0,6 a'.ssy
35/42 12,9 1,9 0,425
42/i8 10,8 3,8 0.2
48/60 948 6.’7 0156
60/65 45 9:5' | 0;43
65/80 1;2 13le 6.16
80/100 1.2 17,2 e
- 100 14:0 0.%




TABIE VI - RECOVERY OF HEAVY MINERALS BY TABLING

T — —
Product Weight %  Opaque % % % % Recovery -« -
Grams Quartsz Minsrals Garnet Monazite Zircon Apatite & of Heavy
Olivine Minerals

u-uun-—--n-n-nuu-u-uui-n-uu-nu-u-n--n?nn-nﬁ-uuqulnuuuuunuinnnuuuuun-un
Concentrate 1630 3 T35 12 1042 1,3 e 98,8

Tailings ‘ 370 95 4 A l s | e— Trace 1.2

Total 2000

. TABIE VIT - RECOVERY BY HINDERED SETTLING

Product Weight % - % : % % %
Grams  Opaque Quartz Monazite  Garnet = Ziveon
J ' Minerals J ,
Concentrate 2180 77,0 0,5 10,0 11,0 1.5 -
Tailings . 820 46,0 48,0 Trace 6.0 Trace
Total 3000

19




'TABLE VITI - FINAL RECOVIF

Product  Welght %
Grams Opeque

Concentrate 2432 7644

_ Totall 3000

TABIE IX - RECOVERY OF HEAVY MINERALS BY JYGOING

Grams

Product Weight o Ws.%ght Qua;ts Kea.vg bﬁnc

G e e e M . e e MR ot 8 PR

Rougher conc, 3688 T 00 . 100,0

Raom;'#';k B
Hea mm

Mid, cone, 337  .6‘.8 2k 9'71:5 ’

Rougher plus f J
Mid, conc, 3995 7949 0 998

Teals 1005 | 200 75 225




TABIE X - ASSAY OF PRODUCTS APTER SCREENING FOR ELECTROMAGNETIC SEPARATION

Product Weight Weight % ¢ 9 ¢ £ 4 % t 3
| Grams %  Iron Total Ti0; Total P,05 Total Zr0, Total
Iron 110, P20 Zr0;

+20 msh" 13,1 1.1 30,70 1044 25,9 1142 wemm omeee 148 154

2035 Mesh 483 8.3 b SLO 320 601 021 3,6 0.9 42.2

6460 964 1,12 4244

=35 Mesh 406 406 3L2 386 18,2 287

- SR —————— s A O VIO N A1 s 0 S5 5 Ao ¢
| - "

Totel ~ 100,0 100,0 100, 1000 100,0 1200,0
, . . 8 ’ - S »

21




S E R o o

TABLE XI - ASSAY OF THE VARIOUS PRODUCTS'OP ELECTAOMAGNETIC SEPARATION

a

'}%Hnﬁ : | ‘? |

¥

.

Iron

y

’ “‘bzi-

.

. P205 w0

M;am;tiu at 1/4 smp, 0'7.83 -

B

‘Magnetic at 4 amp, 6.29

356

Magnetic at 7 amp, 257 -

11..,5

1646

NMMc atvm. ; 1.&2

20/35 Mesh

Magnetic at 1/4 emp, 475

2 w

‘lhmetin at 4 emp, V'aiq,‘m_ .

3847

 Magnetic at 7 anp., 13,37

—

1643

#

2344

Magnetic at 15 amp,. 2»16

12,7

38

il

Nmatic at 15 amlé,. 0.8'7 |

48

———

i

- 35 Neah

Totel EXN

Magnetic at 1/4 mp, T mah

Megnetic at 4 smp. 17,86 -

Magnetic at 7 amp. 5454

Magnetic at 15 amps 950

Normagnetic at 15 amp. 0,51

Total 40,55




Foed 100,00 59,2 100,0-

Gleémd Concentrate ' 57,9@ 8741 854

1st Cleaner Tails | 534 34,7 2,8

2nd Clesner Talls 467 37,5 28

3rd Cleaner Talls 3,29 403 23

4th Clommer Tails 3468 M. 28

5th Cleaner Tells 1432 3449 048-

Finel Rougher Tails 2380  Tbe 31

CTotal  1000. - 100,0:

TABIE XIII - VALUE FER TON OF MINERALS Wm FROM THE SANDS

Product % Pouni&s  Value , ﬁn&rai
of sand as per ton  per Regovery moww
received = of sand pound’ per emt per ton * m
from dredges from g (mﬁa) *

 Monaite 8.3  T166,0. 80,07 96,3 :e'o $12,00

Imenite  55.6. 112 00 €20

Zireon  Ld. 2 0,035 B854

» {{'gf,a; ’_ S ST 3&,351 Ay




