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The :prino ipal 0 bj eot·ive of the Ut"!}ted 'Nations Spe.dial Fund Jj
. t '" .• •

project, M~neral and GroundwaterSurvey, Somali Republio, is ,the searoh
, , 'I ' ' ,I . \

'for mineral deposits of potentia:l eoonomic valueo 'As a res'Ult.9f
• <It

" .. 6 ".. .. I ~ .

geo!ogic<;ll and geophysioal surveys c'arried out f:r;o,m .1964 to ~ 1'96~ ,in' t,he
. . ,,' .: ~.

Bur region ot' south,ern, Somalia, adepos'it of minerals oontaini.ng rthorimn,
_ :- 'l"" '.. r

.,:,uranium,and' the rare ear'ths'yttrium, ytterbium and scaJidl~ .was p.is,:"
:.. .(}. 0")' •• " ...

, ~

,covered at Alio Ghelleo ~

'.'

, 'i' •

Exploratory cl.:Cilling;>Burveying and sam:pl~ testing is being
',' '\

'continued by the prqj~ct team and i~ speoialised .laboratories in,' order
~ • t-.'

,;; to establish the" ,extent,: ?f: re,seives;' de,termj;t,f~ ,t~e' .bBS~ m:ln'ing ':a~d . ~ ~

, ,e:x:t~a?ition, me'f9-0al?, and in othe;- ~A-ys .. to' d~t'i"ne ',its' eoop.om,j..~. I;~,~ep.t}~l.' '\.~. ( .":~ ~l"~ ~
• ,; _~ ~', ."": '. , ._ ~I- ... ,. • :"', v." -".," - , _. " Q?>'. ~}. : .~ r' ~ ,..~:'~ ~ ."'... ~_: ~,

~'. '~, . ",T,hepr.~~rn:" :re1?Q·~t .$u~~a~is'es," ~~~/~.ge~l~).g~oa:.~~., ~ilfer~lo~i~~:Dp:.:~~el~~, /'~:. :.< .~; .. "~. : ' '::':~-:> ;1J>
.':.' • alld"e~6xW'in~c l~ntorti,,~;!i?h'~b.out .,till!iit~os i t·thr~ ,~arC~~~~8~;;~ i;rr.jl::~J,;: ,; .~ .,., .,. :c •
." as.aist,ahoe. of Mt~ J:€t'mes":'eameron~of the Int'e,rnaiional Atomici<- " ,:..1~· ,;{~:~ . " . ~

. , ';A'g~no'~'ri.~," \r~e~na" i~"Ii~~paring the: report" is,.'g~~te.rttliy~a~·kn'~·~;'~J·g~~::~X;_:'''~\·'i . ,~,,: "
, .' ''':)'C'' .:A--",'. ' " • '., .• '. : ' " . : ~":\",\ ""~';'::',':':,::: ~., ,'. ", ".1 .
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and. drii;l irllg~ ~rilltng'
"

whi~h? ~rill, hole NOo-,2
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mai?ly ',obnt:Lned to
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SUMJ\1.ARY 'lND PRINCIPAL I'RTIJCOMMENDATIONS
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.The heavy
~, . '

Th02 ... 30%; ,U.30S

, .

, ..

Ore tonnage is, presently est:\mated 'a"t.250,OOO me,tric :tons, 'on the
• • 1-. • ~. I

basis of drill,hole,s Nos. } and 2' only. " ?:he limits ,of mine'ralisation,

/howe~eJ;'" are 'not de.fined either in depth' "or laterally, :and geolog~a~llt

and epatia,llY there~.is· a· good. possibility'pf greater tonnag~s- eventua.lly
~ ',' --

I ,

:ba in,€' proved..

,',

,
"

~
~. W "I',-~ ':~~

('::,., \ ' - ' ,
, , . , ~ "'.. , ' . ,

, The ,AlioGhelle radioactive mine~a.l.'occurrence ia situate,d a"qout
_.'"1 " ",:...,., '. oil> - "'\ ........~ •• ~

290 ki19met~rs "'«;,.~est,,:n?rth.-west of Mogadis,cio" Somali Retlubli6'~""," The

, ,'.~ 'p~tintr-y: ,~o'ck is Frec'ambii,an .\~iot~ te. gn.e~ss intruded' 'by ~~yeniti9' and ...
. . , .. .. ..,. l' . ,

,,' g:r:'anit~? :bands. RadioaGtive mineral':lsa.tion. ie"ma~nlydue to. a., thorite'
" . ) '. ~' <-,.' '.' '. ' " f. 1:' " . , ' ',' -

, . ' l-epl~cemerit but, th~" ..nature of: the bre contr''61s', h~ve ,not, yet been det,~~-
/ " " , ... , ',' ,t.' " ' ••

min~:~:..·: Th;rium, 1Jran'tu'm, yttrium and' small, amounts of yt,'terbium·-and'
" Q , , ~' .1-

e,oa.~ndiU:m· are the potent.ially exploitable meta1e ~ ,', ' , " I.• ' .,la . ...
. IlO"}",

j I~· ._-~ "'; '" ~.

~~J, ~ . Projeot work consist:d' <5f -gra;Ping;: tl'enchi'ng

"~ . '. totalled., 320 me~~es in,six: vertioal hol~s; one of

'rea'oh'ad a depth of '121 • 4 metres. ' .Mineralisatio:n is

, this hole and to the 36 metre' deep 'd,rill hole~; No. 1 D
~:' :'
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Marketing posf;3ib~l'ities for thoriUllt' are very ·limited at the present, '
... ~,)~<...

'.., .
time' an9- doubtful in 'the,~distant future,. The possibil;iti;as of finding "."ni ,,", . .'

a market~or a ~horite concentrate veJ:Y rich in Th6~ (30%) and,~Oinpars~ive1Y

riohin U3,oe (0 .. 83%) mus~ ho~ever be investigated. 'There is a'clearly

inoreasing interest in new uranium d~posits and this metal is likely
'!ll,. , " , ? :,.

to oO,mmand a market from the early or"mid 1970's at about us $ '17.50, per"

, \

• • o 2
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I " "..,
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grade
in')a '
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found; it would

and evaluate-'

~'Il-- " . \'
can be devised then tEe averag~'uranium.' "p.ormally be econoinio~lly aa,oeptable

'.

"

""
....' .

. . f .

\'

'.

,'~

'Jt.. .. • •

e~onom~c p~oc~sso

. {

'"i ' '

. 'AmenabiTity testin'g of the ore ~yvTar'ren $p-ring Laboratory, Erigland,'
"

• t. .'{1

inaioates tliat· adirec~ chemical,'leachingof the ore, is 'economioally
f .' 't' -. ,'. l' "

·,'impQ1Ssible.. Physical' pre'.-conoe'ntration tests are, however; ,encouraging
.,--------:- . . \ ".

and, in t~e o:pinion.~f' Mr" J. CameroIf' UoNo Consultant, suggest tha.ta~
, ~ ,

sui'table'pre-:ooncentrat1on process followed by:acid·leach.i~g'of'oonoent-
;. .~ . " . '

:r:ate and selective repover\V of the uranium ~ay p'rove to be a: via;,\>le

. -/.

.. 1t!19gl:~.1)1 T'J'j0a' Sub§!tal?-t ial and .se":lre long;..term supplies are :J,eli~ved
. to ,'be ,.an essential feature of' any' fu'ture i"lroha;se c0ntraot.. yttrium,

\: fl. • I ',.J - e' ~... ~ ,.' ...

'._ ~_ , '_', ". __ ., . -~ - ,',l _ _ ,"" __ '. _ , _ _ .. ••',' _ .J:

: ',ytt-e:rbi\tm and ,scandium are subjeot to very complex mar~eting,eoonomics .
• ~' ..... "" , " -" ; • 'It'

,s,htia';e not in. imrn,ed.,iate 'demand but, the ,pos~ibil'itJ.e~ for ~ale in the
:~'!. .. . ,. . -. '"( - .. 1' '

;. etista.nt. fi,lture may· be gen~rally improving..
~~. .

~-

.. ,,,
._, .. ,." t'

.~o:.. "..

.'
d ,.:

",. '

" ·'7

, .

~ ,

The~e is insuffIcient inf6rmation at present Qoncerning the grade

of ore and th~ mineral.oompo~itionat the levels of the deposit deeper
. ~

than 126 'metres,. Taking into 8sco:unt the fact that most of the study
, "

up t·o ~he present t-ime was limited to the ,alter,ed upper zone of the, deposit,
...

the exploration of'the deeper lev,ers· ~ust be considered as a major task

for the further prospeoting programme.' The da,ta obtained on the grade

and the mineralogical, oomp~~tion... o~~ the ore at the deeper levels must

oomplement the data already obtained, tq arrive 'at an 'economic evaluat-
'"'i9n of the deposit. Laborat?ry and pilot plant tests must be oarried

out 'simult'aneously to determIne, pt'he eoonomics of treating this new type
, .

'of 'U-bearing thorit8.ore.-

If a 'viable: process.' .
~O~,~~116;per cent U

3
0a ~ould

'l~ ',' .. p •

.;;.1, \\, \""~',"",c '" :::~, la~g~',.tonn.age orebodyo -- .
:" ,f'\;~,:, .:.~., '" ',,, ;, ,.' ,::f<o. .. ....1,-,'

': 1"'", ":~lF~,~t ~o~·~." ~~", :.. ~'\/,.AS· 'exploration, is at~a'~~ry early stage, and as there are' sound
-"'t'\:;: .~.: ~~: ~..:,,~~ ... "' .. ~., ~ 'q~ "" . "

'I'\;;~ !,::,:;", ge'b;1og1ca'l reas«ons for greater to~nages' being eventually
.-, -•.- • \. " .. ' ''.Q ~.u !f j • ~,

v' <'. ~ .f""'- '

, '~ " 'be"coI'J:,'€ot ,an~ ,justifiable..;..:p6li~y, to oontinue t,o eXplore
~. ~ ~ . . .-.

. . the occurrence;
,. ',,' \~,

"
~-f(" ;~

, .
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"

\
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,~~.,. '4' . 'If 'commercia~lY workabl~__~na~" of, bre of abOut thee preS~~§1St~fade;, c:.
1

•

,J cannot be .foUhd then t~e or-e"bod,Y ts u likely.-to be -of any .furthe,r in--

terest ,and should b-e-tri tten ofi\.' 1,f /commercial' tOl1nage i~ proved the~:,
. \. ~.""

'further evaluation steps should be""'-macle', the next of whioh, in terms of
..... . .

"'... .
,priority" would"Qe larger-sbale extractive metallurgical testso Other

eoonomic studies relate& to the nature 'and JJooation of the orebody would,
..~.k'

I •

also have to be initiat~.

" ~

.. ,

• Q

' .

