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The principal obgectlve of the Unlted Nat1ons Speclal Fund m/

project Mlneral and Groundwater Surveyy Somall Republlc, 1s the search
\

for mlneral dep081ts of potentlal economic value° -As a result of

geologlcal and geophysical SUrveys carrled out from 1964 to . 1967 in the -

Bur reglon of southern. Somalla, a deposxt of mlnerals contarnlng thorlum,

uranlum, ‘and - the rare earths yttrlum, ytterblum and scandlum was dism

- ! ° ' v

covered at Alio Ghelle. _ IR S ..

. . '
b »

Exploratory drilllng,,surveying and samplé'testlng is belng
contlnued by the progect team and in speclallsed laboratorles 1n order

- to establlsh the  ex tent of reserves, determlne the best mlnlng and

‘extractlon met?ods, and in other Whys to- deflne its eoonomlc po%entiel.
i

of

}‘m" and ecenomlc ;nformahaon about . thé‘deP081t threugh Marchﬁi968h S Thesly
a831stanﬁe of Mt James Eameron of. the Internatlonal Atomich Bnermdis:
g
Agencﬁgln'V1enna in preparln he~report is, gratefully aoknowl
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The pregent report summarlses the,geologloal, m1neraiog1ca1§ asseys :$~§¥f
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SUMMARY AND éRINCIPALREcomMENDATIONs e
. ~ The. Alio Ghelle radioactive: m1nera; occurrence 1s sltuﬁﬁed ahput
200 kllometers\yest~north—west of Mogad1801o, Somall Rﬁpubllcc ' The
country rock is Precambrlan blotlte gnelss 1ntruded by syenltlg and
granltlo ‘bands. Radloactlve mlnerallsatlon 13 ‘mainly due to 8, thorltef
’}eélacement but the nature of the ore égntrbls have not yet been deterw
mlned, Thorlum, uranlum, yutrlum and small amounts of ytterblum and 7‘;“.

soandlumaare the potentmally éxp101table metals,.?‘ ~,w»  iy ‘s './

¢ . . ¥ ~ ' ook - /

~ N AP ’ . o . . R ,
",’ SRR . . .

Proaect work con81sted of mapplng, trenchlng and drllllnga;. Drill&ng*
totalled 320 metres in "six. vertical holes, one of which, dr111 hole NO&Q

"reachsd a depth of 121 4 metres. Mlnerallsaﬁlon is malnly conflned to
- this hole and to the 36 metre deep drill hole No. 1. E = .

;§'f@ Check as%gy WO?k 1ndleates ‘that th‘;ff rage va1u959 in per cent? g3f*;ﬁ
) “1over & 1ength of 96 4 metres of drlll hole No. 2 areoxj‘ggﬂ“wi‘ TR ;'ﬁf’*fj
:l;*'ki'??§’¢t w0 RIS : ;"ifﬂ;f'iég*f”if;h L
L“’;%u»mé mUO -*f&meb*umww~‘»it_ i N .
038 L A oy
AT 02 .0,1165 - 0.082 0.02 o, @04 S 2 :
| ‘., m-. . é . | : Lo L ‘/ ) “g?-:, ,;“, ,,NJ, N P
KRS o The heavy oonoentrate, obtalned by grav1ty methods, co/tains' ' .
-‘_ K &' . B , L A ) * 4,.‘._ .
\ T ommo, - 30%; U05 -0.83 . . T D .

M0y

| ‘ Ore tonnage is. presently estlmated at 250,000 metric tonsg on the
- - basis of drlll holes Nos. 1 and 2 onlyﬁ ~ The limite of mlnerallsat10n9
‘/however, are not defined elther in depth of‘iaterallyy and geologically .
and spatlally there is a good possibility of greater tonnages eventually
being proved. | ' - -
Marketlng poss1b111t1es for thorluw are very limited at the present
time: and doubtful in the, distant future. ~ The p0581b111t1es of ﬁlndlngo
" & market for a thorite concentrate very rich in Tho (30%) ang 5omparat1ve1y
. rich in U308 (0.83%) must however be investigated. - There is a' clearly

.increa91ng 1nterest 1n new uranlum dep081ts and thls metal is likely

to oommand a market from the early or ‘mid 1970'8 at about US § 17 50 per
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;*j_f, jakllogram U3 8 "éabstantial ané seaqure 1ong;term-eubplies areE%elieved
Yo, e . an easentlal feature of any’ future purohase contract. Yttrium9<
.f;ytterblum and soandlum are subJeot to very complex marketlng eoonomios
g'and are not in. 1mmed1ate demand but the p0881b111tles for sale 1n the

‘ dlstant future may be generally improving. .
& ‘ . ;

s . . . _ . -4
T ’ "aolllty teetlng of the ore by Warren Spring Laboratory9 England9

Ly

indlcates that a dlreot chemical’ leaching of the ore 1s economlcally |

L

- }»'1mpoesn.b1e° Phy31oal pre~ooncentratlon teste are., however, encouraging
t and, in the opinion of Mr. J. Cameron, U.N. Consultant suggest that a_
sultable pre—oonoentratlon process followed by -acid leaching of concent-

rate and aeleotlve rapovery of the uranium may prove to be & v1aple

o

eoonomlo procees° C e _ | R A

’v
e’ A

," ‘ . i ) . . . \ .
1{5 oo If a v1ab1e process can be dev1sed then the average uranium gr%de

of O 116 ‘per cent U O8 would normally be eoonomlcally aooeptable in’a

B - 3
¢ '{ "cﬁ. —~ M - 2 «
S 'uh large tonnage orebody° . |
- N , ' ¢ ’
- fz- *" .
s q‘k‘ ) ’ S ’
’%m;ﬁgn“~'ﬂ-v As exploratlon is at a very early stage, and as there are sound
S won Y PO g
}:V'i: geologlcal reasons for greater tonnages being eventuelly foundg it would

& .v' E %3

be oorreot and 3u5u1¢1ab1e\polloy to oontlnue to explore and evaluate ™

the OGCurrenoe.

IR AN . v
. ..
R

o There is iﬁeu%?ioieot infofmation at present oonoerhing the grade
of ore and the mineral oomp081tlon at the levels of the deposit deeper
than 120 metres, Taklng into aooount the fact that most of the study
up to the present time was limited to the altered upper zone of the deposity,
the exploratlon of the deeper levels-must be considered as a major task

' forﬁ#he further prospecting programme.' The data obtained on the grade
land the mineralbgical oompaeition ogythe ore at'the deeper levels must
complement the data already obtained, to arrive ‘at an economlo evaluat-
ion of the>depos1t Laboratory and pllot plant teste must be carried
out 81mu1taneously to determlnevthe economics of treatlng this new type

v

of Uebearlng thorité. ore.’ I ; “ |

4
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of bre of about the present grade

terest and should be*érltten off If commerclal tonnagé 1s proved then
further evaluatlon steps should be“Wadd, the next of Whloh, in terms of
bprlorlty, would be larger-stale extractive metallurglcal ‘tests. Other

sconomic studies related to the nature ‘and location of the orebody Would

.~

also have to be 1n1t1at@y | T ‘ .
v & . . : : .

i

¥

'3 g . .

Other anomalles » Allo Ghelle was only one. of a- number of radlo«

active anomalies found by\aerlal s01ntlllometer survey.in 1965 1n the Bur

region, but as of March 1968 is the only one pésitively located on the L

ground. " There appears to .be g good geologloal p0881b111ty that at/Least -
- gome of the other anomalles are of the same or other .promising mlneraloa
' gical type as Alio Ghelle and could have 31m11ar tonnage pOSS;bllltlesc
It is therefore recommended that every effort be made to locate and |
evaluate the other anomalies in the area elthér by 1mproved ground tech—
niques or by re—flylng the immediate .areas with a light aircraft or’

EJ

helicopter carrylng a scintillometer.
% , .
& ‘ | L
LOCATION AND ACCESS T,

The radiocactive anomalies and'bﬁcurrenoeglare situated in.the Bur .
régién of the Somali Repubiic approximately 150 to 250 kilometres north-
wést and west of the capital, Moga&is’;ctio° - The prlnclpal populatlon
centres -of Bur Acaba, Iscia Baldoa, Dinsor and Yaq Brava approx1mately

- define the reotangular Bur area. The region is serviced by a poor road,
whlch may be impassable in bad weather, running. northnwestwards from
Mogadlsclo through Bur Acaba to Iscia Baidoa. The re~building and
asphaltlng of this road is expected to commence shortly, ‘There are
tracks 1nto the reglon from Bur Acaba and Tscia Baidoa and from Dinsor
“threugh Yagq Brava southfeastwards“tn the coast but these are not rellable,_

. There are two }énding strips for airsraft at and near Iscia Baidoa.

The location of the area is sho%n'in Map 1.

a.——\--»..‘s» . e e

 J Gannot be found then the orebody is u llkely to be of any further in- .



o

porrsm,

"
b

R §
... .hr o ' ;\ .
a - .
° ' | ! ’ W
\J
N i
. . Y \ . - |
' | TR ,
N ' ' * £ -
- s .
| ’ | ' ’ K2
w o
o 2 ‘
\ » 2 A \
V " )
. 3 . )
’ . . q
7/
\
| - o
i 2
; Lo .
G .
- - 4, e A , .
B
I -
. 40
4 .
. .
A ~
a
N
.

/ &/
) ) co0 / R
. . . N . ' ‘/ /
! .. %ZZ&MQGM@ ' |
. . , | | /z/ | ’//
\ - 3 |
! o / , .
\ L //
! /
\ ) //' ‘ '
\ | , : 4 //
/ 4
/
//
\ ) “ '
\ y ‘ S/
QZE% [/
. \- — '
. / N ; | ’/ ‘?
/\/ \ 2 . /
¢ . s_—\ﬂ/ . )
£2°N S 3 T
\ . -
\{ Yaq ' Brava .
, \
| \\
\
| \ -~ ., -
) N \
/
ok ( _
¢ e \ |
, L . |
j3°E N g ?4°E
N F:



R i, 804 2oy el e

oh
N .
- S ’
. v 2" r 4 - < ¢ . \\\ .
. , . A
> v ‘ - MAP—1
o Government - of Somcxhv Repubhc -
United. Natuons Sp@cuql Fund’
’/-\~

‘&
S

Mmgralg & Groundwat@r Surmy

Km0 © 0 107 20 30 40  SOKm

LEGEND:

' of the Bm AREA

SCALE 1 1000000 .

A

S— Ouz'//ne X of Me Bur Areo-

R&ads - Tracks

e , o ¢
/' DUdd‘UmOi‘
« / o \ .
Ve \\
%
, Y ;
—t .
: “ < . MOGADISCIO ©
")
! RN
RS
\ (d
<&
& % .
) \\ 0(‘
. R a oq’
) ,.V\ O
. Mercd q 3 K 6" .
. \
. 45°E g
]
®
9o @ ’ x \\
‘ !

o

\
AN
v .
1
“’»
N
[— 7"‘&(
4

-
¥




4 1 o A . * v . 3 c < .
| . T P : n )
B . § ‘ 1 . B L -« v LN . ' ‘ . | |
. . - a . = : . ) . | l\\
| | , . . . .
. | ? . | ’ ] . .
. . & < . .- . . .
R »¢ B w\\; L . N Rl B i . . . L. - Lot .
% | ) ' 4 o # - . s
[ o | | g‘ \):
N a | .
. * . e £ ) , | |
~ - \mw‘ . £ x -2 . ) N .
/\ K | ) h . s . a -
. N \ | / . . . m
R - - . | \ | .
. , . . . e
. \ . ] |
N R ) | |
. b B )
a

.
s
% . . .
’ i
- , , )
. . , | o
‘ p
g ) . \o ‘
. . , . | . \ .
3 * , \ \ b 4
o P i
r & t - - . ) / ] . |
u ‘ . | h . L ra
. , . )
@ I | | ,
| . T 27N ,
‘ . | . - . . v .
. - - - 5 - . | \ r\l ., |
| | | r- 4 ] ‘ s N - -
. 3 o | | . X
: ‘ |
. | | | , .
<
, K |
. . | | | ;.a
., | |
. : ’ ’ ' -
P s
. [
~

ot
M
-
\
-
»
1]
Q
"