, 0

, . .
Other afio Itlal'i es . "lIP Alio Ghe11e was only one· of a num-per of radio..:

'll

active anomalies found by, aerial scintillometer survey,in 1965 in :the Bur, . -< ..'- ,region, but as of ,March 1968 is the only on~ positively located on the ,:;' -
. ~

ground. There appears to ,be ~ good geQlogical possibility that at( least r
- ..

some of the other 'anomalies are of the same or .other,promising mirleralo-
.[.., ' . '. . ..... . ... /

gioal type as Alia Ghelle and could have similar tonnage pos~~bilitieso

It is theref~re rec0lI!mended that every effort be made to loccite and'

evaluate the other. anomalies in "the area either by i~proved ground teoh-
• (ijI

.niquesor by re-~lying the. immediate.~reas with a light ~ircraft or
,;I

helio~pter carrying a scintillometero
1

~'

LOCATI~ AND A8CESS

The radioactive anomalies and 'oqcurrences. are situated inrthe Bur,
\

region of the Somal.i Republic appro~imatel;)T 150 to 250 kilometres north-

west and' 1"1est of the eapital', Mogadiscio.. . The p:r:inoipal populat;i.ori
\

centres 'of Bur Acaba, Iseia Baidoa" Dinsor and Yaq Brava approximately

. define the rectangular Bur area. The region is serviced by a poor road,

which may be impassable in bad weather, runningrnorth-westwards from
"" ' '. ..

Mogadisoio through Bur Acaba to Iscia ]aidoab There-building and . '~

asphalt~ng of this road is expBcted ~o commence shortly,' "There are

traoks into the region from Bur Acaba and lscia Baidoa and from Dinsor

,~hr:{:\ugltYaq Brava south-eastwards "'iJo the coast but these are net' reliable.

, There are two l~nding strips for airoraft at and near Iscia Baidoa.. ~

-

The location of the area is sho'WTI in Map 1.
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In gene=tal, . ...t:b.e·Bur region is a.flat monotonous plain ~'bovewhich

some wid~ly ,s~parate9.', 'isolated, round'ed, gra,?-itic hills or "burs" rise.

sha'rply .. " The, plain is a,overect" by a' residua.l soil-'of, !ar;ring .th~okness

whip~ 'supports a dense f~rtureless vegetation Of'."~~or( ?\tsh, three to' four

metres high.. .. ? •••• '
~

.. JR
- r~-~'~

General Geo'lG>g:y:,

r

.' • i~

Topogra,~Y

.
I

J tLr
'~'

J , .. '

,.,. "­
' •. ,(r

, '-

, .

.fol<iing

Mpst of

,younger igneous
~ • • .4

Jurassio in ag~
• !>

the radioactive

"

Precambria'n basemen't rocks forming an' oval to rectangular shape'd
"

area, 220 kilometres 'long, and 100 kilometres wide; are bounded on the nor.th-

wes t a~d south~wl"s t . by Juras~ic).itne" tones. Reoent ·de.posit" cj'O~~r t.~e .

aouth-e~st.. The .:b~sement cQmplex qqmprises ,a .~id.e var'i~·ty of metam~~Phic
/ rocks incluc1i'ng SChlsts , quartzites, marbles ~ mica' schists.., amphibo11tes.

, ... -' . - - . ~

'para-gneisses and granitic' bod1es 'of, ,different a'ges <) Two periods of
• ... ':J ," <l.

ax"e.suggested, the earl~er one produc,ing a horth-we~t~rd trenp.~

the g~anitic material, was pr~bablY ~em'Pl~ce~ "during ,this :pe~i~d of,
...... .

folding .but some later,granitic intrusions are also :r;ecognised ... " ,
activi,;jjy is also kno~ ')FauIting,- both J;>re-ancl p~st-

i~'·'.recogn"is·ed .. 7'- The latter movements, may be. related to"
&. ' ,

mine~alisation.

.,

..
or
SUl\1MARY OF EARLIER l~tom ON RADIOACTIVE ANOMALIES AND

.. '
OCCURRENCES "'

..

The' discovery of radioactive anomalies in t~e Bur region of Somalia

was mad'~ 'in 'late 1965 by. the airborn~. geoph'ysical 'surVey oonduoted tmder~

90ntract for ~he Mineral an9, Groundwater Su~, a projeot of the United'
-./. . .

There were no previous indicatio~s,of radioaotive
---

Nations Special Fund.,

ooourrenoes in the regipn.
~

,./

.. .

.,''c< , '''-<:

'"

( 1
,,/'

I



~. I \
.. ~,

/

..'
\

\

'.- '.
/',',

, , ."

f \,.,"

\

:(
\

-.,

/
~

/"
/'

~.----....----.
"---...:-_-~-

Yaq 'Br~va

"

~'~.
~.'& .

,'~ Yaq Brava' 0')

. 7-0:: a nom tJ Iy ~

)J
--/"

/
/

/
/ :0

,j ~.

/
/

.: /
~
~

- ./',..,..
.."....

t,

.'

; ,"\.
',\

/'
/:

I( .

\
j.

~ ," . ' ,',;.-
"-----~-.+-I

. ,

P.

J. t'

-:;.

"
, .



)

.:

, -,

I \
" ~,

.....

'.

'!I

"J.\

.
t .MAP-2

)

'~

.

(7

,..........,-----""
\
\"
( "j
''-.

- ... ,j

\

\'

t

N

/

. .#:.. I

'.

GO\l(lrnm~nt of Somali . RGtpubli.c
United. :Nations" Special' Fund

.Mineral' & ,Gr<?und¥rat~r "Surv~y .

MAIN ~~ER > -- RADIOACTIVE'
,_ ' . I

ANOMALIES' ,IN THE ~R REGI

+

.,..

\

....

:(
i

, SCALE I: 1000000 . f.

Km1p ,0. 10 ~O' 30 -40 . 30Km
, .

'. :%:P RQdioQctiv~ ~nomQIY
.LEGEND.. ,..

. .......... -.:- Ou. tIin flof .I/Hl .-
~ Bur - Rflgio,1J

, .

.,
, ,-

" • !!?'. ,-.

I

o •

0(-.. ' "'- "

.....

LI
~ ..,.i-•. l
'I,



"

'"";;

Ground Proving of-Anomalies
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r
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Ths' fliglg:t-line, ir;J.terval was ,:'normally one kilometre but'_two small
,,, I • ,,: ~ I • ( ••'

areas we'r~ re\f'l~wn 9h' cross lines at 500....metre. intervals; terra'in

ol~arance '1-TaS '1:20: ilietres'. A t~i,n crystal scintillometer was us~d-
\

fl I' '

with automat~o -rec·ording of alt i \ude andradiometr'ic readings. Dopper
.' . .;:....

-navigation' ~ystem ',wa:s used ,for location, ?ln~ a con,tinuous-exposure' oamera

reo~rd~d the :fligh~ p~ the Only unco,~rected photogra~hid m-oS;Elios were

available for ground coverage ahd great diffioulty' was experienoed, in...., '

looating'the flight-pathpho~ograph8of,generally featurel;~s ~sh on·

the mosaioso /

Anomalous radioactivity was defined to be any reoording of at least

1 .5 times the local" background :radiQactivityo In. the final' maps pre-

,sented by the company 38 suoh anomalous areas ~ere indioated. Of, these,

26 we~ registered ~n a single flight line only and maximum readings were
\ ',il ,,~

, ,between 1,.5 a,~d ,~. 2 t~me~ baCkgrrUnd. •

, ,
,The other 1-2 anomalies, which ~~e ipdicat.ed on Map 2, were,~eg,iatered

on more than one flight ,line 'and ma~imumreadihgs ranged from 1.8 to '6.6
"bP ' • I

times baokgrpund., These :, were assumed to be' ~of graB.tar potent'ial import-

anoe, and two of th~m appeared ·to be of pa~ticuIar significance. ~ The. -,

Alio OhelIe area ,Which is situated about '60 kil~metres 'south-l'test"of BUr
, ,..

Aoaba "was' r~gis'teredon nine flight lines- and had a maximum' value of ·4.8
'p ....0

~..time's ~ackgroUnd and t~e "Ya~Br~va. area w:hic~ is 8'1tuated be,tweenDinaor'

/7> al?-d. Yaq Brava ~illag.e was registeref- on' tvr,enty, flight lines, inclu~ing

'cross lines, and had' a maXiml,lDl'ValUbf 6.? t·i~es baokg;oundo

,.

t '

..

.

1

'. ~'

"
~

Extensive 'traversing .on fOot wi·th; a gej.g~r counter was done in tJ,le
,,"

~, ~

. Alio Ghelle are.a and in January 1966 the radioaotive ocrpurrerioe was
f9..... 1. \ ,

~

looated on the -groundo

locate
l.j

found.

~'
Two attempts were mad~to

, ~

minor g~oul:ld.radioactivitY'was
\, .-! ' .

usually incidental t~ journe~, '

'I ._ , :<~'r

the Yaq Brava"anomaly, but 6nly
. .

Only a few unsystema.tic 'attemp~a~
, . ','

through the a.rea for other Purposes, have
" ..., , ,

been made 'to locate' any of the other anomalies.'
I I 1"

l

'.

- ., .- ...
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The anornaly was

In 19~6 two surface radiometric grid-

I~ addition to early testin~ andf~dentification

ahd, mineralogical laboratories made a oonsider-

, ..'.

. "

Surface Prospecting.
~--

(a)

Alia GhelIe'

also found about 500 metre~ south
. .

of the south-west anomaly. .Twenty-six pits and trenches were put: in to

explore the immediate 8ub~su;rfaoe groUnd of the 'two ,main anom~ly areas.
!

A few traverse lines, employing several geophysiQal methods,. were run, ..

but with inoonolufJive 'reeults. . f\

traverse maps were made of the area~ .A ,1:25,OOO'8cale map covered _~ five­

sqUare-kilometre 'area cantered on the main anom~ and a more detailed. .

1:1,000 scale map covered the immediate anomaly area.
. " . '

found to consist of t·wo pJ;incipal radioactive surfaoe areas with centre~ "
~. . '/ \

and desJ.gnated the north-east and south-west

latter is ·the more radioactive'and more "ex-
about 170 metres ap~rt

, .
anomaly.are~~ of which the

'. I •

tens,ive. A minor radioactive area was

,\

JJ;,J" che'mical labaratory assayed ov~r sixty sa~ples' from drill holes

No. 1 and ~ for thorium, uranium and'yttriumo More than 'seventy t~in

seotions,'were examined by the Project mineralogist and many heavy mineral

separations were made.
'... ~' ..

11 f • - I

.(~) Drilling. Drilling, totalling 320 metres in six vert~oal

drill }1ol~s but almost confined to the north-east anom~ly area,. was done

d~rin~6~67. Good oore.re~ov~ri was .effec~ed. One hole. dTill .

hqle Noo' 2 J.~ 121.4. metres In depth and most of .the impo~tant subsurface
, .

indioation~ of ~neral~sation are f~om this hole. A provisional inter-, ,. '

pretation of th~ geological st.r'ucture was also made from the dr~lling•..
. \ ~:. " . - .

. "

- 6

The flat featurel~S nature' of the bush and the d7fficulty of.

loca~ing the flig~t-paty photographs on the photomosaic8 made ground
'o"

. proving work very difficult. , u.,

. .( c) Laboratorl Work.
I

., work, th~ Pro j eo t .tehemica1,

• '1< a}>le .~umber of syst~I11atic a!l;a1yses o'

,
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'-fork" done outside cons.isted of 5"5 spectrO'graph-ic analyses and ten

thin section' e-:xamina:tio~s by the ·.AIl Union "G~ological rnsti tute, (VSEGEI)
. ,

Leningrad and ,five 8amples'~nalysed and mineralogioally examined by the
I

. Institute of Geolo.gical So:t.el'?-0e, Atomic Energy Division, Londono

3

, .'

~REvIEH, OF GEOLOGY

.ALIO, GHELLE

ORE MINERALOQY
5

4'

I.

Ge.g],ggy. ' The country' rock is Precambri,a1;l ho:r::nb~endebiotite,
, ,

schist-gneiss interfolia"ted. 'o/ith:' f?yehit~c and granitic material which
.. rl" •

ranges in thiokness from 8' few ,hlill.i~etres up to several metres and

has been intruded mainly along the,foli~tlon planes of the SChtst-gneisso
" -

, .
, '. \

Astructur~l ,interpr~'tat~on made by' t'he\Project geologists, an~
" '

based only on the trenching and dril:l:ing, suggests that the princi1"~l
, , .

structure is an anticline with a form as outlined on Map 30 It is

suggested that the crest*of -the antiolip.e strikes approximately north

and that while mineralisation is' absent. from the crest it is 'symetricallY
\\'\ ; ..

disposed on the two limbs, dipping outwards at approximately 450 and
. ,

forming the north-east and south-west anomaly areas ".
. '

, ,;

7

\

, "

, weath.e~ing al;teration, most. " .
~oolouration but is hard and

'.'TR.2
t::::=

t
I '

the first "~wenty:-five metres, which has been subject to :\...,

of the ore'rook shows red-pink haematitio
. ..! ,

otherwise relatively unaltered"The,only

Below

This interpretation· is ' admittedly tent'aiive and as of March ,1968 I

.- -
should,be left open until more'evidence is aoo~mulated from further

drilling" Examinatlon of the core of drill hole Noo 2 confirms that the,

sohif3t-.gneiss folia tion do'~s makE? an angl~ ~t, 35 0
to 45? vdth the' hori-..

zontal d01'm to a depth of about 70 metres 'from tile s.urfaoe.. Below this
, , '

~epth t~ the end of the hole at 121.4 ~etres t~e foliation is much flatter,
o 0 'being generally ologer to 10, to 15 from the horizontal ... .

\

,,'
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possib~

.Other

the

\'

Ih,.

~:
~'40

~·30
r'lo

t.. '0,

. ,

~~Qti6n whioh show~ a1t'ered kaolinised and disintegrating rook,
" ,

~~s~:QQiated, with fa~.lting 'is at .apprq;ximat!9ly 115 m~tres dePiiho.
/, ~ . '. ... .
'~uggeetions '.of faults w,ere. noted by the :Rrojeot geologists, in the surfaoe .

.:tr~nohes 'but ':t'hey are also tentative and impossible to re'late- to any

=mirteralisatiori oontrols at.this siageo
I

Ore MineraloBlo lVhile,the general struotural geology must remain

tentative until further drilling is done, the petrology and mineralogy
I ,

of the host rook and "orle as revealed in the oores of drill holes Nos Cl

1 and 29 is well dooumentedo

The ,Projeot mineralogist has done a very oonsid~rable'amountof

~xoellent petrologioal and mineralogioal ide~fioatio~.. work despite

laok of polished seotion and- other faoilitieso The following Table 1
- Q '

is a summary of his findings 0

.;j
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~
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FIO.A.TION· DETERMINED. BY ·lffio' Eo NEFEDOVt'PROJEOT MINERALOGIST
<:";', ;;"i' "> 'i,-'. ,~'!' ,...jt /0" ~.. . i a, . _ .' .'

"

. ~.

9 -.

'.- 'f" ... '.~ ,,' .,
'\

e.
'P

Parasenetio Sequence'

1 I) Biotitic schist-gneiss ".~precambrian'Il

"2" Imp~egna t ion of- grani.... basement
tio materials, includ-
ing late pegma:titea )oomplex

!,Iineral content
.£: ,

Oliogoo1ase, Miorooline.
Quartz, Biotite, Amphiboles,
.Apatite, Ziroon, Sphene," "
Magnetite, Ilemenite, Orthil~"

___C5' ............... ..,....__.. _ .._...-_.__-=t_....._ .............._ Interval

1/1, 3", .Albitisation,' causing
alteration of the ferro­
magnesium minerals,
releasing 'iron and
producing red oolouration
of the feldspar"

.Albit-e, 'Calo,ita, +­
Sericite, Riebeokite

Int~rval ------_=-_....._-_... __· ......... 4 ...........__

• i

~ '.,1

~ '. ,:~

~ J :~

,
l

\
\

."

. .

:; iiii ::0 z: GP

Calcite,
Thorite,
Quartz, .Ziroon, Apatite;
Haematite, Geothite,

. I

Pyrite, Maroasi~s

Chalcopyrite, Galena "
Sphalerite, Uraninits,
Pitohblende(?) Baryta,
Sphel1e

Montmorillinite, Chlorite,
Stilpnomelane+ '
Caloite, Leuooxene,
Geothite, L~monite~

Marcasite$' + A Seoondary
uranium.mineral (?)

Jurassic
(?) ,

+ ma~ b~ hyd~~hermal

Carbonate ~ep~aoem~nt
.~.

~~

Minor .fracturing and
introduytion of siliOeous
solutions with sulphides

Fraotu~ing, producing
ohannels into whioh Post
hydrothermal solutions'
were int'roduced