. . N
B . | .
Cooe .
. . .
. . |
\n | ) - -
P i . |
2/ . W,nw: . — | _ |
- | | | .
N x N . . . . J{ |
%i p s L . s ' ) . . | f
‘ . . . Q |
- - + 1 . . ) ) | | |
. / |,
. - . | . , .
, | N
e . . | | | .
| ’ . ‘ . v ¢ - - L » - >
4 | | S, - . ) _
« . ° . . , - | ; “
+ e . L | ‘
S Ny ~ \» v \\ ‘ | | | .
, | | | . = ~ ] . -
. i . F , |
. . i | . | | .
o - - ¢ . . A . ; | | .
.. . | . . ) ,
- . Y, 4 ) [N , | | |
- - . * _ \\ | |
PR - | |
IS B B . | . . |
. m - | |
e . 4 ,
a R H . ) | | |
L. . k2 . .o . - m | - ‘P\ | .
.. _ | | | . - LA = o . .
7N * - ) ) . | V
w; | | | | . . . z - - nos . — .
. | | ) ) | . £
. - » . a 3 ° . | | . .
, . | | a ! & -
, . , . | | | | | . . 5 P .
. 'y . ( 2 . , | . ,4
. . . - i ' e 3 .- . ] \ . \ | | |
. _v ¢ | | | : - - -
. A . | . | .
< B o B f - i R . . | \
2 . s ® .- . , v | | ks ‘ .
- . ~ , : . - . B . ' .
’ N - v - X | | ‘ ,
- . - . < R . | . |
“ 4 - . Fa , ) . | |
. | | | | ) A * . . - .- - >
. Vi ' N N o A) ¢ .. . N | | J
R M ] - t - . Ml : . | | ’
- - 2 . ~ 1 s . | | |
> . . \. | . ,
. . L. , . | | _ |
- . N . “ . . N | - |
. | ,
. . . | ,
. .- = - ‘ . . | | . | .
| | - . N . B : . 4
: . . o A~ . n . | ,
- - . .u | |
. v « VY & N - . . : . . . ‘ ..m
. . . ks N . , n _
. . . . * R > .. . ) & | ‘ - : .
" . . - . . - N - ., . |
. . ‘ | | | . |
0 v ; . - » s B e
¥ - . ' N : . e N N | | ..e |
. - | | 1 . | ' ’ . . A
-— L4 . > . o ;%; /( . ] | |
- - N 2 - » . .. o | o .
. . , . | ‘
v [N . £ ; ] ] _ | |
. : . - r - - . . | |
- \ . - I .. ) ) o u | |
x i . \ | |
T . ;
. ‘ < .
LY v, . g ; ) . ‘ |
. - . , .
. - N
' . .
: - : 17,
A

.
#
.
/. / Kl . ‘ \ '. )N | | |
. . u |
. ) |
. . . -~ . m | .
p - . | . | | |
. . - 1 & . . e .. rd . . -~ . . » 5 V 'ﬁ Vr A— & | |
- " v ~ L 3 1 - . | \ .. | %
; o T R . . / N L % : i , 5. . .
[ ! - LI - R \ A : o .- . £ I e
¥ . B K < - s \ A . . ‘ |




" N
s A
Lo e

=
i

Topograjﬁy ' | ‘ _:" o L

'some w1de1y separated isolated rounded granitic hills or "burs" rise,

N\
7 - | ' | 1

h‘In general, #he Bur région is a. flat monotonous plain eboverwhich

'sharply, : The plain 1s covered by a reS1dua1 soil-of varylng thlckness e

r

which supports a dense featureless vegetatlon of. @Pprn bush, three to- four
metres high, - « , ' . o - ‘ T
Y T - . : o T s

e [ U SRR
General Geolegy ‘ :

Precambrian basemen% rocks formlng an oval to rectangular shaped

areag 220 kilometres long and 100 kllometres wide. are bounded on the north» :

" wesd and south—Wpst by Jurassic llmestones° Reoentedepos1ts opver fj

gsouth-east. " The basement complex comprises a w1de varlety of metamo phlo

rocks 1nolud1ng schists, quartzites, marbles, mica schists, amphlboldtes

-para-gnelsses and granitic bodies of dlfferent ages° Two periods of

'foldlng are. suggested the earller one produolng a northaﬁestwgrd trend.
Most of the granltlo materlal _wWas probably emplaoed .during .this perlod of -

folding but some later.granitic intrusions are also‘reoognised. Some:‘

~younger 1gneous act1v1ty is also knowns Faultingglboth pre<and. post«

Juras31o in age 1s reoognlsed » The 1atter movements may be . felated to
the radloaotlve mlnerallsatlon. :

¥

SUMMARY OF EARLIER WORK ON RADIOACTIVE ANOMALIES AND
. . _OCCURRENCES

The dlsoovery of radloactlve anomalles 1n the Bur reglon of Somalla

.vwas made in late 1965 by. the airborng geophy51oa1 survey oonduoted under

P )

. Map 2.

oontraot for the Mineral and Groundwater Surv%y, a progect of the United ‘

Naﬁions Speclal Fund. There were no prev1ous 1ndloatlons of radloaotlve

vooourrenoes in the reglon.

[ ‘ . w

.

Airborne*Geophysioel Survey o o .

\ . The - airborne magnetometer and s01nt111atlon~survey was made by
Canadlan Aero Sg!vlce Limited and oovered 22y 100 square kllometres of

mainly Preoambrlan basement rooks. . Th ‘undarles are mdloated -on -

-
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The fllght—llne 1nterval was normally one kllometre but two small

- areas. were re-flown on’ Cross lines at 500~metre 1ntervals, “terrain

' olearance ‘was 120 metres. A tw1n orystal scintillometer was used

with automat1o~record1ng of altltpde and radlometrlo readings. Dopper
navzgatlon system was used for 1ocatlon and a cont1nuous~exposure ‘camera

reoorded the fllght path.- Only uncorrected photographic mosalos were

o avallable for ground coverage and great difficulty was experienoed in

P

.
NN

/f}#’b

' Allo Ghelle area and in January 1966 the radloaotlve ocourrenoe was

' Ground Proving of'Ahdmalies

iocatlng the fllght~path photographs of generally featureless bush on-

the mosalcs. S to

‘<Anomalous radioactivity was defined to be any recording of at least
1.5 times the local baokground radloactlva° In the final maps pre-
sented by the company 38 such anomalous areas were indiocated. Of theae;

26 wer® reglstered on a 51ngle fllght line only and maximum readlngs were

e

“ -
i

. between 1. 5 and 2. 2 tlmes backg7pund
‘The other 12 anomalles, which are ipdicated on Map 2, were reglstere&
on more than one flight llne ‘and max1mum readings ranged from 1. 8 t0 6.6
times backgrggnd.~ These ‘were assumed to be,of greater potential 1mport»
ance, and tWO‘Of thém appea%ed to be of partioular significance, " The
Allo Ghelle area which is s1tuated about 60 kllgmetres south-west, of Bur
Aoaba ‘was registered on nine fllght lines and had a maxlmum value of 4.8 -
times background and the Ya Brava area whloh is 81tuated between DlnsorA
and Yaq Brava v111age was reglsterad on tventy flight 1ines, 1nclud1ng

cross lines, and had a maximum valuéiaf 6. 6 times background

aw

1
Exten51ve traverslng .on foot W1th a geiger counter was done ‘in the

s

looated on the ground°
%

Two att?ﬁ;ts were made to locate the Yaq Brava anomaly9 but 6nly '
minor ground radicactivity was found. Only a few unsystematlc attempts ~

usually 1n01denta1 o Journeya through the area for other purposes, have

been made to looate any of the other anomalles.



The flat featureli;s nature of the bush and the dlfflculty of
t

1ocating the flight-pa photographs on the photomosalcs made ground

1

"proving work very'diffioult

‘i ’ U '

Alio Ghelle-

(a) Surface Prospecting. In 1966 two surface radiometric grid-

traverse mapsfwdre made of the area, ,A,1:25,OOOASCale.map covered a five-
sqﬁare#kilometre'area centersd on the main anoﬁ%&y and. a more detailed |
121, OOO soale map oovered the 1mmed1ate anomaly area. The anomaly was

found to oon81st of two principal radloaotlve surface areas with centres\
about 170 metres apart and de81gnated the north-east and south-west ' - ‘.
:anomaly areas of whlch the latter is the more radiocactive’ and more X~
ten31ve, A minor radloactive area was also found about 500 metres south

of the south—west anomaly° .Twenty-six pits and trenches were put in to
explore the 1mmed1ate sub~surfaoe ground of the two .main anomaly areas.

A few traverse llnes, employing several geophy31oal methods, were rungl,

but w1th 1nconclu81ve results.' , o .ib

i

) (b) Drilling. Drilling, totalling 320 mefres in six véfticai[
. drill holes but almost confined to the north-east anomaly area,. was done

' q;rin 1966-67.  Good core recovery was effected. One hole, arill . | \ 
| hole No.. 2 is 121.4‘metres in_dep%h and most of,the important subsurface |
indications of mineralgsation‘axe?fpom'thié hole. . A provisionél‘iutér~

.pretatioh of the geOIOgical st;uofure was also made from the drilling..

-

(o)"Laboratogy Work. In addition to early testing and‘identification

" WoTk, thé Project «chemical and mlneraloglcal laboratorles made & conSLderu

. able number of systematic analyses°

4 Kﬁdhémioal laboratory assayed ower sixty samplés‘frém drill holes
No. 1 and 2 for thorlum, uranlum and 'yttrium. More than‘seventy thin

seotlons were examined by the Project mlneraloglst and many heavy mlneral

separations were made. . o



‘ABeing generally closer to 10?.to 450 fromvfhe horizontal.

‘oolouration but is hard‘and‘otherwise relatively unaltered. The only

} ?
. |

Work done outSide congisted of 55 spéctr@graphic analyses and ten

'thin'section'examinatioﬁs by the 'All Uhion‘GeologiCai Institute. (VSEGEi)

Lenlngrad and flve samples’ analysed and mlneraloglcally examlned by the

Instltute of Geologlcal 801ence, Aﬁomlc Energy D1v1s10n, London°

-

ALIO, GHELLE

1. REVIEY OF GEQLOGY ORE MINERALOGY -
. . Qeology.. The country“rock is Preoambrian hornblendebiotite,
schlst—gnelss 1nterfollated Wlth syenltlc and granltlo material which .

ranges in thlckness from & few. milllmetres up to several metres and

has been 1ntruded mainly along the. follatlon planes of the sch18t~gnelss,

o

~

A structural 1nterpretatlon made by the Progect geologists, and
based only on the trenchlng and drllllng, suggests that the principal Y
structure is an anticline with a form as outlined on Map 3 It is .
suggested that the crest ‘of the antlcllne strikes approx1mately north

‘and that while mlnerallsatlon is absent. from the crest it is symetrlcally

) dlsposed on the two limbs, dlpplng outwards at approxlmately 45 and

‘ formlng the north-east and south—west anomaly areas,

This interpretation is admittedly tenfativeﬁand as of March 1968

should be left open urtil more evidence is acoumilated from further

‘drilling. Examination of the core of drill hole No, 2 confirms that the,

schist-gneiss foliation does make an angle of 35 to 45 with"ﬁhe hori~
zontal dowmn to a depth of about 70 metres from the surface.  Below this
depth to the end of the hole at 121.4 metres the foliation is much flatter,

o

o L , - ; o 3
Below the first twenty-five metres, which has been subject to i

weathering alteration, most of-the Qré‘rock shows red-pink haematitic
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sectlon whloh shows altered kaollnlsed ‘and d1s1ntegrat1ag rock, posslbly

"{;»a95001a%ed with faultlng is at approx1mately 115 metres depth.. _Other
| suggestlons of faults were noted by the Project geolcglsjs in the surface .

| .trenohes but they are also tentative and 1mp0851ble to relate to any

minerallsatlon oontrols at thls stage.

Ore Mineralogy. While the general structural geology must remain

tentative until further dfiliing is done, the petroibgy and mineralogy
of the host. rock and - ‘or'e as revealed in the cores of drill holes Nos.

R and 2, is Well documented° .

The Project mineralogist has'done a very oonsiderable‘amouﬁt of

- exoellent petrologlcal and mineralogical 1deQ\/fioatien work despite the

lack of polished section and other facilities. The fellowing Table f
is a summary of his findings. '



‘TABLE 1: ’SUMMARY OF PARAGWNETIC SEQUENCE AND MINERALGUICAL IDENTIw

B S T S

FICATION DZTERMINED BY MRo E, NEFEDOV ?ROJECT MINERALOGIST

= Lli i dan ty

.

. Y ol
Paragenetic Segquence:

.~

Mineral Centen%'n

1. Biotitic schist-gneiss )Precambrian’ Ollogoclase9 Mlorocllneg
‘2. Impregnation of grani- ’jbasement Quartz, Biotite, Amphlb°1889
) ) {975 Apatite, Ziroon, Sphene,- -
tlc,materlals, includ-~ _ Masnetite 1 1t Oethit
ing late pegmatites Ycomplex &n > llemenite, Or S
— Interval
3.. Albitisation, causing Albite, Calcite, +
alteration of the ferro- Sericite, Riebeckite
magnesium minerals, ‘ ' '
releasing iron and )
producing red colouration
of the feldspar°
Intexval
4. Fracturing, producing Calcite,
" ochannels into which Post Jura851c Thorite, o
hydrothermal solutions (9) Quartz, -Zircon, Apatite, -
were introduced Haematite, Geothite, .
. Pyrite, Marcasits
5. Minor fracturing and Chalcopyrite, Galena,-
introduction of siliséeous Sphalerite, Uraninits,
solutions with sulphides Pitchblende(?) Baryteg
: T e R Sphene ‘ _
Carbonate replacement . I b
7 v T
T. Oxidation- and Secondary Montmorllllnlte, Chlorlteg PR
Alteration Stilpnomelane + ¢
_ Caloite, Leucoxene,
‘ Geothite, Limonite,
Marcasite, + A Secondary
uranium mineral (?)
“ + may be hydrothermal \\\\:
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: ,gro&n with coffinité USi(0, OH)4, forming ‘black grains that might be

- thorite"

. . - - ‘ L.
L 10 <y : Lo Y e
v
.I}a

The replaoement nature of the thorite and sulphlde mlnerallsatlon

1s obv1ous and clearly shows that thls is not a syngenétlc radloactlve

: mlnerallsatlon but is due to hydrothormeral act1v1ty and réplacement

at a geologlcally later stage.