1Q Oxidation and Secondary
Alteration

, -
~~~~---~~~--_...-.__= ~~~~~~~~~-~~~-~__~ ~~'A~~~~=~~~-~
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sent to the I.G"S~"
- ..

t. G" S'" " mineralogist, :"

accounts for the Il' "

i ...,

be "considered to contain sufficient

·10 ....

. r
The examination of the first five spec~ns

.. ", .-5

Ldndo'njproduced the follo·wing comments from the
'" - ". ~. .

o .... cl" G ".thorium. is presen.sV"as' thori te whioh also

~'The repl~cement nature of the- thori'te and sJl,lphide mine;ralieat~on
'" , ,~.

• • 1:1' c

is o12vious' and cleariy snows that this is not a syngen~tio radioaotiye
T,-,. • "

mil,'1eralisation bOut is .due to hydrothormaral activity and replaoemen.t
~ , nat .~ geologically ~~ter stage.

'/1"

uranium and.the yttrium. ,T~e thorite is present for the most part.
,

as spherulites; a: most unusual mode of ooourrence"" oA further
\

oo'mm~nt was that "The samples cannot. .
uranium rela,tive to thorium to justify desori.ption of the ore" minel;'.'al

. present as uranothorite rather than thorite" ~ The ratio of U to Th is

not nea.rly hfgh enough to r?-ise hopes that the very ~are 'mineral
'"thorogwDmi1;e is. :pr~senttr.

• 11

The 1 .. G.8. mineralogist, repoJiting,on the series of seven '~ampies
\ '"

sent by the wri ter t~ London, made 'the.. fOring comments ·ori the radio.

aotive mineral, identification:- " ~

I •

\
\

\

\
"

».,
\

~"

..

$l',. "'~'~,
i .'

".
T~e mi~era1ogica1 reports from IoG.S. London and from C lumbia

,~~ {

Uniyersity, }Tew York, are rep~oduced in full as Appendioes Nos.. 1 §nd

2 in this' report.;
,
'",,

,P . "Thorite was iden"tified in (s~mI'les).441", 46, 47' and 480 Separa~ed
'I '

('thorite from these specimen~ was s'canned by X-ray fluorescenoe, sr,ld the

i'U!Thand Y!Th ratios were ~n each case. SUfficie~tly high t,0 ~count,
" :for all theU and Y determlned.· Speclmen 45 dlffered from t e others

I . .' - . ~

• .0 ....
in two VTays,o Thorium was present as uranothorite rat~er than thori te

Ctr.!Th ratio a"pproximately,' 1"""~ 5) and some of the uranothori te was inter'!'"'

;' ~?im with ~offinite USi(O,;H) 4; forming .'black grains that might b~ L
cl\l ' ' •

m~s~,~ke~ ~for uranini:te. So far as is kno:wn, coffinite has not been

'.rap'or~ed\'from other localities in intimate accociation with urano-
IJ' , t •

I 't~PFite" 0

'.~ '\ '

'",

/'.

. ,',

i' J

~t
!
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, .
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\

I
4
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The Columbi~ Ufl:ly':ers~ty m~ne:t~logist noted :the presenoe ot

urani'4m,oxide, a pitohblende variety, in colloform masses and coa~ing'
. . "\

rook interstioes but this was no~ confirmed by ,the IoGoSo' mineralogist

who' identified the black radioaotive mineral a~s ooffiniW G Small

elemants ... was confirmed on two composite samples sent to I.G.S o L~ndono
,.

The resuIis being as fol}lows: .
, \~,

\v'

(

-,

In the ~pectrogr~phic analys~s done in ,Leningrad on normal or~ ,
"

~horium, uranium and yttrium wer~ r~~or'ed in.th~ proportion~,'
, .

but in addition ,\ ytterbium was noted in s ignificant quantities
. ,

minor amounts of soandiumo The occurrence of·thesl? two
J' 0

amounts of .monazite 'are' mentioned fn both reports. -
~ . ,..

samples?

expeoted
s

and Nalso

,',

'"

Sa~ple 39 ' == 011'02 %Yb

" 40 Cl 0.02 %.Yb....

It is assumed tha.t both these elements are

0.004 %So

0.003 %Sc

~
also present in the

thoriteo Samples have also been tested by the Eldorado Laboratory

for the presenoeBof'europium, but these results are not as of March
~ ~

1968 available. ~

.1-40->1' .. , ••• , ....", .\.,< ..... ,

•.' 0" #'~
, ,. .~~

~A' .

,:ii. • ..
"",

'.

<-- ..

.
metallio .elements whioh might be ,of 'eoonomic ~'nterest; eo.g. Pb SI ?n, .'
Cu, :131, Ca.;, Ag') Cd, Sb, Co, G, Sn, Me, V, VT,Ga, Hf,'Be were all very

low or absent. ~

mainly due

Y, Yb and .S? ,.,..'
.. ..Q; n°." " ...

and also small, .
""

,a"

:

• ""/<: " ......~

Speoialiy":pr~pared. heavy mineral 'extrsClts prepared by Mro Nefedov
• q. -,"

and spe?trograpn~oallY ~nalysed at. VSEGEI i~Leningrad ,indicated the
'. .

expected Th, U, Y,' Yb and 'Se but no signi,fioant quant'i ties of any other"
, '

In oonalus ion," it is. olear tha t the radioao t ivi~y is

to the mineral thorite 'oontaining small 'quantities of U,
. ,"" .

'1;>ut in some high-grade sections, uranothbrit~ is present

quantities of eoffiniteo'

[

\
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~ ~'~ '.~AMPLING AND AS\AY RESULTS 0;'

, ',. ,.~

-', l AF~;r.t. ,from radiometric. r~adings and samples taken from _the ear Y, -$,,,

tr~nch~ng,.>wllibh are not 'dis.ouf?sad:Ln this' report, the pre£/ent evidence
, • < • '\

,of mineral vHlues .is, ba,S ed. q:~. samples from t~o drill h.ol~s, Nos. 1 1nd '

2,. re·spectively to. 35. 80 and 121 .. 4a me~r'es ~_~ep and looateq. "'as ind:i,~ated
i
I

, ;

R,a,dJ..oII1etric readings on the core .~amp1~
,<

.. ab'out'1 ,,0 milliroentgens per hour (mR/lir) 0,

~o' reohecking ~f samples frnm this h~le h~"
~nvea~~ation, bU~ on the, radio~etric e~id~

•. ' , 0

the average values' are of the same order o~ ma
• . ". t:1, '

in drill' hole No 0 2. ~, "
.. '\.,.;

t ','., ' . ~.

,,' .- "'....... .

: , , '/' u, ' /'"

" " Th.e ,origir1 of mirre.ralis;at."iOn is hydrqthermalC Ireplacetnent' and nqt
;'\ ' .' ~ '. - " .. " .

( , syngenet,ic ~ It may ·thus be, related to, 9pd oontro1+edby ,. geo16g' oa1'

_frac.'ture s''tructures which are not yet J..1itiown and may b€ revealed on y
. ., /

by'Qonsi'de~agle furtner dr-;illingo.f'
'" ,"

'V I
Fio'm .the-c:oon:ijI1c elC!'racttve Viewpo~thepr~ipal.points,

• " ' I • ",

, 1(pat tge hiFp-, ~I;~ci!io gravity and. s:ph.~ru1i tic '~a"ture of the;, thori e

ore m~k~s n f~irJ.Y .. easy" to separ~te fro'm the ,gangua" 'by speoific grj vity
, r'

'me'thodso- . The minel:'al i tse)f :and ,the, 09'1o~te ,int'heo ore, would 7 ho vel'."

.' be adverse 'factors, in .'anY' direot acid 1eac:Q,ing pro@esso
'" " , '. -..: '

..

,

~;.

.
'd ','

< "

/","­
\

... ~-

, '

:D~ill' hole lio 0' ,1 'J ,

P;f<\i e?t sa~:e1]-Eg a~..:.~aYin.g()Samplbg o~ the core of this

m .." hole was \~done ,. selectively and not oontinuou,s.ly.. In all, 21 .samples'
Ji \. . ~ I • . .... '... ' , .~

about 'half\ a'm,etre of co're length'~€,h w:re cut- from mort'> radioaoti1e

sect.ionf? be'twe'en 13 .. 70 and 133:'00 metres.' At iJ1at ea'riy ... 's-t"age- in tl/le

. >111- _pr,ojec:onl;y,,~ coulq. be' d,ete:rmiped chemically and .v';{u~s for. t~e~e
, ,"-:~~1, s~mp~es, lay\withinth.e range'~.. 45 ' to, 1.14 l?~~ 0 .J

...,

"........

,.

, ..

",

, '~' '·*i',.:, ~• '., 'W'
" ~. . 11

. .. '/.-.

. ~

, ...

"

'.

".-
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,Drill hole No. 2

- 13 of ... ., '"'\

..,

~
"-

\

"

.
P~o~ect sampling and assaying. . ~roje6t sampling of this hole

~was :~mo:te continuous and systemati~than in Noo 10 Between 2500

'metres depth ~nd the end 'of the v hoie at' 1.21 04 metres but- omitting
" .

the ~eo1ion from 28.5 to 33~4 metres, 75 sample~ were cut. These
, I

were mainly in one metre lengths; theprinoipal exceptions being
, ' .

'two samples c?vering 11.0 and 6.0 metres. The total core length

sampled wa~ therefore 91.5 metres but 40 sam~les, from 81 to 121.4'

were .not ~ssayed. ; , ~. '. /,'

•

Projeot ~emical analyses was therefore done 0n 34 samples between
" , . ' ·tt

2!fj .and 81 metres depth and covering 51 .1 :.metres of oore.

av~rage results ,in per oent, are as follows:

'''.

"t

, ,

Check sampling and assa,ying~ 'Hith the double purpose 'of oheoking .
? ~ ,t

the above c~mical assays and sampling and assaying the remaining,rad~o-
~ ~ . j .

active seotions of the"hole below 25 me"tres depth, .i.e., f:rom 281>5 to
, f , p "~, . '

33 .. 4 me,tres .. and from 81.0 to 121 04 metres, a' further series of samples,

termed the "Cft ser-ies, was re-seleoted or re-oute!

r
.J

Ex~sting duplicat~ re8~rve samples w~re used where possible to
:~

give n~w weighted samples and ne~ core cutting was done for' seotions,

whare, this was not i;>o's:,ible. ..A series of 3B samples .of two":or .t;fr~e­

metre le~gths and co~ering 96 .. 4 metres ·of· core between; 25 aU:d 121 .. 4

.. rn'etr,e:s w~s ~e:p~red., Samp'le 39 was a. weight~d comp~site ,of the whole

[Series' 1-38 .and sampLe' 40 was a' weighted oomposite of e:J.ml'les 01'6.21 '"
• • n ., oIl. ...

f)ove.:ring" 85 :0 80, met~ea'9" belIieved to have a. higher' U308 ~~n:rt53nt 0 ,The

~a.1nl'les. wer~' numbered C1-C4;O and l'rel'ared. in quadI'Upliea te aub....s eties

(a), (b), (J) an~ (d) • ,
"

f,

. ,

. ,

"

i

. \

~
o ,

. '

.;..- c

• 'J •
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"
. The .~~~mpie series were sent for analys~s as indicated, 'Oh ~

. previous page. The detailed individual results are pr~sent~d~in

Appebdix No.. 3. S~.ption (a) and (b).. Th~pririciP:lf' results ma.y. "

be summarised as follows: '.' \