. The examlnatlon of the first fl"e specﬂﬁ%ns sent to the I, GoSeu:
Londony produced the follow1ng oomments from the I.Q, S., mlneraloglstg,
eessoo "thorium.is presqu/as thorite whlch also accounts for the -
uranluh and .the yttrium.  The thorite is present for the most partf
as sphe:r:'ul:'Lteés,»° ‘& most unusual mode of occurrence. . A further
comment was that "The samples oannot be considered to contain sufflolent
uranlum relative. to thorlum to Justify desorlptlon of the ore mlneral
present as uranothorite rather than thorite. * The ratlo of U to Th is
not nearly hlgh enough to ralse hopes that the very rare mlnsral

thorogummlte ig present" _
1.

The I.G. S mlneraloglsts repostlné on the serles of seven 5amp1es
sent by the erter to London, made\the fo%}o%lng comments or the radios
“active mineral identification:- - L . 3

. . ®
- . "Thorite was 1dent1f1ed in (samples) 44, 46, 47 and 48. Separated
{ thcrlte from these spe01mens was scanned by X-ray fluorescence, and the
U/Th and Y/Th ratios were in each csss sufflclsntly hlgh to aocount
.fof’all'the'U and Y determined. - Specimen 45 diffsred from ﬁge others
in two ways. Thorium was present as uranothorite rather than thorlte
(U/Th ratio approximately 1:5) and some of the wranothorite was inter—

_
mletaken for uraninite. So far as is known, coffinite has not been -

8

rapcrted from other looalltles in 1nt1mate ac0001at10n with urdno-

}

%‘1 . TR

2 in thls report




The Columbia Unigeﬁsity m;néyglqgist noted ihéipreSenoe ofy \
uranium oxide, a pitchblende vériety, in colloﬁdim masses and doating~ | ",i
rook interstices but this was not confirmed by ‘the I.C. Se mineralogist
who- 1dent1fled the black radiocactive mineral as oofflnlte» ;Small
amounts of .monazite'are: mentloned in both reportse" |

The presence of small patches of carboné#e ﬁ%ﬁerial is‘impo:tant ?
as this has an adverse influence on the acid leaohing‘proﬁarﬁies of. 
the ore, '

; . (

¢ In the spectrographlc analyses done in Leningrad on normal ore _
samples, thorium, uranlum and yttrium werse repor%ed in the proportlons ’
'vexpeoted but in additlon, ytterbium was noted in 51gn1flcant quantltles '
and ,also minor amounts of scandium. The occurrence of these two |

N

elements _was confirmed on two comp051te samples sent to I.G. S Londono

The results being ds foblows°7 ) s |
Sample 39 = 0,02%7Yb 0.004 % S¢ - L
w40 L = 0.02%7Yb  0,003%Sc .. B

S,
. %o .
oL
"

It is assumed that both these elements are also present in the
thoriteo' Samples have also been tested by thé‘Eldoradoviaboraﬁory N
for the presence:of 'europium, but these results‘are not as of Mérqh
1968 available. ° E ' o s

Siégialiy”préiared heavy mineral’extraats prépared by Mr. NefedSV'
,and speotrographlcally analysed at VSEGEI 1@ELen1ngrad 1nd10ated the
expected Th, U, Y, Yb and ‘Sc but no significant quantltles of any other’
metallic elements whloh mlght be of economic 1nterest3 e.g. Pby Zn,
Cuy; Bi, Cey Agy Cd9 Sb, 009 G, Sn, Me, V, W, Ga, Hf9 Be were all very
low or absent. - | ot ' :
| . ~ . : : g ,

In conolusibn;‘if is clear that the iadioac%ivity ié‘mainly due
to the minerdl thorite contalning small quantltles of U9 Y, Yb and Sc,
‘but in ‘some hlgh~graae sect10n59 uranothorltg is present and also small ,"

quantitles of cofflnlte°
: ' B
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u““\«mg? samples 1ay\y1th1n the range 0. 45 to . 1.14 per»o

T on Map 3

' sectlons bé%ween 13. 70 and 33 00 metres.'

*

i
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P The orlglﬁ of mlnerallsatlon is hydrothermal’}eplacement and not
|
' syngenetlo, Tt may thus be related to, and oontrolled by, geolog cal

'fracture structures Whlch are not yet h@own and may be revealed only

by con31dsrable further drilllng, o~ .o
. | . Sl -~
. F%om thsC?oonomlc extractlve V1ewp01ntk\the prinoipal points .are
that the h?if

_ore makes 1

specaflo grav1ty and spherulltlo nature of the, thorlte ‘
falrly easy to separate from the gangue by spe01fio gravity
method.s°

- be adverse-fac%ors;in;anY'diredt acid leaching proecess.
R R . ] . . -~ X

The mineral 1tsslf.and_¢he.c;IC}te‘1n the’ ore would, however,

hd b

1 " )

U s AND asay mmsuLs

A?art from radlometrlc‘rsadlngs and samples taken from the early

trench1ng,>whlch are not dlscussed in thig’ report, the pred%nt ev1dence

N

.of mineral values is based Bh samples from two drill holes, Nos. 1,snd

2, respectxvely to 35 80 and 121. 4@ metres<gsep and located 'as indicated

i
|

v \ " o . b o -

‘Drill hole Wo. 1 o L B,

%

| |
Pro eot sampling and sisaylng. Sampllng of the core of thls;

holé was: done seleotlvely and not cont:muouslyo

V'/

about”’ half armetre of core 1ength ea@h ware cut- from more rad10aot1¢e

In all, 21 samples

At that early stage in t}

Proaect only Thé _could be’ determlned chemically and Values for these

Y

[ * S

Radlometrlc readlngs on the core sample

ss“prsseﬁtﬁ
e that

confirmed

(S 4‘ P

in drllx‘hole No. 2.

»

) o v . ’ e . 'I’\g LY
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Drill hole No. 2 L L

[

Progeot eampllng and assaylng. - Project sampling of this hole

jwas .more continuous and systematlo than 1n No. 1. Between 25.0
‘metres depth and the end of therhole at 121.4 metres but omlttlng
the section from 28 5 to 33.4 metres, 75 samplek were cut  These
were mainly in one metre lengths, the prlnclpal exoeptlons being
two eamples covering 11.0 and 6:0 metres. The total core length
sampled wag therefore 91. 5 metres but 40 samples, from 81 to 121.4

_were not assayed.

. 7

e .
« L ' . '}

Progeot qhemloal analyses was therefore done on 34 samples between

% and 81 metres depth and coverlng 51.1 metres of cofe, The weig@\ed

i

average results,ln per oent, are as follows:

o

lh 0, - U,0g ?203
2,37 ~ 013 0.327

"
@

"4

" Check eampllng and assaying, ~ With the double purpose of checking

~ the above chemical aesays and sampling and agsaying the remalnlng T&lem
,Vactlve sectlone of the. hole below 25 metres depth, i.e. from 28 .5 to‘
33.4 metres.and from 81.0 to 121.4 metres, a ‘further series of samples;'
termed thé "C"’éeriee, was reaeeleoted or re»outl ,- -
i - s
Eiisting duplicat% Teserve sampleS'were used where“pessible to
give new weighted samples and new core cutting was done for seotions o
where this was not poselble° A series of 38 samples of two-or it ree~\
‘metre ‘lengths and co%erlng 96.4 metres of -core between 25 and 121.4
metres was éﬁepared._ Sample 39 was a. welghted compoelte of the whole :
serles 1 38 and sample’ 40 was a welghted eomposlte of ﬁamplee 16e2? o
eevering 65 to 80. metree, believed to have a h&gher U3 8 eea%ent. @%e

samﬁlee were numbered Cl- 040 and preﬁared in quadruplleate eubwserles

(#), (+), () and, (a. ‘, S

- .
' . ’ - 1
[ “ . . .
3 R . . -
B o . . @ .
) o - -
' N o4
. - y
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‘The. gample series were sent for ana1y31s as 1ndlcated on a
. ;
'“prev1ous page° The detailed 1nd1v1dual results are pr@sented in
'Appeﬁdix’No, 3 Segtion (a) and (b) The principai results may
be summarlsed as follows. o , 2 ' : \
) ThQ2 3 8 | Y203‘ B
S . o , . g ’ 2_ { (1n per cent)
‘ Series (a) | : SN :
' - —Ana;ysed by I.G.S. London A ‘“: o
E g}:x-ray fluorescence (XRF) and ~ - . L S )
| radlometrlo methods B , / ) | -
o ;; (1) Welghted average of samples C1-(38 3.29 04119 0.085 .
© 5 ‘ L _ %
(2) Comparatlv% oompos1te samples 039 , 3.30 . Oa12Q 0.080
Serles (B) ° ‘ o ‘ o |
Analysed bv Eldorado Minlng B : \v////\\v ‘
, &‘Reflnlng Ltd. Ottawa L S, S . ‘ S
(In this series the results were
' reported as per cent thorium Whlch has = . .
- ’ ' . . - ‘ ‘
“been adjusted here to per oent;'I‘hO2 T - é : o -
forfcomparisbﬁ) | ' - | S _ '_ L V.‘x '
(1) Weighﬁed a&erage of samples Ci-C38, ‘3 19 e ,O§1ﬁ7/fq n.d.
(2) Comparativefcomposite;sample'03§ R 3 49 , J)O;133 ne.d.
Series (c) . | | ‘ v
| Ahallged by I.A.E.A. Laboratories Vienna.
\v Comparative composite sample €39 - ' 2.94 . 0,098 n.d, ‘
e ' - , o ¢ : S
. .. ] = o LD -
. e ! . - -
- Average of‘all'determinaﬁions‘. ‘ - 3.22 0.116 0.082 -
S P "
~ o . . . ‘ - ' :
n.d,'—gﬁot'detecﬁédi* . , _ -
! » ’T&» »\ : s | . . //:
. - /;//’
% h a / “ 3 Y £
! N @% S /5
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The compar lve figures for the selected and presumed higher

uranium grade s ctlon from 65.0 to 80.0 metres is as follows: o o/ ~
) ?hOz . U308 - T0y
S _ S . -7 (in per oentf/i,_ R
Series (a). . - - , S S e
S (1) Samples 016—021 , LT 3 84 ;u 0. 149“ % 0. 097g L
Cw (2) Comp051te sampﬂe C4O o ;f y”y 3 50 : O 130" 0 098 «'?L'Nx |
A SR fﬁ o ‘f S S
B s.eri‘es,(b) o p R Lo "
o £ . . v o e e
(4)- . Samn1es/616~€21 e el . 3.49 ¢ 0O i43: ‘n.d.
82)  Composite sample C40 o T 343 o 122-- n.d.
N r;(: . ' | _ "(. .0 L Ty
. , - &
% Series (o) < '
Composite sample £40 . . 3.52.  0.107 n.d.”
. oo , 2 ‘ mu - /
Average “of all determination - 3.56 1 0.130 Q.O93
The &ifferenoe batween the resultd for the presumed hlgherwgrade
- section of 15 O metres and those for the whole 96 4 metres are not. as.
2 o slgnlflcant as had been expected and it- seems probable that thls A
sectlon Wfii have no' selectlve economid smgnlflcance. T *
) { . ] 'I. . \ . - " .
i Compar%son with the Proaect chemical analysls can be made from ‘
. the oalculated weighted average of samples C16~034\p1us 037 and C38
-~ in %he (a) and (b) series, pepresentlng 50,10 metres of core. - The -
, “ oomparlson is as follows~ T T o i
/ ' ¢ . gk N -
I i - .
< i , 0 Ty w < . \ ! )
s . 8 ﬁ‘. ~ » N q‘ .
t ~ o p
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. Tho. . . .. Y.0.

\

. \\ | 2 3 8/ 23.
S N T ,\ L -~ Ndin- per cent)
38, ‘samples C16-C34, C37-C38 ~ ~ 3.46 ~  0.121  0.092 |
Serles (b) R ﬁ-, - f“ TR \ - 3{31;,; 0.144 med. - gy
- = - v C—— '“T-a-« f—-—.\\ = s el pes e D 3 G 8 P D G SN
_ Average of (a) and (b) . ‘\_ 3,38 oeasg‘ (0.092)
== ' e S ee P ST S e e S
. D - T ' S \\ -
: Equlvalent Proaect ohemloal T” : . Coe T T
A,Nelghteg average - LR 2437 - 0.43 - 0.32

A

-

These res lts show that tbere is exqsllent agreement between the
‘Proaeot U308 analyses and the two outside labora“torles° The ' Pro;eot
ThOg_results are however oonsiderably lower than the eutside laboratories
While the Y 3 Proaect results are muoh hlgher than the Y.G. S, figures,

. General Commsntso. A full statlstloal and analytlcal stu@y of
the results has £“¥ been done but, it is recomended thst thls should .

be made by the Progect geologlsts and analyets.‘

Rélafionsh§§»td Radiémétris Readings‘

~-More than eaght hundre@ separate radlomstrlc readlngs were taken

by the Proaect geologists on small seotlons of core normslly sbout OeﬁS

‘metres in length and about 1 kllogramme in welght from drill hole NOc 2@

| The non constant ThO2 3 8 ratlos found in the sample analysss m&ke any

Y

& [

;y%MA¢W

dlraot eorrelation between: radlometrlo readings. and ThO or UBOB vhlues
impossible and no dlscrlmlnatlon equipment was avallablé Varlatlons.,
in WDlght of the -gore seoxlons measured is also an irregular faotor e

‘although this may be less - lmportant consldering the number of ‘measure~ o
ments made. L ‘

. . .
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Desplte these quallfloatlons the radlometrlc readxngs may be

ks ~the only gulde to values in drill h?&es before analytlcal reaults,
" are recelved and may be useful unt%l bore hole 'logging equlpment and

 discri 1natlon equlpment can be obtained, Approxlmate oomparisensa -

.&'.

are as follpwsn

B4 R . L T .
- A . s, . B ] .
N . : . .

iappears to be equivalent to 3. 30% ThO

and 0. 0827 ¥,0
‘sample by one laboratory gave values of 0.02% Yb and 0. 0047 So.

found.

ﬁ‘ ‘Seotion sémpled Radiometrlc Readlngs Comparatlve aver, analggeSa f
/(Depth in metres) No taken/kv value mR/hr Th027 Uy 8% . %_"’ ]
-102-113.0 . - 143 o 0.29 © 0.89  -0.05 o 03‘,Jﬁi
10-121.4 © 89 - -0J7 2,55 0,07 0.0 '
25-4%1.4» - 754  1.30 3130  0.42 . 0.08 .
65-80 © . 115 . 1.50 . 3.87 0.5 0.0

N ) o ’ Ve

Very approx1mately, 1.30. mR/hr measured on small core seotlons
o) 0. 12% Uy0g, and 0. opﬂ Y203
It may be that a radlometrl%,value of about 0.50 mR/hr could be used,
as a "cutoff" guide to ore until better eqnipment for prellmlnary

evaluatlon if obta,lned° , » ‘ e

Conoluswns° The check sampllng has shown that the égerage &@lueé

in 96.4. metres of core of drill ho e No. 2 is 3 22%. Thoz, 0,116% U 3 Og

Ytterblum and scandium’ &etermlned on one composmte

203

lB& comparison with the'radioﬁetric'readings‘itsis ﬁrobable that
only marglnally lower values can also be a581gne& to a 33 metrg 1ength
of drlll hole Wo. 1._ For other drlll holes, Nos. 3-6, records show
that only in holes Nos 3 5 were lengths of very llmlted radipactlvity ) -

o

R . ) .“,-p N \ ) ) . '
wro : . ) . . o . v
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o OREfTONﬁAGE AND METAL CONTENT
‘ - . S v ‘ £

As of Maroh 1968 1t 1s SOmeWhat dlffloult Yo put ore tonnage and..

e

metal content 1nto flgures becausé’of many faotors as’ yet»unknowna _

g o , . > o

: e
: SF I 4 ’ . . oo N &
CL ; Present relevant facts are”that;
L wzvﬁ Coi(a) Two of the 81x vertlcal drlll holesy 30 metres apart,

o,
“%

%:f have gone through radeaotlve mlnerallsatlon from near .

‘:ftm" _" S0 _surfaoe to 35 80 metres and from 25 to’ 121 40 metres de th;

‘ (b) Both hOIGS Stoppedxln mlnerallsatlon and the lateral extent'
tY ‘*‘}f %\;;“ = .- of the mlnerallsatlon LS not defined desplte thé other four.
A S drlll holes, ""'“f4, '-,“ ‘ ' 4

- L

E (9) The south—west‘anomaly'area with higher surface padioéctivity

T , ?’ﬁs virtually°unéxnlbred at de@th;,

(d) The minerali i of & hydrothermal replacnment tyﬁg

and is not

Qyngenetlo, : L " . ’\
of 3,224, [ Tho,; 0.116% U 3 8 and O. 082% Y203 have

N - . been proved for the 96 4 metres of drill hole No. 2.

(e).. Assay value

'/j\7 " More oontroveréial and jequiripg 4;rfher‘proof'ére that:

.(f) The above assay values can be applled to the ore body
generaily, ’ ' '

. (g): A vertlcal cross fault postulateg by the Progeot geologlsts,

i}{;.': : ax1sts 1n the north-east anomaly and controls- mlmerallsauion. N

%

- R Controlllng struotures suoh as faults could be of importance in -
this. type of mlnerallsatlon Some evidence of a faqlt was seen in
‘trenches 13 and 24 and inm the.ocore of ‘drill-hole No. 2 at about-115
ﬁe%feakdebthe ﬁhis eﬁidén¢é.ié:admi£tedﬁby the geologists to be’

. N +
1] > ' » .
L] - -’
i} L .
. T ’
. .
. - f
.
. .« -

‘».."‘ i ‘ . .
. @&@“ @
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.around them ig deemed preferable.

\'f 95,000 cubic metres of Qre.'

gravity of 2, 65 for thls ore.

 described and 111ustrated, oontalns 250,000 tons of ore. . It is reallsed

" hole No. 2 are applicable to the whole ore body then the. metallic contents,

- . Al ‘ . . 1
~19 - o o , »

A

‘ ter}uous but if dorreot, may infer a relatively narrow zone of minerali~ - |

sation extending along the fault walls.  After examlnationwof the

ev1denoe it 18 belleved that it is not sufflolently stnéng to be aooepted

atathxs stage and therefore a oonventlonal and oonservatlve estlmate of

tonnage based on the two drill-holes and ‘a limlted horlzontal proaeotlon

5

Cy

A cyllndrlcal body of 15 metres padius surroundlng and’ related to

the mlnerallsed\fectlons of drill holes Nos. 1 and 2 is assumedo The
,suggested”outllne is shown in Map 3. .In effeot, thls is equlvalent to

';a oolumn of ore 135 metres in length and with a 15~metre radlus oontalnlng

R
3 o K

- B ® ‘ S . . ’ C V /
. .

{ . Small and fairly crude tests made by Mr. Cameren‘on fife small

sectlons of mlnerallsed core gave an average speolflc grav1ty value of

2,73 Allow1nggfor the crudity of the tests and for air space in the

rock in place it may nevertheless be poss1b1e to assume a speclfli

e

‘
Y

It is therefore estimated that the cyllndrlcal block of. oreg as .

’

that the- flnal proven shape of the ore body is hlghly unllkely to be’ L

: »“’»*"{‘;\AV./ ‘l%““ .
,preglseiy thls but it is the ‘best oonservatlve estimate whloh can’ be o
made oﬁﬁthe present ev1denoe. o , ,

PR : ' iz
- "y B

Assumfng that fhe aﬁefage assays of the sampled length of drill ,

L

‘ >
yer 250 000 metrlo tons, dry core, may be as follows' : T e

Av. Grade , " Content v
(in per cent) ° (in metric tons)

SO, - 322 © 8,050
BRERE 0,116 s 290
104 0.082 . 205 -
Tb- - 0.02 * 50
So - - 0,004 10

RaE i s el i SN
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7b$e,4 The definitions of the latter two categorles are:

_merits expleratlon, . oo o ‘ TR

; should be presently summarleed tentatlvely as:

: W . - . -
- N 1 N -
X . LRI .
a . - " ' . . N
Y . . ’ < e 20,.—:
- ] : .
. ,‘\ B . ) Loa R ‘ -

"It is’highly probable that this is not the final 1imits ofore
’and that extens1ons will be Found. There are good possibilities of
exten51ons in the north~east bre body both leterally and in depth and
jelso of finding ore inm the south-west anomafy %fea. . Spatially aud ®

sfjfgeologloally it 1s not dlfflcult t0 v1suallee the" p0551b111ty of at

'leaet a further three quarters of a mllllon tons being found at Alio

4

QGhellee '. ! '_ L

@

| Four ore reserve eategormes based on degree of oertamnty are ueed
bN

here. These are proven, probable, posslble or inferred and potentlal

g

¢

Coa

Po851ble or 1nferred~ Ore exposed and sampled on only one Slde

»‘or cut by a very small number of wmdely spaoed drill holesL”) Its

exten81one and other dlmen91ons belng a matter of reaeonable—yrojeotlon,

o - . {
Potentials: Ore for Whloh quantltatlve eetlmates are ‘based. largely

-on a general knowledge of the geologloal oharaoter of a deposxt in ¢ire

‘cumstances where no systematic sampling has been done and measurements

\

may be approximate. Estimates in this oategory are regarded as. no

more than an 1nformed guess indicating the degree to Which the deposit

- \ y

A N

In oonformlty w1th these def1n1t10n69 the 51tuation at Allo Ghelle

i, B

P0381ble or: 1nferred Ore - 250 OOO metric tons oontalnlng approxlmately
8 050 tons ThO X 290 tons U308 and 205 tons Y2 3 e,

-rv. -~ ) d ®

'Potential Ore - 750 OOO metrlo tone whioh should be regarded as pfimarily

a terget for fur+her exploratory drllllnge

R
.
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AMENABILITY TESTING OF THD ORE

Prellmmary amenablllty testing of the ore has been done’y the

yEngland Three samplés were selec

rMetals 1i‘:ﬂ:tracrt:Lom D1v181on of the Warren Spring Laboratory, Stevenaga{\/
z:ag and dispatched in early November.

The pr1n01pal sample, No. 039 was repreigntatlve of the core from 25 -
“to 121.40 metrres of ‘drill hole No. 2 weighed about 6 kllogramme and was \\

groun@ to ~22 mesh. = A small sample, No. C40, representative “of the

higher—gradé material from 65 to .80 mgtres and a sample of the unorushed
»oore (041) for grlndlng and orushlng jgﬁﬁi/w re also sent. . Instructions
glven to the DlVlblOH'W@TB to regard the material as primarily a potentlal
\uranlpm oTre and iny secondarily as a possible rare earth and thquumr
ore. . | ;

- . | ‘ , _

. From the outget, the nature of. the radicactive mimerals suggested
considerable probléms in extractive mefallurgy " Even prior to actual
testlng9 Warren Spring Laboratory noted that although 1t mlght be  tech-
"nically p0581ble to extract the three principal metals from the ore by
dlrect‘cheploal-methods, the pos51b111tles of recovery for only uranlum -
might well be very. slight insofar as the economic viability of any Process
was oonéerned . If a market o%uld be found for thorlum and yttrium the
°\eoonom10 p0881b111tles wouﬂd be more favourable° It wag noted that it
~would not be poss1ble to. extraot uranium selectlvely direct from the ore
’ but that 1t could have been extraoted selectlvely from leach -liquors gnd
\ thorlum hydroxlde could have been preclpltated separately as a fairly .
high grade oonoqntrate° , The problem in regard to thorium was, howevery
' that if it Were not 1mmed1ately marketable. (as is the oase)y then aged
1 thorlum pr901p1tates become very- dlffloult to reprooess, It was suggested
that,gre»concentratlon of't:é/gre followed by chemical treatment of the

y

5 coﬁdéhtraﬁes might be the o possible route to the economil TEoOVeTry .
& . M N . 7 - 3

of uranium. o N T
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Tests carrled out by[Warrap Sprang Laboratory proved fna@ direct

.'chemloal methods Were, in faot, guite 1mpraotloal.‘ The details of

s Sprlng report in Appendlx No. i Brlefly, it was found that in additlon '

e

%,

Nr !,
\\ ,;@

nuranothorlte the . ore also oontalned alkall equlvalent to 8 per cent of

, kllogramme U308 for acid alone )\\\\,

thsiglreot ohem1oal testlng is glven in the first part of the Warren

to the expeoted high acid requlrements 1n breaking down the thorite -

A

11mestone caus1ng very high total acid oonsumptlon, The best leaohlné>'

'test obtalned was  an extraotlon efflolenoy of ‘81 per cent on -200 mesh
*ore u81ng fﬁg equivalent of 0.4 +tons of sulphurlo acid per ton of ore

"‘whloh would, be completely, uneconomloa ( About 9,00 US dollars per

¥

. ¥ ]
Direct chemical treatment ofgﬁa‘ore for’ the recovery of uranium
was therefore found to be eoonomioali§ximpossible and. the possibility

of employing physioal methods of prenoonoentration were then examined.