. ,

"

- ·14";, "

,
.'

.,' "

"

.9

Series, (a)

~Analysed by loGo So. London

~~l X-raY:~luorescence (XRF2 and

radiometrio me~hodB

\. Th~2 U30S, Y203.
" .
~ ." I

\ :) .. .' (in per oent)
, \ ..a"

.
~ .

/', -'

"..-"..

'.
I

.•

•

, ..

(1) ..vl!3:Lghted aver~ge of samples 01"7038

(2) Gompa~&t~v~ 'composite samples C39
3.29
3030

" 0.11'1

O"f2'O

0 .. 085

0 0 080

. ,. .-

, ~ Analysed by Eldo~do Mining

&' RefiningLt~._Ottawa

..

(In this. ~:eries "'the resul t.s w8l'e

'rep{)rt~d as ,'per "o"'ent tho;ium which has
, ',.

'been adjusted hereto per oent Th0
2

for' .oOIIl:paris~ri)

('1 ) vJei~b..tect average of samples 01-.038 I.

(2) Co~:para~iveoomposite'sample'C39
r')

-30'19

3.49

,:. -f. ,

" .
o~ 1-17 J. : ',' n od. ;,

. ~

.1

J o.. ~ 33 'n •.d ..

, .<Ill

I '

': < lit

'.

.. Series (c 2 '
. .,

An~llsed by I.A.EoA. Laboratories Vlenna.
il

.
4.

I.

I .

nod.

I

/
/

.1
·1"

;1 " 'v)

, 2.94

- .. _!'Q_"" =-"'~_'" Cl. :z .,~ iiJQlrqePU6F: 4t0:0i£i4P... .ol>.

3,,22 .

,
~.

\

•

':

" ,,

,-.
Av~r~ge of all determinations

;,.
9ompa.rative composite sample C39

\ .. (;I,

i ,\11J

~
i;

. ,-
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Q.122 nod.

Thb2 U30S ' Y203

, < (in per centr
".

'.~, ,
, .

The ive figures for the selec~ed and presumed higher
. ,

uranium grade s ctionfrom 55.0 to 80.0·me~r~s is as .follows:

Series (a )',

(1) . Saqlpl~es~:"C16-C~1 '
'" ~-', ' ~ " . ~

-{~}.~ ·Comp·os:i,·te sa!JlP~e' C4Q,

series A,b) "

(~ ), , /sa~~le~, G16..,e21 \e.
)f2) Composite sample 0'40

,lo:. }
,; "1:'

, . (i •..

. I."
"

•

''J Series (c ). <

Composite sample @40 0" 101.

I

'Average C' of C;11l~ ae~ermination . ,
0.130

.

Q,,093 ,-
__~~~~~__~~~~~~~~ r. ~~~~~~~~~~_~~~~~~_~~~ ~__~_~~~~

" . .. '

,.":, \

".,

jf .,_ . .-

The d'ifferenoe beftween the results for the presumed higher-grade
r'," •

seotion of 15 .. 0 ille~pes'and those\ for the whoTe 96~4 metres arellot,as
)

significant "as 'had :been expeoted and it· Seems probable that this

~ectio'ri 'Wi~l'lhave no' selective, economib- ~ignificance,
. I! . ., , .- ' '. " . \ ..

"\. i

t :..

. .

y
l •

, ,

\ .

.'

\'

/

~ .-,

,::J$!,:~";'"

Comp~r~0n wi th the Pro.j ect. ohemfcal analys,i·s oan 'be mad:e .f'J;'oin .

., the oa:Lou.'1'a·te·d weighted average of s!:lmples -C1'6-C34 \plus 081 and. 038
,. Q • ..'t.". "

in 'he r~). 'and' (b) series; ,;r:-epresenting 50.10 metres pf coreo The

oomparison is'" as follows :
.. ~":Iy. ' .

\
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,.' I

"'f,{ ."
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"

\
>

\'
\
1

\
\ .
\

\

.. ": ....... r,.;: n\-

.,'-.

\,4'

J"~
. -' 1"6 \, .... 1'\

" '

"

. '

.\-~ .

J-o ._. ,
~

..- ..-' :,;;. .
,. ~),.

. \

, I

" ...

.. ~,. ,

.\

.~h02..U30S,
",

'\ . , ~n,per cent)

.•rie~ (a) . sam;ples C16-C34, 937-038\ 3.46 0 .. 121 00092

: ,Series' (b) "".'. . It' \ 3 '31 . 0 144 n cl ,-" iI>- ,
, '\' • 0' ' .. I> , ~

, . • _ ....' ~-i'., --_:.......-...._-~----..;..--~:...._---_ ...._-_...---:..:._--+-.................__....:_----~--~-"'"--~...;~---
, t • \ ' ,J

, " ,Averag~ of (a) and (b) "'" _ \ ' 3~38 O.,1~~· (OoO~2)'
... ... I, ."

-~~--~---~~~~~~~-~-~~~~~~~----~~~~~-~---~~~~~~~~~~-_..~~~~~-~--• ",..., . • . \ ,.A.' , : " • .f

••~ ,), ,.... 'C" ~ • •.. J.: ) '. ,,'\ ~ . Cl .. • • ~ ~ \ f·" , 11 t..... • '"," I

• ,/' '$< J \ 'l6 \' ... ,,~ "

'Equivalent Project chemioal . ,. "
,JrTe·ightep. average' :. ,'., ,. 2.37' 0.,13 0.32'

.,t ~ • ~ \,

- f",
/' (f--o

"1,

,... (}

. .

\

,~
~'I,-

-, ..

"'-

.,
• I.

i,

. '

-~-~~~-~~~~-~~~---~-~--~--~~~-~-~~~~~~~--~~~~-~~~-~~~-~~~-~---

.'. . These .r~S~ltEi: ~how that t~ere~ is' eXQellent agr~~me'nt betwee~~he .'

'1:'roj"eo\U
3

0 8 ana~y;ses al;ld the two outside! la.boratpriesi> The 'Projeot

Th:02. r:e~ults" ~r~ howeve~ oon~,~derabl~ low~,r than. the 'o~tsid.e laboratories

Wbil.e the '1~~31 Projeot ra~ults are m~o~ h~gher than the I.O.8.. figures,.

I

,

, .' Gettera.l C,o~nts. .A fulj., ~t~tistiQa:l and ana~yti.~al,~t~4Y pf

t;b.e re~~~ t~'\"'h~s~~\\been done but, it is' reoomme~ded .,that tllis ahou14
. .{ .. . . . .

be"madeby the Projeot geologists and analysts.
, I .-,10 ~ • ". ',.-.,' .:.0

-. '- " .
B~l'at,ionship ~td Radi6me"t}'io. ReadinBs .

. ,

.. •. - 'I) I

)4or.e 1ihan eoight "hundreq. separate' rad:i:oIhetric~ea,dirigawere taken
,,*:,.' •.

. b;y. th~ Pro'ject geologists ,on ~mall ~e,c:tions of core normally, a.bou~ 0.15 ~
• . ... I r

ft'metres in, feng,th and about 1 kilo,gramme in weight f·rom drill hole No. 2,0'

. The, nonoonstant Th0
2

1 U
3
0a ratios found in .the s~mple ah.alYlges, make'a~

, ·direot oorrelation between rad~om~trio,re~?Jngs, an.d T~6,2 Ol" U
3

08 v~:lrue'S "
4I".{l • • \ ...

. '. / ~mp,OS~ible ~nd nO,discri~i~~:tion eCi\lipme'~t rt,aa a~ailabl~. var~a't~o~s :'r

~ :In weJ.ght of the 'core seoi~ons. mea.sured J.e' also (In irregUla.r ::f,aotor . ,
.' . :.

although this ma.yb~ less -:important c9nsidering the numbe:r of measure- ~
If

" er·,

, , .. '. , . "

.,

. ,

, I

: 1

, . ", ., ..

" •• e

_ •. 9'il., •• to '. • .. , "1:' -
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. . D~S?it: these qualif~cations th1radio~~ric reFdings ~a:~ be

the only guide to va~ues . in drill hte!3. before ',anetl;ytical res-ults.

are receiv~d and 'may be us'eful u~ttl bore hole ',logging equtpineht and

disor~nation",~qUipmentcan bebbtained,' Approximate com~~.risons:p ,

are astolapws: ,

\'

, h.

, ~

c.om'Rarative aver G • a.nalla~Radiometric R~adirtgs

, ...

,.
~,, ,

'.
.,. ~ .Sectio~, sampled ,

~Depth in me~res)No take.n/Av~value IDR/hr ,'fhq2%

-, 10~~113.0 343 0.29 0.89
. . ,

10~-12i.489 -0.J7 '2.55
• "1l, i ' ..
25-121.4~' 754 1.30 3~30

65....80 11 5 1 .50 30 87

11 O,'c%
3 alG

.. 0 .. 05

0 0 07
0012

0.15

"

Y:203%' '"
boO~f

0001

0008'

'0.1-0

. "

, ,

"1 r

, 0

Very approximately; 1.30, mR!hr ,meas~r:ed on small oore seotions

ap~ear~( to be e'quivalent to 3",30% Th02'; 0.12% U308 , and ,0. Of'%- :2°-3° '

It ,may be, tb!at a ?=,a'diometriep value of about 0.'50, ~/hr oould be us~d~
"

as a "cutoff" guide 'to ore until better e<lu:Lprnent fpr prelimina~y

evaluation is obt~inedo ". J n

Oonolus ions" The check sampling has ,shown that ,the a\.e;a~e.~ues
. ~ , )

in 9-6~4. metres of c'ore of drill hJle No .. 2 is 3~22%,Th02,O~,11.6%'U
3

08 '

an~ 0 ..'082% Y203"Ytterbium and soandium'determiri.ed on one co~posi~e

. sample by one" 'lab,G:t~tory gave valu.es of: 0" 02% Yb' and 0 .. 004% Se ..
• ." t .. "

\ " .'"
;.•'

, ,

'. "
,.

"

r{

.' that ~only in holes Nos~ 3-5, were
'>.

found ..

" 0:' I

~y comparison with the radiometric'r.ead~ngs'it is pr~bable that
~ . ., ~

only marginally.' lo~we:r,val~es can.also "be. assigned 'to a 33 metr~ -length"

of d;ril1, hole No ..1 .. "F~r otherdr'ill holes, Nos,,': 3.....6, ,reoord~ show
, '...,

lengths of ,very lim~ted radipaotivity

... {l

. 1

J

, .
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OItETONNAGE AND l\1ETAL C01ITENT'
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''t-
"

, ,.',,\
"~'A;(' ., • ~~~. :.. , : t,·' ~. -~ ~

.' .
"

"

"­
Present relevant facts a:re .. t;hat:

t·

, (a} .TV;o of ,t4e ~~i:x: vetti9al drill holes 1 30 metres apart',;
., , ." ". ,,' . ..., .... i;

have gode through 'pa~iQactive mi~eraii$~tion fro~ near .

• .,~ ,~urfaci,e to:.35. 80 me t r~s '~tid T;O!!' 2~ to '121 :40 m.e;res d.~~
(b) Boi;h 'holes stopped·~,in mineralisat±on and the la'teral extent

.. ~

'",',As of ~~~roh,1968 it is. somewhat diffioiilt tO,put ore tonnage anct.-.

, met~l oo.nt ant into f igu£es beca:1WEl' ot (;,:ri.y faoi; oJ;s as: ,ret -~kriOwh.

<'

. '
, y

0-.'-,

'.

...
1 r

-

~ • Q

"
~. /(

, (,' '.

)

(c)

.' of the, mineralisation 1~ not d.~fined despite theoth.er four.

. drill holes;
\' ;'

T~e sbuth-wes~ anomaly'area with hi~h~r surface fa~ioactivity

"is v:i;l.'tuallYi unexplored at depth; ,
41 "'. ~ ', ....

, \

\ " !~

••
. .

l ..

(d) The mineral' a tion·'i:s of a hydr9~herm~I, replaoement tfi~

. and. is not ~~gene'tio; '. " \

(e) .. Assay value . ~,~ ·3.22~ Th02, 0.116~ U30~ 'and 0008210, Y203 ha~e

been provad for the 96.4 ~etres o~ drill hole No. 2. t

/--; ., More oontroversial·~d r",quiri~g ~rth~rIlroof'are: ~hatl '

..........

..

(?

(f) The .above assay value,S oal) b~ applisp.. to the ore body

generaily;

..
, I

',\" ..
,~~

(gL~ A vertical c'ros'~ fault 'postulated by :the' Projeot geologists;
, . '

I· '

exists in the north-east anomaly and oontr.ol.s "m:il$~ralisation. """

. ,
, ..

. Cont.rolling .str;uo'tUr~s' such, as fa'l;tlts'could be of importance' in
, ' \

this type o,f mineralisation 0 Some evidenoe c·f a fault was seen- in
~ - ...... J

'tr~nohe1? 13 "and 2'4 ancl in' .the. oore of 'drill-hole. No: ~ at about·115
• 7' ' . er

metres depth.> 'Thi$ e.v:Lde:nce i.s'admitt~d,by the geol~giststo be'

:

, ,

A.

. ' \

r
, .

..

«

\

-
. , .

". " .

•
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,