\fqPrellmlnary results of the pre—conoentratlon tests are given in the second

§§r+ of the Warren- Sprlng Laboratory sté%ement in Appendix No. 4.  The
rssults show that 63.3 per cent of the Th02 and 53.2 per oent of the

U 08 wsre reoovered in grades of 30. O per cent and O, 83 per cent respect-
ively. \\Mr, North of the Warren Spring Laboratory emph381ses ‘that the
tests were\on the ground otre as ‘received and were on a very small scale.
He ﬁés confldent that with oontrolled grinding of the original ore and
larger- scale test;ngy wg;y much better flgures’fould be obtained. The

: laboratofy-staff”wére enthusiastic about  the faot‘ﬁh t /a very good

olean‘separation of the thorite could be made with- i ease. : S

In. fact. a ooncentratlon ratio of 1: :8 was achieved and %t is oonfldently !

expeoted that thls oan be 1mproved. g

The subsequent stage of acid leachlng of the oonoentrate and

' seleotlve preolpltatlon of the uranium had not been donq at the tlme g

- of reportzng but no problemsawereﬂforeseen in this., - Becduse of the

straightforward, s . o

'pre»ooncentratlon and ellmlnatlon of the alkali, acid requlrements

would cone down enormously and seleotlve preo&pi%@\jon would be -fairly

'
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N
C;;;gr%gon Withfthe-Radiuﬁ Hill_and"Mary Kathleen déposiﬁs of
Aﬁstralia, batggff which had difficult'refractdry‘uran}um m&nerél :
problems, suggestf that an economic process for Alio Ghelle could most’
probably be worked out on the basis of a suitable pre-concentr&tlon
stage. Con51derable further bulk testing work will, however, have \

to be done. , : N

MARKETING PCSSIBILITIES

o

The ocourrence at Alio Ghelle contains five metals of possible
interest, thorium, uranium, yttrium, ytterbium and scandium. Present
information on their marketing possibilities may be summarQ?ed‘as

follows: R

(a) Thoriums:  In the nonnnuolear field the commerclal p0681b1}1t1es
of marketing thorlum appear to be very llmlted at the present time.,
World,w1de, about 300,000 pounds TH02 per annum goes inte gas mantles
and less that 100,000 pounds into magnesium alloys. Other uses for
refractories, disperéion hardened nickel and thoriated tungsten are
quite»smail and total non-nuclear consumption is 1éss'than 5009000'

pounds per annum with growth rate not more than 5 per cent per annum

"and no new developments in sight. Wo realistic price quotation can:

be made. \ ) ‘ , . oy

the wnuclear field, thorium is a potential fuel for the generation

qf nuclear energy. Considerable researoh is being oonduoted in varlous“-

"countrles to this end but nc. é&tual outlet for this purpose existe and

the economics of its use in prefgrenae‘%o uranium are 81111 doubtful.
Thorium may be more strongly promoted for nuclear purposes only. if
theré is indeed a shﬁrtage of cheap uranium in the postﬂﬁ975n80 pexiod,.
which some authorities predict.  The Internationai AtOmic'Energy ﬁ
Agency in Vienna organises a bi-annual meeting of a "Working_droup ,

on Thorium Utilisation™ ,at which this: subject is reviewed.

or

16



esupply whlehAislstll% in ef
_about 1970. .

._15 as follow

-~

i»&umped becausz/ﬁf lack of market° . It is estlmated that reserves of.
. ;over SOO 000 hort tons of ThO exi t in the World most of whloh o

2

&

s

- - An economic assessment of th p9851b1e uses of. very ﬁ&gh grade
must, however, be carried out befor_ the oommercig%
of our dep031f'ean be oon51dered as & mpletea ) '

- : .[,;/ . : |
Mg- For ﬁhe present it wouldg?herefore bevsafer to regardwthe .

{
thorium. content  of the. Somalla .ccurrence as belng1of no economic

31gn1flca3eew/ Thls oould however be revxewed at intervals 1n the

>

nght of nuolear~power develop ents’: e N - .

—
o

(v) Uranium° QThe perlod of hlge/gx&oe, stroné demand for urdnium o -.

ct and may be expeoted to last until
\, ,; . _% .
: 2 [ }/ ..

0 avrlslng demand for uranlum for nuolear

-
~ vh,
-
¢

'Starting from about»19

[}

- power requlrements is antlo«pated ~ The estnmates of uranlum requlre«

*'meﬁta have been almost continliously up gra&ed over the last few years°

0 /

l

/

A recent estlmate publlshed by the U.S. Atoglo Fnergy éﬁmm1831on#(A E, C. )

ks

s
[

bﬁtlmated Anhual Demand T L Cumulatlve/ﬂemand -
. .4 : ) Shc\)\I"t TOHS U3O ol )'- “" — - .A ’—A, ‘—‘,‘_, 'Short TOHS y3 8 \/ -~4
.%” 'f1970'\f 12,000 © . 2 38,000 |
.“ 1975; - 32,000 ¢ . 156,000
71980 4 65,000, - ) 409,000 ’ '

'A—\‘g_ .
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‘ Progress1vely greater demands are antlclpated in the decades R

. ; i ) :
ke . » ] T g . P

1980-1990 and 1990—2000 ceT : L

T
-

The ore Teserve situation, also estimated by the U.S.A.E.C. in
September 1966 (as a total "western World" reserve) was 690, OOO'short

tons'U308,’but the apparent surplus on these %Wo ‘sets of flgures may

not exist when maximum produotlon rate, Wthh ‘is the controlllng faotor, -

~e

\ ‘l "ig taken to acoount Thls and the contluuously rev1eed upward estimate
°1n demand 1ndlcate the posslblllty of a - short fall i uranium: supply
ardgnd 1975-1959, ~ After 1975 produetlon will be 1moreasingly dependent

. wupon. new districts. R

. ’ ﬂ» s
These estlmates are made on an’ estlmated prlce range of Us % 5 -

@ .
4 10 per pound U3 g In trylng to estimatd a closer fdgureJ mest attho- .

rities are of the oplnlon that the U O8 purohase price wrdl rise to

égri about us $ 8.00 per«pound U3O8 (or Ug $ 17. 50 per kllogramme 3 8) by -
e the mid. 1970s and mlght be hedd there if successful new“lowacost dls~
h'coverles are made 1nl\pe meantlme. -
Unllke the early»1950s, small depos1ts and supplles are unllkely
o be attraotlve to buyers and power producers'. An essentlal feature : -
. of future demand will be that substantlal oontraoted eupplres be agsured
Vo on a; long—term bas1s.. " . : ' , ’ -

. - . . ] -
: . . v - - . - o . |
fy 0% R - 'f,, . ‘ AR ,\ . - ’ ‘.Q

. In summary, there appears tb be a good prospect’of commer01a1 sale
A of uranium conoentrates from about ‘the early 1970s onwards at a probable
3O8 prov1ded that the

dep081ts are substantlal and that secure longaterm.contracts are arranged

prlce og about 17. 50 Us: dollars per kllogramme U

*with.purchasers.

. - ‘ , : o g - Vs
o | : | L e S
| . As exploratlon development and the brlnglng of a deposit ﬂo the
productlon stage may take about five years on the average, the present

early stage exploratlon of the Soma11 ocecurrence appeare to xk%oorrect

B, '




R
[ )

»earths but we are only Just- startlng

qupplies of rare earths are not dlffloult an@/very 1arge resouroes

l«
]
~

» o A - .
. N b - ) : G ' - - . -

SN el R . e . .t . . : . .
o . R - 26 f . -
BTN | - - . T @ . g,

H . - : - .

(¢) Yttrium, .gag-t_@rm and sdandium’ s L

N oI ‘ﬂ E.M}§}'w‘ - i o~ . ﬁf'" L
In recent years there has,been an 1ncrea51ng demand fo yttrium

R

and sOme other- of the heavier rare earth elements for“ﬁsa,ln the "nit'

telev181on and other 1ndustr1es.'\ A rev1ew of the situdtion written -
£ NN

Z

by Dr. D. Slater of the Instlﬁute of Geologloal Sciengde, London, is
reproduced Wlth hls perm1s31on as Appendlx Ho, 5 to- thls report The - -

prlces quoted are for the metals and ox1de prlOeS whlch mlght be more

B relevant to plant productlon.are of the order of US i L 5 per kilo-

gramme Y203 at the present tlme, S

¥ . &
n:

\ AS far as, 3utlet and markets are conoerned, the métter 1s very

complex and. there are .no very cleariindications of what mlght be ‘possible.

Another 1nd§strlal authorlty in-a prlvate communloatlon to\Mr. Cameron9
U N Consul o

current - 1nterest 1n raw materlals with rare- earthﬂglstrlbutlon dlfferent

and¥, states "In regard to the rare earths, there: is’ soma

f}omf/;na21te and - bastnae81te. There is no known dep051t whlch contains

substantial thorlum with a paTtlcularly 1nterest1ng dlstrlbutlon of rare

Wo get a useful picutre on rare

<

earth oocurrenoes. While rare- earth marhqts are developmng rapidly in

some dlreotlons, the eoonomlos are oomplloated by 1nterdependance of a

&

numbar of elements from a partioular sou:rc’:e° ‘The only pessible general
comment is that rare earths at the heavy end could be 1nterest1ng but

if they are mostly céerium down to samarlum there is unlikely to be much

’

oommerclal outlet" o,
AN

" Phe p081tlon is somewhat 81m11ar for scandlum._ In gener&l,'

;*‘é

exlst 1n the bastnaeslte dep051ts, in piaceramonaz1teyf1n the Canadian

uranlum deposits an& souroces 1n varlous by-product. effluents etc. . h 

'The econo§gcs are, however, very dependant on -the nature of “the dep081t

and the ‘Alio Ghelle oocurrence could prove’to have some commegclally

L

attractlve faotors in the medlum term and more dlstant futureg

«

4



The economlcs of the rare/

sarths are very complex and could pfobably  ,/ —
- only be Judged by the. hlghf& Sp@Clallsed oommerlcal companles deallng ’ '

in the metals. . . : , - S i o .
‘ ) , - - BERE |
, | o 4, _
General . In Mr. Cameron's 'opinion, for the immediate and medium

\\>term futureg the ALlo Ghelle odcurrence ‘should be judged on its uranlum«

\potential only. Economic exp101tatlon of ‘the- other metals may be posslble

: e : oy
in the more distant future. The mlnerallsatlon is of a hlghly/complex :
speclallsed type Whlch would have no hope of successful exploratlon on a

\small scale by an 1nexperlenoed organlsatlon, but 1nstead9 would requlre

-

-y
£
&

,1gh1y sophlstlcated technloal englneerlng and development

- .
il . . ) B

Regarded as purely a uranium dep051t, some forelgn Government
Wy,

‘organlsatlons and qulte a number, of commercial enterprlses might be
interested if the ore tonnage were proved to be bL@\?nough9 that is, in -
the mult1~mllllon ton class. Ideally every attempt hpuld be made to
exploit all the metals if and wben p0531ble and this could only be done
by an 1ntegrated organlsatlon controlling production,. refinlng and out»
let fa0111t1es for all possible marketable products. o S S f@@?

PRELIMINARi DOONONIC CONCLUSTONS h

Ty T
o On the present ev1denoe, no clear-cut sconomic- conolu51on about e
thehAllo Ghelle oxe dep051t can bé reached. Normally, a uranlum ore
deposlt of d%gg% one million tons with an average grade 51milar to that ’
of Alio Ghdlle of about 0.12 per’cent U308’ with unoomplloatedvrecovery ..’ ‘
p0381b111tles and no other adverse factors would be regarded as. most , ©

probably a viable economic propos;tlon,
v . C . " . ) "”‘.\)- :‘ T )\ .

~

/’The overall cost of recoverlng uranium from thorlte ores of the

AllQ Ghelle type has notxg@t been determlned and 1t is therefore
dlfficult to compare this dep031t with other uranlum dep081t@ when .

© recovery is smmple° L . ' ,$

ki3 B

4
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scale extraotlve metellurgloal testlng should be 1n1t1ated together

;relabed to 1g§atlon such as poﬁer, transport water supp1y9 m%n ng
j%methods, ' e : S : ~-

" . . .‘
’1

A SpeclJl technloal study to determlne the economlcs of uranlum

recovery from the Allo Ghelle ores must therefore be one of the prin—

© A\
'

; clpal taeke of any further exploratlon programme. o ”“f" h;mw;

i
& B ': 4 i
N ~ -

~.

The }nferred -ore. ﬁonnage at Allo Ghelle 1is not at preeent hlgh

' enough but. there -are reasonably good geological prospeots that at least .

- one mllllon tons of ore ‘could eventuelly be proved and this is the 1eve1

at whichgln Mr. Cemeron's opinion, reel comme@%lal 1nterest would start

4

k4

Another problem to bé 1nvest1g&ted is the mlneralogloel consti~
&
tution of the deeper levels of the deéposit. If the assumed 1norease of

the uranlum content end/or, the ex1stenoe of 1ndepe§ﬂent uranium. mlnerals

were conflrmed, the economlos of : mlnlng the dep081t would be 1mproved

i 1
~

- ‘ N ",' . e . -
It is ev1dent that 1ncre351ng interest is belng expreeeeﬂ in this
type of mlnerallsatlon for the mid and long term future, not only for

uranium but to'a lesee\ extent, also for the rare ‘earths and possibly

even for thoriums - .

; | 3

\
Dxploratlon as of March 1968 is at a very early stage and as there

e
‘are sound geologleal p0581b11rt1es for greater tonnages "being eventually

'found both at Alio Ghel e and at some of the other radiocactive anomallee

in the area, it would be correct and justifiable to continue to exploreg'

define and evaluate Alio Ghelle and any other deposits in the area. .
, - s | . A .

/ ! “

I% is- therefore recommended that exploratlon be- con 1nued to deflne

ore onna-ge° If thls exploratlon can’ prove at least one mllllon tons

of SBre w1th the | preeent ore grade” or better then more detalled large

L3

Q”

'w1th studles of all the other relevant economlo factors partloularly

P-4

- . ” + ™ R 4
Y / ' b ‘ s ¥ » 3,
RN 3 . . » L »

' If further‘exploretion,'however, defines the ore bodies.and fails

to prové one milllon tone of ore, then the ooourrenoe is unllkely to
be of further 1nterest oo ,gk:'k. .‘no. . , L
. . : R ;’



) - APPENDIX Wo. 1 :
. . ' S ' )
» "  MINERALOGICAL REPORT FROM INSTITUTE -OF GEOLOGICAL SCIENCES
GEOLOGICAL DIVISION, LONDOM - . ’ . a
. . T A T .
o Qﬁ\?Ource of samples: ° United Nations Mineral and Groundwater Survey,
| S~ ", ‘Somali Republic. Samples Nodw 42 to 48.
~ Sample No, 42" | S "‘” ’ ’ . - ) | >

/ Field description: ﬁqlf core from zéuinch'boreholq. The Project
| | m£n§§alogist describes rock as "schistose _
gneisSic/granitdid couﬁtry_rbok apparently - .
. una%féred". s

h_,i\fﬁ\\mﬁ\ : - | o o
cal< ‘ o

‘Petrographi

desdription: ' 'Hea;iix albitized oligoclase-amphibole granofels. -
- ' \ The amphibole is pleoohroic in gree?ﬁ and yellows
@aﬁd<is probably common hornblende. It is partiélly
altered to magnesian Bhlorite with some rare stilp-
nomelane. Very_smqll drystals ofiggﬁazite ére
\ . ‘ present, but rare, along with minor patches of
‘>i‘ o carbonate.
. e | V . : ‘/’“. ‘
Spectrographic | | - SRR A S N
o~ | - analysis: - ‘ X—ray‘fluoiésoemce‘speotrSmétriq analeis_gavev h
- ‘ the following feéﬁltsz ) ’
e e ¥
N B To, = 0,001 -
LU0y s ¢ 0,0017%
| o Y0, = J(o’.‘ooyfé
A ; .LYihb ' L x
bt Q . : - Q’
/ |
. N .



kTN

Sample NO» 43 ,'.' U S

Fleld descr1pt10n° " Half core from 2%4—inch- borehole._ Project

- j - ﬁiﬁéraloglstydesorlbed rock as; "granite textured -
| country fock’normally ocgpfring as- conformable.

bands of up,to a! few metres width within country

K L '”;-" rook of the type in. Sanple No.\AZ."

: E{ } | | i -

Petrograp ical y ,
“desoripti¢n: s -The‘rock is fairly’ooaréelyqbanded gneiss; The

- N ’ 11ght band is a plagloclase«quattz granofels
' with subordinate blotlte with a 1little 1lmen1te

. surrounded by leuooxene.
- B

ey  The dark band’ is a plaglocl,ase—-blotlte-aamphlbollte
W1th ilmenite and pyrite, Rare pleoohr01o

| haloes in biotite surrounded small unldentiflable

- .- N 1nolu31ons. . Some apatite is present but w1thout

| Npleooh301q Haloes against bi&%iﬁeo‘ | |

Sgectrographlc A ' : \ o

e 1 ‘ . “ 1{5‘

anglv81sz : . ¥-ray fluoTescence spectrometric analy51s gave

the following results:

.

&

Thoé/ = ¢ 0.001%
A - : o
| - ‘UQOB = £ 0.001% o
SR . Y0y = {o.oog%i -‘ - ,,
Sample No° 44 o -
Fleld desorlptlon° Half core from”2%-inch borehole. Project
7 . * mineralogist descrlbes rook as, "altered

mlnerallzed sohlstoseogne1881c type ore".

z

4



7

Petrographloal

descrlpt10n°'

3

1
T

) Spéctrographio

-3

: blotlte~ollgoclase graﬁofels w1th marked B ivfﬁ

" confined to the boundaries between the oarbong%e

’U308 =

- -

)

sqplstos1ty indicated by parallel allgnment of o 8
biotite and dimensional orlentatlon of p;aglow o
clase. The oligoclase is heav11y albitised, and
some relict hornblende is seen mantled by blotlte'

and chlorite. . i

i

Spherulitic %horite associated with haematite .
is very frequently associated with areas .of" '
carbonate and chlorite apparently formed from - .

The thorite is oft%h

4

degradation of amphibole.

'M"

and the host rock g1v1ng a pseudevesxcular appo;r«

ance to the schist.. Otherwise the thorite is %7
located along tension cracks within and grains‘(
bouhdaries between plagioclase graing. The
spherulites are apparently nucleated on centres
upon one wall of the crack givingﬁiﬁcémpleté§,

..
B

spherules.

-«
e

X-ray fluﬁfého@héé;spectrometmy“gaVe the

following results:

: s, et

5 ° 2% b o b4 .
| 0.24% o s«
= O‘- 1 3% )

ThO

U

2

¥,0,

I

The thorlte aooounted for all the uranium and -

yttrlum in thewocku

q
*
By | ?
& v :
. 5‘\).”:;'7‘&:'(“’“. P {
NCER T e _
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‘Thousand short tons commerciall
1Y exploitablei- S s

‘ g, less ‘than § 1O per Ib

by $ 10-15 per Ib

c; $ 15-30 per Ib
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dl Source: European Nuclear Enerqy Agenc
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lvery conservative
egstimate
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expectation of higher gdld prices
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. RS . patches of uran ite.
\ - \
. o 3 i} ‘

Sample No.k45 \ ,
Fleld descr;gtlon~  Half core from 2 inoh bdrehole. Project

';i‘ A mlneraloglst describes rock as, "altered
- \\\. u 'schlstose—gn91881c type of ore with less*:
marked banding'. £
e v , o ) . - . "
Potrographical L ‘ o
description: A plaéipblaéesbiotite gneiss with abundant

%

The uranothorite is spherulitic and in most

- . -

/+  oases is nucleated on coffinite U Si (0, OH),.
A ‘ The uganothorlte is mainly confined to large

. ,/4//fﬂff’ . ' areas whéxe it appears to be a pseudomorph after

~'\’£§\;:17//-N:~ . Lo amphlbold‘ Where these patches are entifely

composed of uranothorlte and coffinite consider-

able quantltles of haematlte are also present,

sometime 1mpart1ng a deepred Tbody oolouf to .

the uranothorite. Dlsewhere, but rarely
the uranothorite is aooompanled by ohlorite

T A | i but without haematite.

'Spectrq§rqghic

analysis: X-ray, fluorescence spectrometry gave the
: n followlng re\glt3° ’

- o | ©, ThO, .. =" 6.6%
S% o 1
A WL Y05 = 0.47%

P 5 Analysis of‘uranbthérita separated from the
| samplaﬁgave ThOé/U308 = 5. The remaining

g I | U,0g 18 accounted For by the ooffinite.

C



Petrographical
descriptions
5,
i A, . i) |
.
'v\' é
\ . |
\
§£ectr5grap;§p
,analygis: \
\
B

#

Sample No.: 46

Field desoription:

o . o
e

. , » .-
. Py ey
o oy R M .
. . . .
>

Half..core. from 2i-inch boréhole. Project
mlneraloglst describes rock as, "altered
mineralized schlstose-gnelsséc type of or99
"similar to Sample No. 44 -but at boundary wmth

granitic type of ore"s . : -

. , . )
In hand specimen the rock can be divided into
two parts; a light part which is a plagidkose
biotite schist with small amounts of 1ntera«b
stitial carbonate and thorlte, the biotite being
ocoas1onally replaoed with chlorlte; and a dark
parf consisting of the above constituents iﬂ
roughly the same relative proportlons but W1th
thqute ma%}ng up’ iﬁout 20% of the’ total.v ﬁ?
“%hls art of the rook the biotite has been almost
>ent1re1y replaced by chlorite. The thorlte'ls=
av1rtually confined to.the grain boundarles betweeg 5
- the very much larger plagloolﬁse orystals and
localised along tension oracks ‘within thé plagio=
clase. Rather large quantities.of haematite .

are associated with the thorite.

X-ray fluorescence specﬁrometry'gave the following

results: : ' ’ -

£ 1ho,, U 5.8%
U3O8 '- = ﬂ 0,12‘73 '
Y203 : 0.15%

]
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T '\i;' u:/;7A Ana1y31s of separated\thoplte from thls rock . C
Sl E TN e S gave results for the three ax1des llsted above '
'};, 97 8 ,,g§?ﬂjii» » :3;7”1& wh;oh were ﬁn ‘the same relative proportlghé sb -
fff?g'g”; ?}'3ﬂf_ L " - that the thorlte acoounted for all the uranium

S N h o and yttrlum in the rock.

C ) B .- . . 5o
L . . . RSy oo - , Vv \ s, A S
. : - \ ' e . . s oL

Sample Nbe 47 o " e E

&_:v7{%.f‘ Fleld desor;ptlon~.,ﬁalf\core “Prom Q%wlnch boyéhole.v Pfgjéct .
o . >ﬁ:M1neraloglax descrlbes rock as, “altered
‘ 5 %mT’MIHQIQllZGd graﬁ}tlo~type;of Qre"'v” ST
: va - , * Pet{ographlcal | ?f*f'  ’ i G T o f'
e:‘“ o de@érlptlons . ’.Orlglnally aSplagloolase rich rock w1thfb10t1te“
- - /f’ s f”The “ock is albltised and skeletal biotite red/insf\

i‘_j," | _,' ;? f o J.{ 'lln plaoes. The most interesting feature %f this . ¥
w : A‘hli seotion 1s-that-there appear to be. large I R
I ?;f'ﬁ;_-w.‘ -‘-geodes yhlch are. zoned w1th thorlte rims and

- ."’ f‘f A" L - p3851ng 1nw&rds into quartz whlch has§overgrown

e o f. ,'-\ R ‘r9116% rlms of oalcite, apparently replacing the"

R Lo R L ’ /( oarbonate. _ ) . ‘ Ce .o

'.fl " s . ’ . “» @ < ' ,\‘ . L4 N . / W‘t-e - . -.‘.l,\ Coa ‘ ’ '

N C v : S A8 e - . .
e Lo e e R |
g{fu*_“\‘ﬁ:F%Spe¢trqgraghlc” 5 - T ‘ o -V,a\A- -
. 0 . bnalysis: - X-ray fluoresoence speotrometry gave the '

R R * R o - L ] 1 &
S C— : S follow1ag résultS°' - _ oo ',‘//
S . - : N . v i o . . . N (,w _
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. ‘:The thorlte aocounts fqr all the uranlum and L “.'m
-yttrlum,ln the rock%, ¢"ﬂ K \_,g
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Sample/No, 148 o , | R
< v . k] v

f T Field descriptions Half core from 2 »1%ch borehole., Progeot
‘ o " : S mlneraloglst deeorlbes rock as, "altered | ;
granltlo type of ore Wlth some ferruglnoue

[ e . stalnlng" - A
o : ;«w// - e © . g . ' ® . T
.,\ o Petrograph;cal : L : _— ;
o

ﬁ- " déscrlpt10n4 ‘ ,A very coarse gnelss orlglnally with large
- , . j' altered plagloclase and mlorocllne cryetale
| oracked ‘and b?oken;' the{velnlete forméd
e e o ﬁ_ | being filled Wit£ dégregates of thgfite~eseo— o
W e f01ated with well-formed cllnoohlore and blotlteg_
| L Some ve81$;iar structures are aleo present w1th X
. X ’ { | o _‘ a elmller nature to those described 1n~Samp1e
- P o . TNe. 47, ice. marglne covered Wlthatheplte grading
R -+ - inwards through oarbonate to qua z;h; Although
‘»¢°‘«1"¢a . the craoke in the feldspar crystals%usually S
o . R “jcontaln thorite, cracks filled entirely with