~, tenuous but' -if oorrect, may infer a relatively narr01'r zone of minerali-, . . '

sation extending a10!}g the fault yialls. , Afte-r examination. of'~thel ,

"vi,d!'nee ,it fa" beli~ved, that it is net 8uffieient:I,y s~~ to b" .aycePten

a~s 'stage and therefore a, oonventiorial and oonservative.estimate of ~

t-onnage based on the two drill-holes ~nd :'a llmited horizontal 'projection

around 'them is deeme~ prefE3rable. t'

, fj,:'

,
>

19
\ .

, )

.. ,~,

,\

. , ;>

.~ (I

- .,'

The
. .
,In eftec~, this is equivalent. to

" ,

and with a is-metre radius oontaining

"I
.'95,000 cubic metres of ·ore.

, & " "

, ,A cylindrical'"body of 15" metres :vadius .surro~ding'and relsted to
~',r. • . "J' 4 ~ • " _?' \\ J

t
. "" • '

the' minel'aIis'ed s'ectiOns of drill holes Nos 0 '1 and '2 is ass:umedo
, ':'( , d "

suggeste~ outline is s40Wn in Map ].

a ~olumn of ore 135 me~res in length
,.- I ~

I

~

! Small ana fairly orude tests'made ?y Mr ...Cameron on five small'-
" .

seot.iol:;lB, of mi:nerct'lised core gave, an 'aver~ge 'specifio gravity 'value of

rock in

gravity

Aliowing~for the crud~ty of the tests'and for air sp~ce in the
~'. • ~J.

place it may nevertheless be possible to assume a speoific. .... . ' .", \
' '~

of ,2'.65 ,for this ore. "

f '

It is realised

, ...

It is·the~efore estimated that the cylindrical block of. ore; as

d~scribed and il1:u!3traied; contai~s 2S0,000 tons bf'ore ..
cl

th~t ~the'final prov~ shape of. the ore body is highly unllkely to.be' "
~ • ' .... ,~ (\0 ,.. ,- '·:\--~r.V~v'J-J~

,preoisely th~s ,bu,t it is the best conservative e-s-t1mate which can be l., .•.;

made ori,~th~ .pres~nt evidence •

.
Assum:tng that the aver'age assays of the sampled length' of drill I

hole No .. 2 are applicable to the whole' ore bo~ then the, metallic contenii-s"
" '. ~ " . ,"

per 250,000 metric tons, dry core, may be. as follows:' - ~

Av .. . Grade . ,content ~

_______.......__""'..... w,.-;.·....""'__..s__........._.,,_. ..__(~~_E~_~~~.~290 ...... ~~n % ~?~:~c_~~~~) ,

Th02
. :?308

Y203
',Yb'

So -

,0"" 116

0.082

0 .. 02

0.004

8.,OSO

\', 290

20S
'~

) .
50
'10

/

I) ;

f

, ,
• I

)0 -, .,

, \

, ,
., ...•.~.\'\.•." ; <'.~

~'. ' :<; '.~
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It is highly,probable that this is not t~e fanal limits of~ore

.. \

'anq. that extensions will ~l>e found. 'There are good pos,?ib:hlities 'of

e.~telJ.SiO~S in the ',porth-east br'e body both iater~i"iy and in' d.~pth itrid.
I , ..' ~

also of finding' ,ore' in .tIi~ so~th-west anomaly a,ea~ . S:pati~lly and

. ~eoiogioallY iti~ not .di·fficult to visualis,e ,the'\ possibility' of at
~.. ...... .. . . " ~. .

, ~~~st a further three quarters of a million "tons 'being found at Alio·

'G:ahE!lle Cl

, " ·l

.. ,,' ., • I'

. Four 'ore reserve' categories based on 'degree of oer.ta,inty ar,e usfed
" )" ," I '

here.. These are proven, Erobable, ,Eosaible or ipferred and l?oten.~ial

'ore. ~he' defini~io~s of the latter two categories are p

(
'JlJ

p.os'6~ble or inferred: Ore ex:posed' anq. sampled on" only one side

or out by a very' small number-of .widely' spaced' drill ~oles~ 'Its
. ,. ", / . - , -,

extens~ons ~nd other dimenstons' be,ing a mattBr of re~aonable-I>~ojection•.
• . I , • .. (>" 4.. ~

. '-

.11. \ ".9'

. . t
" <l, ,

Po·tential.~Ore f,or whioh quantit~tive",esftimates ~r~ .based.la.rgely

. on a' 'genera~ knOi'Tled~e' of 'the 'geblo'gica~ charaoter of a del'osi t in oir­

cu~stanoes wher~ no systematic sampling has been done and measurements
\

may be approxim~te. Estifllates in this oat~gory are regarded as,no

nlc,re than an informed' guess indioating the aegre~ to which t~e d,eposi':t .
,:\'

- ~ ~~-: ~.; :;~ .:

,
" ,

. In conformity w"i th tb:ese ,definitions, the situation at AlioG~lle

'should be presently 8ummaris'ed .tentatively as g

,'1"'.' ., . , '.

) .

/ '

'''~,
~.

..of'. ~f.l

P.o~~s,ible or: iljferred Ore -250 ~ 000 metric t,ops ooritl3:ining a.p~!'~x~n;atelY

8;050 '~onB Th02, 290 tons U30a ,ani!. ~05 tons, Y20y w,'-::. .'
.. ," '. .'.)' :.. .......... . ~, . .! .

, .'
\ • • ..Q '"

'-Po,tential Ore ...... ,750,000 metrio t-ons whioh should be regarded' (As prima.~ily

a target for further'expl~ratorydrilling~. .,

• p

---
,

{
, .

f

. .
• V'

c. f'l •

,0 •• • ...

. .
"

\ or,
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AMENABILITY TESTING OF TM ORE
J; ,,' - -:. _. ~t .., . .-' . '. ; , . I. _ .: ,"_

·l

....
o

J

Preliminary.amenability· testing of t~e ore has been do'ne. the
.' I • ,

. Met,als ~tr:actiC?n DiV.hrion of the ~)n Spring Laboratory; s.tevena.~

,England. Three samples we~e selec~ and dispatched in early Novembero

The prt'inc i~_al sample, No 0 C39 ~as repres.,ntative of the core from 25 ", ""j.
to 121040 metrres"of 'drill hole ·No .. 2 weighed about 6 kilogramme and was '",. ,
ground, to -22 mesh .. ' A small sample, No .C40, representative ~o;f the "..,

higher-grad~ ,material fro~ 65 to,BQ, m\.'"trree~sla~d a sample of the unorushed

'oore (041) for gri,nding ~nd orushing t~~;Yre also sent, ·Instruotions

given ~o the Division were ~o regard the material as primarily a pot~ntial

. lfraniu!If ·ore and o.~J.y seoondarily as a possible rare eart·h and thorium-
,., ,ore 0

;; From -the outi?~t ": the nature of_ the radioactive mtneftls suggested

oonsideraole problems.in extractive, metallurgy.. Even prior to actual
• -, ' .' 'fo •

testing, Warren Spring Labqratory noted that ,although i~ might be'teoh-
, • .,. .l~

nically pos'sible to extract ifhe three principal metals from the ore by

direot chemical.method~,'the p~f?sibilities of reoovery for only uranium. " .

might well be ~er~ slight insofar as the economic viability of any process. .
,was concerne~o. I Ita mar~et'c~uld be foun4 ~or .thorium an.d yttrium the

.. eoonomio possibilities WOThld be mo~e favou~ableo It was noted that it
, ~ l> • I' ._

ytQuld not be possible· to. extraot uranium selectively direot from the ore
, '\ " • # • ~ .'

but that it could have been extraoted selectively from leaop,·liquors ;nd
, .

tho!i~m hydroxide could have been preoipitated separately as a fairly
,

high grad~ conc7ntrate.. T?e prQblem in regard to thorium was, ~owever,

that if i-b' were· n~:,.t·i~~d:iaielY marke-table. (as is' the case), then !3-ged
. .

thor'ium precipit,?-t'es'become very .diffiqultto reprooes's 11 'It was ~uggested

tha,t:J:.lre-c"onoe~tr~tion< of "the 1r~ fOllO~~d by ohemioal treatD!!lnt of t:t:e

cono:~ntrates mlght be the onrY possible route to the economi5 reoovery
11 •. f

•...'~

4.of u~ani'W1l"

. '

., ..'"

t"
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Test·scarr~.edout bYL~arre..~· .S·pring Laboratory pT'ovecl :·l.ha~ direot

'ohemicai 'methods ,vre:r:e, in fact, quite imprcr'c:t;ical. . The details of

~~ha Jir~ot ~he~J.,baltest~ing is given in t~e first part of the vTarr~n'
, . "" ' " . d

Spring report in AppendixN0.. ~ Briefly , it was found tha,t ,.in a'ddition '
~ . , . ,-'\

to the expeC?ted high.aoid reCl.uirements ~~ breaking down the thorite -

,uranothorite· the ore also 'contaitled alkali equi'\"talynt'to 8 per oent of ,\

limestone causing very high total acid consumption.. The best leachin~

.test .obta,in~d was' an e~traction efficie,ncy of ~1 per cent on -200 mesh

'ore ~sing ~ e~uivar~nt ~f 0.4 tons of0s~lphuric aoid per ton of or~
. .... '\ I . • •

whiohwould. be completely, uneconomic.. (About 9. OCr'US dollars per

\.·kilo~ammeU
3
0g for aoid alon' "

Direct ohemical treatment of ~ ore ]or·~~e recovery of uranium

was therefore found to be eoon6micall~mpossibleand the possibility

. t of employing Ph~~ical m~thods of pre-con~~,trationwere then exa~~ned"
",,' -/* : - '", ..

'~'>\:: .~~~li~inar: re~:Ults .. Of. the p}'e-cono'entL'\:ion,~~~tsare g~ven in th~l seoond

\jart o:f the 1·~arren,.SprJ.ng Laborato'ry statement J{l Ap];lendlX No/.A.. The
~,?,~-, .

'9",

re's~lts' ~how tJ;1at ,63 .. 3 pe~ cent' of the Th0 2 and 53 .. 2 per ~ent4of the

U308~P~ reoovered'in gradues o~ 30.~ per cent and 0.83 per cent respect­

ively. "~,Mr.. North of the Harren Spring Laborato:r.y empha~~Jles 'that the

tests wer~'"on the ground ore as' received and vrer'e" OU' a very small scale ..
, .'.",... " . JI

J
•

He Jas confiQe~t·that with contro11e~ grtnding of the original ore and
, ".,

larger~s~ale t~s~ing, ~ry much better figures ?OUl~deobtained.

laboratory staff' were enthusiastic about" t~e fa~t ..~h t a very good

oleanc,separation of the thorite' c~uld be made wlth· . ease ..

In 'fac.tr a cO'ncentration ratic of 1: 8 was achieved and it is cohfiden,tly
, \ .

, t ~r )"

.,

I ~

~

""'.,.'"

,

exp~oted that this can be imprdved.

I

>'I,

not be?n donE\ at the time ..
..

Because of the

The subsequent stage of acid,leacb,ing of the oonoentrate and
,......:.: "

selec"tive pre,cipitation of the uranium had

of repo~tin-g,but no problems pwere;" fores.een in this Cl

"'
, pre-oonoentration alid elimination of the ,alkal\, aci~ requirements