A -lcarbonate are also found. '-.=ﬁ£§ L e

Spectrogreghlc o : | ‘ \: e SRR

an31£818° IR " K~ray fluorescenon spectrometry gave the

S following reeultS° T

.
M . - - .
. - . .
. - ) . 4 ¥ «
N . . L - . Q s, . . ] } - o o
- . . , IS8 N . ' 2 D
. . - . - L. oo
-~ . N . B . A )

-

P ’ ", - . , . ) 1. -] . " °

O -wog 0EE T TN T T

. ) \ .

i

H

. :af? ‘The thorite Oontalned sufflolent U and Y $o' T

R S account‘for these elemente in the “roek."
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1ntroductlon of thorlum, uranium and small amounts
", of rare earthg, along widh gilica., . The fact that

uranothdrite, identical in appearance'tO*the

2

o 4 ‘ spnerulltlo thorlte commonly found .in these rooks,

“is apparently nuoleatod upon coffinlte suggests

ter

o

‘Ygunélereet; ﬁ,B
8'3anugpy 74968

. o | ot ,' . ‘ }'/)(1 ‘.ai; o .
ffﬁ = 36 - ) ‘b&
e S < : Q o i
16rigiﬁ:j ﬁ,_ A complex éf ban&gxwgneisgéé inoluding gréﬁitio  a
. ;H“QK\‘f and plagloclase amphlbolltlc bands has undergone )
‘  >< | later possmble hydrothermal retrograde alteratlon
. _ N along cortdin. bands with extenslve albitisatioi
- nlj' ‘\\ of feldspars, the - productlon of ohlorlte from | (R
- R ““biotite and the alteration of amphibole to oarbonate
| ‘ magne81an chlorite and haematlﬁbo Posgible con—;,
comltant with -this. nydrothermal aotlon was the | ;

that the’uranlum bearlng solutions may have~pnoqeeded‘

the thorium in certain cases. S
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Prellmrnary Report of the results obtalned from the stuig of Cbre'

A

Optical observations. in-thin sei;;onss AR
N . 4 . . .

~.

Sample 42

s
ado

1

Sample 43,”‘
‘ o

IR « |/

/

n

. Sample 44

>

'
N
t

e

~ Sample 45

.

i

~,
)4

/
S

£

; and monazite, - R S

R

samples from Somalia Th/U ooourrenoe

-

we v . AN 3

. . \. . RS -
v . 3 - . ©
1' . s - \ s 'J“.\" ’
-
‘ .
’,
Yrmn

FeldsparS—amphlbo1e~Q10t1te schlst Medium gralned
Qanded rock.

ﬁbundanoe are- Feldspare alﬁef%d to varlous degrees,

e o
‘hornblende and biotite (1nterst1t1al), apatlte, zitoon

W,

A ?‘v
Feldspars—amph1bole—blot1te rock Wl*h llttie quartzo
Generally s1m11ar to Sample 42, but maflc mlnegals
Bent

lamellae 1n feldspars and straln shadows sugges\

(honnblende and blotlte) are less abundant

‘metamorphic origin fdr the namod rock
1 A . . .o ) }

Jooa .

Mlneral prébent 1n order of deorea81ng

Bandedﬁbook fundamentally elmllar tO'uamples 42 and 43'

(™

but extremely altered. Replacement of prlmary .

K

. mlnerals and depogﬁtion of seoondary m1nerals 1s '
| Wldespread . Spherulltes and botry01da1 masses are .
fllllng spaoee*ﬁgi%een feldspars and appear to be |

replaclng amph;bo es and‘%lotlte _to varlous &egreee,_

Usually these nasses have a. core of a cublc mlnerai

Completely altered and replaced Ooea51enally zircon

is foundqgt the center of the spherulltes. e
3 ‘ : ,%' : .
Medlumpgralned rock very S1mllar o sample 44.
: Bbtny01dal and globuler_masses‘are\abundagtvand.,,i_
»oommoniy'shained,by‘pbeeibly'iron oxides;” Inter=

s?1t1al oalclte 1s oommon,. Ooaaslonal oolloform

maﬂses9 bl.gclc--greenlsh9 appear to be_piﬁﬁhblende‘ N

N - o k.

-

3
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" Sample 46

Sample 4&’
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u,Slégiar to*Sample 45, 3
 but the mlneral assémblage is very 31m11ar to. the o .

'_preoedlng one.» Iron stains appear however %o ba

-,less,
' . SR .
N ‘_-,\ "Q._ . N - " .

L ~'«1w- #

: Slmllar to 45 and 46 but not banded and coarse gralned o

‘fReplaoement ‘and alteratlon 1S»extreme. The same . - s

‘ftype of botry01dal and globular masses are present

O, ‘ocoa81onally with very flne needles of an opagque

mlneral whloh coild tot be 1dent1fled Oooas1ona11y

oolloform—magges appemgfto be pltohblende.

-\, . o

' . - B . i S « PRREEN <

o . . - . . . - )
s

. . 1 * Sy ) -~
Slmllar"to the preoedlng sample but\hornblende is not

present and %heAblowlte shoé% leachlng effécts.

- ! = . g : ,j" 2 . & 1
: R - o K ‘“ff S S o T EEREE
.Opitcal observation in poiiehed gectiong: \é@ o
o PR - ' . , _ .
, AR [, . e R )
- N ) . " e ) ‘ .. . 0 . PSS : ] N .. .' .
Sample 42 Pyrite and some galena, BYoth. in very small amoymts. -
A ‘ A - ¥a, . . ’ o . - 7 :}G&s
' Sample, 43 - Pyritey small amounts of galena and some ilmonou R
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. All the samples have been orushed and sleved and ind1v1dua1 b
' ffragments have been separated Mineral Seleoted from the @80 D
L fractlon were analysed us1ng X-ray dlffraotometer methods? -'_gé--
e e . C . - ; v :" —_ -, A . -
~* Results follow: L s L T e F S
. f \ . . . -' o ’ v . F, h ' '
- -, Sample 43 - thée dark mica is hydrobiotite ~ - - LT
Sample 44 - a) whole sam§<e;a hornblende -albite . -
i . ' ) " - . , . ' © . . 7 S
+ . .0 b) reddish black pellets: thorogummite.
. ) . o , ' - o o ‘;« '“. . s
_Sample“45a— Reddlsh fragments.\\\horlte or thorogummite :
.' ) v J . \ @ -
’ - Sample 46 - Whole sample: feldspars;.chldrite (dhamosite) B SR
N | thorogumpite. " - R
} . S gutmg . ' L | SR |
- . . ) "":w ) i» ! . - . @ BERAY
Sample 47~ a):~wholp samples 'fgldéﬁarsr thorogummite - g St
, o " . (thorite?) . ! « 1 S
q . ¥ - ‘ - g o . " » \ )
b) red globular masses: thérogummite (thorite?),: .
s . - . . . kY . . ) I L ) .
o . ‘ . some hematlte R oo o ..
“.‘ta‘! - - i A : K 7 - v .'
. . o)”»@ark brown masseS° quartz and thorogummite °. = [ .
R (thorlte?) > S P
‘ ‘,'Q‘ . Q: . } . | J ; “ o -~ © . N . . ) . L
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The desorlpt;on of thonogummlte as glven ~in Frondel, does. nok

. . .
] . T Nf’ Y.

_ Qulte Qonrespond to the mlqeral that produoes constan%ly the pattern
_f*_, - - of thorogumm;té\\;n pray«anayy81se. L Lo hs

i + [N

K

e

J S ~ @
£ v-.. . . N .
L N g - Yo 1 ] o, K] . =
L

S , ke . oo e
ey . EN '

E ‘; Mest of the spherulltes or botry01dal masses contain & rellct ,
crystal 1n thelr ‘core. Could have been thorlte or ferro%horite bu%

;t‘;s at*present altered: ‘and replacedauj; : .\' R

! A . i . N ' . .
-~ . . - - ' . . . N
) ) . . . A . . . La- . . D A
v N - ~ 1 .

Dlstlnotlon between thorlte and thorogummlte oannot be obtained

' by eray methods beoause b@th minerals, produce, fundamentally, the
- A A . . "
SN aame patternp.. P - e N .

: »
W S Y “ R
b : . b, : . : el : . Lo

Other minerals (sam1r931te3.olark61%e, ourlte) oould be present

'1n the aggregates 1n amount below the 11m1t of sensit1v1ty of K—ray

A

methodsof' More 1nformatlon go;}d be obtalned through separataon w1th.

i neavy lignids and analysms 'of deparate fraotions, but more- tlme and

work Wlll be required. » : R L - A

- S

N \ . R . {,"
B . ‘ Sy
- L3

," \Qooaslonally the spherulltés oontaln rellcts 61 21rcon and/or

monazite. - Both mlnerals may contaln uranlum, thorlum and,yttrlum. :
L G . ’ . 5 “ : . ' |
R - . R X . o‘ .

= L Uranlu@ ox1de, pltohblende varlety, appeats to ‘be present in

o, of secondary. orlgln. B ;‘.. . ‘ _ -f“j 
- o® ) ". : © 4

E Some of the monazite and 21roon orystals are very fresh and .

0
3y

&«
-

. 35 o reiatively abundant 1n many of the samples° ’;...

. A ' P’ o
Thorite and the secondary mlneral mhorogummlte could very well

5 S acoount for the uranlum content of the submitted samples.
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colloform masses and as. ooatlng in the rock: 1nterstlces and is probably
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- APPENDIX No: 3
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. 'CHECK ASSAYS BY INSTITUTE OF GEOLOGICAL™

s

SCIENCES, LONDON

RADIOACTIVE SAMPLES FROM SOLALT REPUBLIC

A

© ANALYTICAL RESULTS =

1.
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co | APPENDIX No. 3 (a)Contlnued ;
LR Sample Length 7 ThO X Th02 % U308 < UBOB' % y203 41> % .Sa
» -:,*im‘ . metres XRF  RA XRF NA ‘A\k XRF OB . OE
- M31 73,00 3.6 0.10% -
“ .32 3.00 3.5 - ﬁ - 0.15 ot
- - 33 . ' 1 080 3&6 - ‘ . 7 0009 A
34 2,00 4,0 - L 0.10 .
L35 2.0 2.2 . .0.05
) 36 - 2,50 3°1r\\\\\wgi ' 0.05 .
37 . ‘ ‘} e 50 1 0.3 . ¢ ' 0. 05 ‘
38 2,00 1.3 . s OoOS,
39 96.40 3.3 3.6 0.13 0.08" 0.02 0,004
.~ 40 15.00 =3.5 4.0 0.14 0.09 0,02 0,003
o 42 Min. Sampe ¢ naa. [' - 0.003
. o v
. . T43 " n.d.- : 0.002
'4 . . | 44 u ] 1&\55 - _5202 , ‘ \\ 0,13
e I s T JOR 0.17
o 46. M _é'n” . 5.8 0,15
AT n " 508 0.15 ¢
v, 48 o " 10.5 o 0.28
gédg“%' not detected. C ﬁgﬁ'
XRF@’ X-ray fluotrescence, analyst ML. B ‘} Réynor )
;' RA ”Radﬁometrlc assay9 analyst Mr. E.J, Raynor : - ‘
N NAv  Neutron acﬁlvatlon, analyst Mr. M.J., Brovn |
i - OE Optical emlsslon spectrography (semluquantltative determmna~ .
; N '~ tions), analyst Miss D#f.M. Hosking (Chemlstry and Ceramlos)
o Unit, Gray's Inn Road Office). ’
S Cémment : The Xuray fluorescence, radlometr%g and neutron actlvatlon -
é‘ : results for theimapresentatlve samp;es 39 and 40 are 1n good agreement.
With the radiometric detectors used, 0.127 U3O8 is equlv&h nt to 0. 3% |
e Th029 80 the ThO2 contents caloulated from the XRF results are 3.8% \
~/ A
s and 4, O% for sampkes 39 and 40 respeotlvely, ag compared Wlth 3 6ﬂ
&0 e an& 4¢® % by radlometrlc assay. /
e R | . :,N ) - “q
Lo - . oy ;
,J t 1".1‘ o ) ﬁ '
F' -"" . \ "‘ ’ } -'
s ' ° L t ) £
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Check Assavs by “ldorado M;nlng and Beflnlng Ltd 5 'Ottaﬁa? Canada