would oome down-enormously and seleoti~ preoapi~~fOn would be ·fairly

straightforward., '; '\ ...

..

~.,
/' I¥"

./

/

J v"~,
','

, I

\...:
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comp~son with~~t.heRadium Hill and Mary Kathleen deposi~s Of

Australia, b~o:e whioh had diffioult refractory uran~m ml!';leral

probl~ms, 8ugges~ jihat an economic process for Alio Ghelle could most'

probably be worked out on the·basis of a suitable pre-conoentrati~~

stage. Considerable further bulk testing work will, however, have

to be d.on~.

MARKETING POSSIBILITIES
.\

follows:

The ocourrence at Alio Ghelle contains five" metals o~ pOssible

interest, thorium, uraniu~, yttrium, ytterbium and scandium. Present

information on their marketi~g possibil~:ies may be summar~sed.a~

.~

~ond

(a) Thoriumg In t~ non-nucl~ar field the commerc~~l ~oa8ibilfties

of marketing thorium a~pear to be very liml~ed at the pr~sent timso

World. wide, about' 300,000 pounds TH0
2

per annum goes int~,gas mantles

and 1 E3Ss that 100,000 pounds into magnes ium alloys. OthBr 'uses for

)
(

...

;,
I
I

I
i
~
!

'b.

.
refractories, dispersion hardened nickel an~ thoriated tungs~en are

quite small and total non-nuclear consumption is less than 500,000

pounds per annum with.rowth rate not more than 5 per cent per annum

. a~i no new developments in sight. Ho realistic price quotation 0flll:,?'
be made. . ..... ,

-~he 'N,uolear field, thorium is a potentfal :!"uel for the generationtt . ~
qf nuolear energy. Consideraple researoh is being conduoted in various
, t; . ".r

oountries to this end but no. cfctual outlet for this. purpoSe e~iats and

the economics of its use in pr~f~renc,€Qto uranium are still doubtful 0

T~orium may be more strongly promoted for nuclear purposes only if

there is ind~ed a ·shortage of cheap uranium in the postl1975....80 pe~i2-d,.

whioh S'ome authorities predict. The International Atomic 'Energy

Agenoy in Vienna org~nises a bi-annual meeting 0'7 a uvTorking" Group

on Thorium Utilisation" .a t which this~ .subj ec·t is reviewed.

"

d

"
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~, Cutnulative ;Dema:aa.-
....;..c,_· .<~_.,,-, ,

~ho,rt, Tons ..;Q:3°8

38,000,

. 1'56, ado
409,000

'\\

~
.. ,.

'." .

~

/
.l.

.'

""r .....

\

'.

\
\

..' .

,.'

hig~~~e, 'stronk demand for urahiu'
(j)

110wed by·a pe~iod of considerable. over
• . - I ~.

and may be'expeoted to last untiJ!

, <

. I

. />

-~

~, .

..": .

f' \

Jf " .,"

. ,

~..

, .

"

"

. ··r'f.t.i'~·

:"'1~~

11970 '

. 197~5,
<r

. ~

1980. .

~ , ,Estimated: Annual· Demand.,
#. k ...

Short 'Tons ~30.8
, .\. ' "

. 12,000

32,000

.' 65 "o.orl.; .'
- • ~.lri'..

'. \

..,

'(b) Uranium: . "The ~ribd
.. AI... •

from, about 1945 to 1957 ·was
• ." 'f . • ~~

su~ply whioh~~s, stil~ in ef
" 'a90Ut ,197a0 ..

~ " .

"

.
'....... t .

•.•~ 1\"1.',.

' ..
"

/"

\ .. ' ~ '~~ ..\'.,.,.. ; ','

.,.. . ,~-'~ ~..~~\~">. . ~ -~.
. ,.,~.

..."':...,,~'+,.;:"'"-'-,;. ,'/,:c;~.· ," '~~.'~..'. ·,,~.o;. :'.'

,\.-. . . f .' ." "'rij . . .'~ ";I:,.l ,;\ .~
p~-. ~. \. ~ .. I - \~ • U·:~I~L~·_·-·n ',.~

..1; .:-;.... • J :. /":. .' " '+,; 2~ ,... .
/'.'. ./.. ,'" \1

. .' I
~

~~__.. I '. .. ,;- .'

'~~G

\.~~ ·YTith suo'h-a. s'mall~~~rket,there is'. 0 problem of"ra,w material

-< < SUfX1,#,- most of :WhiO~:oerme'? as a" by,:':px! lot of the Ell io t. Lake"

'~\ada, uranium 'produ'o'tion b'l~t .thE)r~ . s ~ls6 a . substantial surplus
'. .', . " ' p . ' • •

avC,tilabJ.e elsewhere 'f:ro!A' the \process~ g of monaz:i,..:t·e for rare earths"
-< '. I ..

~n both .ca~es·, m~o~ thor~u~~.~.~''~f;ese' tly -c9:11owed to go to waste' or

duml>ed beoause ~f' iack o~·market·ll.·".: t .is estimate~ that' reserve~' of~

~ve.r 500l/000 sho~t tons .. of Th0
2

exi t in the world most of whioh

.' Q'ould 'be· ]?l":oduoeq. in the, '\low-bos~ '. ang~ 0 0 '~
.•. ~.... _l," "_'.

e'-. <-.; . , i
__~. .~ :~n ,eCO~~;iO a~sess~e.nt o! pp~ei1Jle .uses-,of ve9'. ~\gh 'iade

',' ~r~um ores/must, however, be ried out beforr t~e commerciaL' .

.,.e:al:'~t;i.i9.ofoll:r__Jl_el"1o'SkQa~ be /oo~Sidered a,s ,,,\mPlete., _ '

. . - .. t )";
.""'" _". \0.

f ..... """. .. .4. <
(,<',t For the_.~r~aen.t,i,t wou~~ r 98-refore .~e"safer ~o _:;egard~t!le

thorium content· of the 'Somalia ocurrenoe as being10f noeoonomic

s~gniffoa~~ .~his oould ho-'W er be reviewed at intervals in th~

~ght of~nuoleai:pow~r.

.... \$t,

, \ ~ ~. (r y , ,
. . . star~~~g from §bout~ 1910 a~rising deman~ for'uranium'for nuolear

'<'_:'''<, .power~~~equlrements\ is antie~pated; .The es~imates ofu;anium ;equirei

", .. me~~e bee~,a1most con~inUcUB1Y up graded over the'last .tew ~ears.,
.... ~ . v",. i

." rJ.o. '! .' .r

AD~ecent est~mc;i!~ publisheeti by the·UeS. At~IPio'Ene:qgy Qlqji~,mis'sion,;,.,~.AJE!,~~',
... . -~ ... . I ..,~

is as fo'llo'tTs ,:

';I~'=::-.".

• JJ -......

I ., ..
-<'"

-·'-""'1,.ltfI'.

"'.

~,: ., -.-:::'r . _. :~t ,'b .. '~~
i ~..

~ ". ,

....

, .

J

0''.

\
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l1he ore ~eserve·.situation, also est~mated .by the U.S •.A.Eo'Coin

Sel?tem"?er 1966 (as a totalltwest~rn W9xld'.' reserv,e) was 690g?0<? short,

tons "U308,':-lbut the apparent surplu~ 'on t'hess /m,ro, 's~ts ~f figures may,

not ~:x:ist when b.iax~mumpr~duc~'ion r~te, wh~ch "i,s the controili~g faotor';

, is taken "bo aacount. This and the yontinuousl;)j revil?ed upward'estimate
• I '\ •

in demand indicate ~h~ possibility of a short"fall tri uranium: supply
"

arg~d 1.976-19~Q.. ' .Afr~~,er 1,~?, P~O~u,Gtion·. ~~~_l .be increas~ngly depenc1ent

''&pon.new dls triots • )

\

. -,

.{l ,

,.
I.

"

fl':,

') ,

..

'" /' , , .. ", .. ' '" I ... j; .. I • ...: .. " .. I; .. " .. ,.. .. I, .. I .... I; • ". '

:r" -:- 2'5-

demands are anticipated in ~he d~cades
. ,~

'1<1'>

I.. ,'./.

/' '.~
!' ~~ogressiVeJ,y gr.eater

.~' '1980-1990 and 19~0~2,00,6.
I {

('

..
~~: ,:' 0""y ,

.-

, '

... I

..
/

, r '"'"

, f4,;''\

These e_s.timat'~s are made on 'an' estimat~d price range of US $ 5-

10 per pound U;308" In trying to estim~~ioser figur..... ml'>st ~ti.~hO-
r~ties are of the ~pinion that the U

3
?8 purchase prioe .w~ll rise to '

<a'1?0ut US $ 8 ..00 per il?9un~ U308(~r 1!S $ 1i. 50 .per, kilogramme U308) by',

th'e mi-d ;;~1970s' ,and' might De h~d there if successful n'e; ~ow-coat dis~

oo~e.ries are 'mad,e i~ 'l.t~e ~m~anti~e. ,.. ~ -.,

.~ '0 , /

In 'summary, there appears to, be a good prospect; 1of· commeroial sale' .
• '\ 0.' • '\ ' ,., J • '\1'

of" uraniuni conoe!1:tr~tes from about the ea-rly 1970s o'nwards at ,a prt>bable -
I .... C • ." , •

. price' ?1. about- 11 .50 us, d:~~iars per kilog~ammeU308'prov~ded ,that the

deposits are'substantia1 and that seoure long~term contracts'are arranged.
. '..'- 1 \

",

,I

supplies &re 'unlikely
)

essential feature

supplies be assured

.. .

,-
on .'a~ long-term' b'as is-.

~ ••' , '., t \ •

i" -

~ .,
\ Si 3 :

Unl.ike the" early~'19~Os.; sma,l~ depos i tf? ~nd
,~ ,_I. '
to ,be a~tr~.~~i.Ye, t? buW)ers..and'· pow~~ produce:rs", An

"of future demand wil.l 'be ·that .fPubstantial "contraoted

·with_purohasers.

. As exploration; de:velopment ani the bringing' of a 'deposi t ~o the

p.roduction stage m~.y take about five years on the 'ave;rage, the present
i' . ". .'

'-,early stage explorati on of the Somali OCOUrrenoe appears' to ,ooJ;rect

·;fim~~g. f possiqle fu~~e production stFige. . .
. 1'b' L
\'
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(O),.Xt-Pwi,iI,1W,: l1rt,\fx:,1ri.Ulp 9~d,. scian~ium' ..,.

, - , - ,_ ...... ' ,,- '., ., •..:.. J~ ..... '- -"(', -.. . ~

, ,:~;:,:>:.:,,~ ,', • " ,: " :; I~' > ~';;r '~,' B
-,,~ '" «", 'f
. 'In'reoent years there has ~een ~n increasxng demand f~ yttrium

':~~~'~6'me.'other~ of, the heavier ra~~'~':arth~l~m~nts fc:r'i"ifise;/in t'he.

_'~·~te.r~sto~;' ~p.d othe;. indusi!ries.' 11 review of the S~,it Aion written,~ "­

b¥' Dr .. ]. "Sl.ater. of the Ins:tf-eute of Geological Soier). e, . L9ndon, is (
, .

~~p~pduoed ~ith P:,is pe~mi~sion~ as App,endix No ~ 5 to thJs' :rep~rt. The

~r{oeer~\lot.e9.a.r~·for. the metals an<f oxicte ..p~ioes wh'i~h inigl.?-tbe more

, ~~le~~~t t~ 'plant p:r;Oduoti'bn "are' 'of the order' of US $ 1" .... 5 per kilo­

<K.r-alJl\ne ;2°3 <"t th~ p;~sent <~im~.

\ , ) ,.,

,"

-,

'-/\ u.

, "

".......

'J

,.

,~<, \-

\
, .

, ,

l' ,
r . '. ... - .. ,]

'-The pbS'i tion ;is somewhat similar :for scandium. In general, .
-;.\• # .:~

supplies of rare e~rths ar~ not di:fficu~t ano/very i~rge resouroes,·

eXi~t in the·,bastn.a:e~ite .de.posits, in piacer..;.mon'az.:tte r i,n the ,Canad'ian

urani>~ ,deposi t,s ?~a sotiro~~ in "var,iousf by-produot: e'lf'fluents eto ".',; - "~'

'The- econowcs are, however, v~ry' dependa~t on ',the nat'll;rB of"-t'he depos,it .
, I • $,.l • I _... I

,and t,he 'Alio Ghelle ooourrenoe cO}lld: prove.: to .have aome oomme~oially,
" 4 ••,-.... a- ('

a,ttraotive faotors in the medium term and more di,stant 'future", <6

1
<100

"'", \ , 4~ ~ar ,as. jut,let and ,mqr~ets :are conc.~rned, th~ ~a't~er i,s ~very