Sample | Lon. Analyst Analyst Analyst  Analyst -
UN Met. i - -1 |
o ‘Uranium Uranium . Thorium Thorium.
* R&D No. A Og % Th
L 3% |
605-222- ct(b) 3.40 0.100 0.100 .t 5,05 511 ,;/
: -2 ceéb) 3.000 0,111 0.114° % 3.71 3%97 - /-
=3 ¢3(b) 2.00 0.121 0.122 ,Mﬂﬂ,,ﬁm 1.73 1.92
O N -4 04 g% 3,00 0.037 0.037 A° 0.23 0.31
=5 ¢5(b 3.00 0.060  0.067 . 0.95 1.08
-6 / C6(b 2.00 0.038 - 0,043 0.68 0.80
=7 C7(b) 3.00 0,054  : 0.053 0.55 0.74 -
-8 (8 bg 3.00 0.142 ' 0.149° 3.25 3,19
; -9 09(b 3.00 0.142 0.147 - 3.51 3.88
\ -10  C10(b) 3.C0" 0,122 0.129 3.55 3.88
<L -11 Ab11§b) 3,00 0.201 0.210 3.16. 3.09
“ -12 C¢12(b) 3.00 - 0.167 0.163 2.78 2.60 .
-13 C13{(v) 2.00 0.091 0.083 2.76 2.63
-14 C14{b) 2.00 0.164 - 0.167 " 4.10 -
-15.. C15(b) 3,00 0.112 0,107 2.52 2.37
s -16 'C16(b) 3.00 0:170 0.166 - 2.76 2.63
-17 ¢17(b) 2.00 0.170 *-  0.175 2,67 2.50
~-18 ¢18(b) 3.C0 0.234 0.239 5.67 °
, =19 019(b§ 2.00 0.140° 0.149 2.39 2.90
~20 020§b. 3.00 0.056 0.056 | 1.76 2.23°
-21 C€21(b) 2.00 0.051 0.049 1.88 1.92
22 C22(b) 3.50 0.049 0.050 1.27° 1.19.
-23 ¢23(b) 3.00 '0.080 0.082 2,01 1.75
-24 C24(b)- 2.00 0.050 0.048 5,07 4.95
~25 €25(b) 2.00 O0.111 0.112 3.13 ¥ 3.46
-26 026(b) 2.90 0.168 04185 4.43 4,89
=27 C27(b) 3.00 0.053 0.051 2.26 g
-28 (©28(b) 2.00 0.179 0.173 . 4,90 .
-29 029(b) 2.00 0.234 '0.222 . sk 2.82 2.93
> -30 ©€30(b) 2.80 O0.111 0.100 3.68
=31 ©31(b) 3.00 0.176  0:183 2.78 2,63
=32 €32(b) 3.00 0.157 0.172 - . 2.73 - 2.93
+ =33 C€33(b) .1.80 0.139 - 2-93° 2.84 .
, =34 ¢34(v) 2.00 0.119  0.113 . 0293 -,
=35 €35(b) 2.40 0,115 0.108 1.64"
7 - =36 C36ftb) 2.50 0.117 0.109 . “1.54
3 ~ =37 037(p) 1.50 .0.100 0.095 - e 1.38
{ -38 :038(b§ 2.00 0.042  0.047 %.43 '
L ~39 "C39(b) 96.40 -0.133 0.132 ©.3.00 - 3,13
| ~40 C€40(b) 15.00 0.123 0.121 " 2.9 o
g . ' |
]
f ‘ &A L .
| & - -
| R ‘
‘g | K R
,f . & 7

i
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T
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4N HN039 increased the extraction to 72%. For the latter test the
 usage of 70% nltrlc acid corresponded to 0.6 tons 5\}\ton of orej

leaching testwork. L\\\~/2> e é%, , S
. | , 2 : ‘ | .

APPEVDIX No.‘4 | 5‘ I @**45

 PRELIMINARY RLPORT ON AMENABILﬁTY TESTING OF SOMALIA ORE BY WARREH

SPRING LABORATORYY STEVENAGE ENGLAND

v

The - representatlve Q%W£§51te sample, 039, oontaﬁ%ed.U308, 0.105%;

3 less, than 0.1%. . The. same rﬁgé;; was obtalned fory

yttrlumln 1n the sampf@ of hlgher grade seotlon, C40; thls was fcund to ,

Note on DireotyLééching Te§%51~ h ’ <

Prellmlnary leachlng tests on “the oomp081te ‘gsample 1nd10ated
that the Qre contalns alkali equlvalent to 8% of limestone. Treatmént
of the materlal as, recelved, di.e. 28% minus 200 mesh9 was not S&tlSm
faetory as b0111ng 50 g of ore for 6 hours with 50 ml of 4N H,_ SO

_extraoted only 24% of the uranlum° Grlndlng the . ore to all mlnus 200

mesh inoreased the leaching efficiency to 42, and~to 81% when the
solution to ore ratio was doubled. When 50 g portions of finely

ground ore were boiled for 6 hours with 50 ml aliquots of nitric acid

solution of normality 1.6, 3.2 and 4.8 the percentage extractlon of

uranlum was, respeotlvely, 4.4y 29 and 41. Doubling the volume of

A
whilst the best result an extraotlon efficiency of 81%, was obtalned

using 0.4 tons “of ‘sulphuric.acid per ton of gre.

. ;. o

physical methods for the produetlon of a c?p n rate

If sush a conogntrate can be ob%tained it wil be used i

-,
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thé~on Premconcentration Tests.

APPENDIX No. 4 (Continued)

;@:

the orlglnal -T2 mesh fraotlon..

Sample C39 as'received, contained

".43% + 72 mesh materlal this coarse fraction was ground 1n a small

A sample of 1, 61 kllograms of "this
materlal was treated on a small laboramory 81ze shaklng table.

.mill to oomplete the llberatlon of the thorite and- re-oomblned wrth A

concentrate and talls fractions obtalned amounted, respectlvely, to 7%

As/the orlglnal sample had been ground to 44p - 200 mesh oareful
‘,grlnilng of the ore would reduce the loss of values .in the table
talls and sllmes.

: butlon results are- as follows° e
) & ! Assdy % “

5 TRO, Uy0g
Tablé'fegd ~ "'..3f3 w041 -
Concentraper ' ‘\'  30,d ; Uvb 83}’7
.Talllngs | | | T;svz" 0. 06. f
{Sllmes (3aiculated) ‘:r ( 0.7 ) ( 0. 04 )

v & : - Y

. " - gigned:

,‘1;5

“and T1% of the feed and “there was, a sllmes loss ‘of 22%

AAS

“The distr1~

53.2

North

4

Distribution
Tho, U0
‘1065 100

63.3

32.2. ' 39.0. .
eS8

A ooncentratlon ratlo of about 8 ] is 1nd10ated°

@.!



S APPENDIX Noi 5 '

A

”The-demand for rare earths with partibulap-reference'to that4
- for yttrlum, gadollnlum, thulium, europium and erbium. Prepared by
Dr, D Slater Institute of Geological Scilencey London 1966,

.
. Lot §
i Z ‘ : et
o " " S

Al

Slnce the early part of thls century. and until the last deo&de
the degand for the rare earth (RE) metals has been v1rtua11y synoymous
with that for‘Mlschmetal, a orude mixture of the RE metals, utilised
as. a giiﬂding7agent in the'gWQés indusfr&, for ailoying with iron to i
produce lighter flints, for %the cores of aro light oarbons and mis-—
cellaneous other applloatlons. However more strlngent requlrements,
partloularly in the teleV181on, metallurgical and *nuclear power 1ndustr1689
7 - Have recently created a demand for ‘the purer forms of 1nd1V1dua1 rare ‘
earths, notably for europlum and yttrium. - Several large conperns h;ve
therefore und?rtakenxthe separation of ﬁhese elementseén a_odmmeraial
-sgale. l | i a
) ‘ .

The reoent inte:est'in the{marke%ing of purer rare earths may be -,

< . X , 7

meésured by tHe degree\of ogmpaﬁ& activity in this field. . A new .
,'concern, the Tttrium Cgrp. of Amerlca, has- been formed to produce
pure yttrium oompounds in response to demand from the television
~ industry. The shares are held by Pyrites Ltd., which is owned. by the
Rio Tlnto Zinc Corp. and the Molybdenum Corporatlon of America. A

plant to be bullt in the U. S A. W111 have an 1n1t1al capacity of

180, 000 pounds of yttrlum ox1de per annum”\and the raw materla”ﬁ

be de;}ved from the Rio Algom Mines, lelted 1n Canada0 Molycoxrp '

is also*in the act’ of spending 2. 7 mllllon dollars to expand its

capacity for produotlon of a new concentrator at the Mountain Pass

mlne, a doubllng of the present productlon rateﬂof europium oxide to
{' 20 OOO pounds per year and a new fac111ty for the output of praesodymlum
and neodymlum oxides. . %%e new capadity will total 30 million pounds
of rare-earth oxides. ~ The purchase of the Vitro Chemlcal Co. of
Chatbtanooga by W.R. Grace and Co. ia 8180 - notable and glvea the latter
-& wide operating base 1nAthe RE field. -



e = AT -

Much of thls recent actlvlty has resulted from the new europ1um~’
5aot1vated yttrlum vanadate phosphor which is employed in colour tele-
. v131on to glve a truer red and a better colour balance. The most.
ffsvoured comblnatlon for thls purpose is europium addsd to yttrium
orthovanada%e in the ratlon of 1 europlum atom of 19 yttrlum atoms,

. but other combinations are pqsslble. Eurcplum is reported to be
effective with gadollnlum orthovanadate and rare«earth borates and

phosphates have received attention.

A

4 -

of recent interest tpo, is the use of yttrium 1ron garnet or
yttrium aluminium garnet in microwave dev1oes1 The latter materlal,
doped‘with neodymium, is said to operate‘athrgom'temperature, cooled
by tap water, and to support‘continuous laser aotiosgusing~a tupgstéh

Led

‘filament lamp source.

In 1962 the Crane Company announsed the,dsvelbpment of a ffocess
forkproﬁuoing'nodnlar cast iron usingﬁyft:ium"ﬁefal or yttrium a;léysf
as the "nodulariser" Yttrium has the désiraﬁle'properfies of the j‘

conventional nodularlsers magn651um and cerlum, but not thelr U~
‘€d681rable.propsrtles. This applloatlon represents the flrst potentlal
lafge gscale commercial use of a heavy rare. earth 'in "pure" form.
"Mlschmstal has, of oourse, been used to’ 1mprove low;alloy and stalnless
steels for some years, “arfd as f;undry experience is galned with yttrlqm,
1ncreas1ng 1nterest in its applloablllty ig to be expected. Yttrium
addltlons to 1ron chromium alloys 1mprove/h1gh temperature oxidation
‘reslstenoe and in chromlmlt retards nitrogen absorption. It can also-
be used as a contalner for molten llthlum, dodxum, potass1um and |
cerium and ;ts non—reslst1v1ty with fluorldes has led to suggestlsns
that it might be used as plumblng for pr003881ng fluorldes. In
these last funoctions it would compete directly Wlth oertaln refaotory :

metals and w1th plastics. o ‘ e
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4 the treatment wof about 18 million tons of marketable Floriﬁa pﬁbépbate %

*

o °
g

. RESEBRVES

\n ’ . ’ . 3 . 4
‘No flgures are avallable for reserves of individual RB elements. -

The world's largest reserve, 5 mllllon tons REO 1s71n Callfornla -
bastnae81te at Mountaln Pass, Indaa, Australlay Brazil, ﬁalagasy

and Malaysia all have large reserves of”mona21te, but bastn3651te is ° L
now preferred by RE producers who. have dlffloulty in flndlng markets
_for the thorium contained in monazite. Altsohuler (1966)-has p01n§ed
to the poss1b111ty of doubllng preeent productlon of the rare earths

do

as a byproduot of wet process phoephorlo acidy Moreoverg he estlmates
&'

‘ that 3 OOO~4,000 tons are annually made avallable for reoovery from

o

‘-"‘ M
-"'» «.

rock alone.‘ Suoh marlne phosphorltes are . relatlvely rloh % lanthanum ":ﬂeew‘
and yttrlum at the expense of cerium- &Qﬂ tHe llgh$er rare earths,\ln : (*%&K .

~'P‘

contrast to monazmte 1n whloh the reletlonshap is reversed. However,& ; *ﬂ.”‘

it is presumed that the technlcal dlffloultles enoountered in eoonomlo‘

extract;on of the rare earths from these waste 11quors would be JV.

-

. T @y . : v v
con51derable. , e e ’ o . ‘ ¥

l: - _4 B ‘» ’ . Ky - N . . -t ¥ - ' N
Prices = = B

¥ a

. 4
Prlcee of the pure forms of metals and ox1des vary greatly _
accorélng £0 . purlty and’ ot s1ze.‘, The follow1ng areﬁexample ‘priced - S

v

at the end of 1964. R . B T

Yttrium R e i T ‘ .
SR s . s : . : . A

o

Meta1 —:Cohmercia1 Grade 75 per_lbg‘ . , ' e
3bd per 1bq¢.“f'; . T ‘
uble dlstllled : 500 per 1b, v~
11;.‘)’ Grade .. ; 24~50 per b, . s

o L

. Nuclear Gra&e

s
5B B 5

52
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