'comple:x;. ~nd_ there' are -,no very olear:~indications of what might be·'possible.
. ' . . . . -

<A~other i~d1f~t~'ial,' ~-qthori ty in' a pri;rate" com;nunioatio~ to ~.[r,:__ '~a~~~rQn;
UoN .. Consul~an~" statee; "In regard to the rare earths, there/1.s so.me,·. ~ .' .

current" .intere.~t in' raw materi~ls with rare 'earth/istrib~tiondif'fer~pt

Iro~6nazite and 'bastnaesite'. There ~s :qo known deposit whi'oh oontains

substantial thorium with a paTt±cu~arl~ interest~ng distribution of rare
• - j"

, . .
earths but we a.re only .just; starting\io get a useful picutre on rare

't "', '.' ~. ' ~ ...

earth occurrenoes 0- While rare .eart~' rriark~ts, 'are develpping rapidly in
.... i ..... .... .... -"

some directions, the eoonomics are complicated by interdependance of a

.,' numb~t:of el,e~~Pts fr~Iil a ~~~ticular sour.be 0 "The only possible gene;ral.'
. , . ..... ,,'" /" 1: ~

comment is that rare earths 'at the heavy end could .b~ inter~sting :but' "
I '- d ,_ •

if they ar,emostly' oerium down to samarium .there is .'unlikely to be much .
, ~

oo'mmercial outlet" ~. r .'

.;

I.
"

, "

fl"" \,
~- ..

!I
"

-.'
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General:, . In Mr. Cameron's ~opinion, for the imme~iate and medium
\ 7 .

l
term futur~; ,the AI).o Ohelle o6currence 'should be judged' on its. uranium-

. 'po-€ent'i?,l' only... E~onomic exploi t'dtion ~f, ,the' :other metals may be pO'S$1ible
, ~, . .

in the more dis tant... Iuture. The mineralisation is of a highly!comptex
" ... ,-e

specialised type which wou1.d have no hope of sucoessful explora:tion on a.... .. . ~ "

·smali scale by an inexperienced organisation, but instead, would require..
ighly sophisticated technic'al engin~ering and devel'opmerit' .. ' . '''~ " , ."

..

p . ~

.. Regarde~a~ purelY, a uranium depoiht, some forei~ G~vernment
, o,rga~isations and quite p. number. of commercial enterprises might be

.. - ,...

'.

. , ~,

q.

-;'(".

.
.i~ter~sted if th~ ore tonnage were proved. to '~e b~e~ou~~~ that is, in .

the 'multi-million ton class. Ideally every attemPt.~~ld be made to

exploit all the me,tals if and j1'fen possib,le .and this could only be done

by- an -integrat:ed 'organ~sati0n'controlling produ9tion,- refining and 6ut-
~ ". or; , I

let faoilities for all possible marketp.ble· produots. \
. .
.,';;-:\::.~ ..
_.3.'

'"\ .'" .....

• .4

, .

PRELIMINARY :IDCONOIITIC CONCLUSIONS

/ The overall oost 'of recoveril).g~.uranium from thorite ores. of the.·

Al~Q ~h~lle t~e has,not ~~t been .dete~i~ed and it is .therefore

diffioult to oo'rhpare· this dep9si: with o'ther uranium deposits vrhen

.'
......1.,\(

. "

I ...

\ .

',-

..'...'.

<~.
I '.'".,

"/J...' .
On the

..
reoovery is simple~

present evidence, no clear-cut' economic'.'conolusion about ~<
, .

th~Alio Ghelle or-e deposit can bl reaohed. Norma,ll:v., a uranium ore
" '. . .

de:p~.8i t of;~b~ one millioh tons with "~l1: averaiSe, grad~ similar to 1{hat

of Alia Ghelle of ab0':lt ~O.12 pe~~ cent U3?'8,' wi t?- U1?-0oDlplioaiJe<L ~ecovery

possibilities and nq other adver~e.faotors would beregarded·as. most
•

probably'a viable economic prbpos1,tion.

,/

/

\

- ,
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.. ~,<, ..
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:A"Sl'1~Cr'l te9hn~~al stwlY ,to. det.ermine the economic.s of u"a"nium

,recovery fronr the Al~o Ghelle ores ~ust therefore be onecf :the ~rin-~

, o'ip~~ tasks 4f any further' exp~orati0!l programme e ,,,,,,.,' -- '\ ",.""" ..,,

I

>.

, '\ -'

p

. )

-

€ " ! '

"

"

.......... : ~

The inferred~ore,~onnage at Alio Ghelle ~s not at present h~gh'
'. ',... '0, , , ,

',. enough' but the,re ·are reasonably good gt".ological prospects that at least ,.
.. 4 \ \, ,. / . .
. o~e million tons of ore 'oouldeventuallybe proved and' this is the level

l at Whi~h: in M;. C~~~rQn' s oPi~ion, real commel&ial'·i.n:te~est·wouldst~;~o id.

'.'

IJ" , ...

mineralogical conati-
. ~

, If the assumed increase of

ind~pendent uranium mine'lals
'J ' '

dei'0sit,.would: he improv~~.

"
~'

It is e\ride'nt that increasing' interest
'"

4no~ther<l:problem to b(j' investig~ted is tne
<' I

tution of ~he deeper leyels of the deposit.
. . ". ,

tlfe uranium contenii arid/or, the existence ,of

we're confirme!i, the economics o:f; ~in'i!lg the
/',

, ~. ::
is'being expre8~ in this

. . ~;'

term future, not on~y for. ,

urani~m butt'~ .~ l~SS\ extent, also for the rare ~earths and po~siblY

even' for thorlum~'
"r

type of mineralisation for the mid and long

....

, .

I
"Jo'1

I

.. .

.1, ......

\
'Exploration as of Marc~ !968 is at a very early stage and as thBre

k .- • @

are sound geologi~al p0ssibilities for greater tQnnages -baing eventually: "

:ound both' at'. Alio Gh~l\e and ';,t some.Of~h~ other radio~ctive anoma~ee .'

~n the area, 1 t would be· correct and Ju:stlf~able to c,ont~nue to explore,

define and eva~uate Alio Ghelle and any other ~eposits in the area.
, ~

~.

I ,

.'

• I,

SUP~lY, miP.\ng

I

I ''". 'G;,. ' •

,
',/ ,

, .'
,. '

" ..,
v.1... '" ~

'.

. , \
If further' exploratiqn, ,howeve,r,defines the ore bodJ.e's; and fails

to prov~' 9ne miltion tons "of 01'\, then the OCOClrrenoe is qnlikely t9
~ , ..

9f'1Upthe~ inte;est. l -Qe

~me tho,dff~
'" . ~.' '

0,

/ '

- .' It is '~heref;re ~eoommended that .ex1l1oratio;', be, oon~;'ued to define

orejonna~e", If)this exp'l0Fcrtion,: .can' pr.ov'e a~ least one million tons

of~ 'e with 'the present or,S grade'" or bette·r then "more detailed large,.
... . • ~ l .. .. • ' •

soale extractive metl?-llurgi9al ~esting shol1ld be initiated together :-
.' ...... _ 0 ~ '. .... '.;;:1'

with studies of all the other relevant-economic factors' partioularly
.. 1 ,.. :" • ';, ..~lq " ( • . ~ ~ ..

.. ~'elat-ed to ,16\,ation such as po~r, tr?-ns:p~rt'wa"ter, .-

":"'.. ~ ~

.• ~ . 'f~1) ,~ ..

I ..

.
"'" Ji)..

" . .~ ... " -

..

. ,
... " I,S: 7

,~, " ,::.-).,;: i' ~ ;' ;
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t APPENDI:« No.. 1

MlNERALO-GICAL REPORT FROM INSTITUTE·OF GEOLOGICAL SCIENCES
"'.' ,,~.;.[(.',: ." ' ..' ',..--- .1'.

GEOLOGICAL DIVISION, LONDON

"

0' ,. ~ .. -'1 ''; ..

' .. ;,

"

Sample No .. 42 .

/ Field desoription:

"

,. petrogra~
de.soription~

§J?ectrographic

analysis:

..

, j'

\ Uni t,ed Nations Mineral and Groundwater Survey," .

Somali Republic.. S'amples' .Nos:. 42 to 480

t......

Half core from 2t-inch borehole. The Project
);' '. A

min~1-alogis.t desoribes rook as IIschistose
I '

gneiss~o granitoid oountry rock apparently

unaltared". )
GlI . ,

\/1

.;

Heavily albitized oligoclase-amphibole granofels •.
• J

The amphibole i~ pleochroic in gree~ and yellows

~arid is probably oommon hornblen~eo It ~s parti~llY

altered to ma~nesian ~~lprite with s~me. r~re stilp-
"f'l-:i""'.c.

nomelane. Very sm~ll orystals ofl~9nazite are /,

present, but rare, along'with minor patGhes of

carbonate.

( I

X-ray'fluorescenoe spectrometrio analysis.gave

the following resultsz
. '$-'

Th0
2 == .( O.·OO1~

U
2
0

3
= <. O.OO1 p

Y203
. r1

= (.0.003/0

,,,,A.·
~.,.~

"

...

"

I '. .
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I I }~ \, •

\
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Sanrple .. NO$fU: "
" . -' '.' J, _ .'

FJ.eld descr:J,.;e-t:i.on:
. .,; I

"

I

p~troea;pliiqal

descril'ti~n: r

f;

\ .,'

~;!ectro~raPhiC
, ( '. \'

anj9,lysis:
I

•
"

:i

.\

. ,

, \
, )

.'Jial:f core' from 2t-inch' borehoie. ~roject

min'eralo~ist,described rpck as, "granite textured

country rOQk normally ocGturring as, conformable.
,',>l ,.' ".

bands 'O{UP/td a,i few metres width' within country

'rock 'of the '~tyP.e i~, S~im:pl~' No. \2. "

, The~ rock iE? fairly' ooarsely banded gneiss.. The
\

light ~arid is a plagio~lase-qua~~z" grano~e~s'~

with subordinate biotite with a Ifttle ilmenite

.' surrounded by leucoxene.
, ./

The d(3,rk band' is a :plagiool..ase~~iotite:""amphibolite

with ilmenite and' :pyrite.. Rar,e pleoohro~o
~, .

haloes in biotite surrounded small unidentifiable
J:~ .

inolusions. Some apatite is present but without
" ..,

pleoch:lroiq 1:1aloe8 against biO'tite ..

."

\ ~
X-ray fluorescence spectrometric analysis gave

the following results:

...
,,'. .

, , ,

;.

'" I'

Th0 2 / == (. 0.001%
,A ·1J208 == .Z 0.001%

4'

...
0' _ Y203.' ::: <0.002% ,.

,

\ .

,SaI,!lJz1e ,No. 44
~ 1'&; /'

Field d~s6ription:
" '

t

0'

Half oore from':'2!-ihCh borehole.. Project

mineralogis.t describe$ rook as, "altered'
. .

mineraliZed schistose-gtteissic ·t:y:pe· ore" '"

"

, .

v.-'

. '"

. .

~ . .. ....

of '

o '\
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- 31

..

,
, ..

-.

A biotite~oligociase gr~~ofelS with ·ma+ked
~ ~ ,

sopistosity indicated by pa~allel alignment of
~ .., ~

biotite and dimensional brtenta~ion of'p~agio~:
. :~ .

clase~ The o~igoclase is :heavily albitised,~nd

.~e relict ho~nblende is seen mantled by biotite
and' chlorite. . .. \:.

.
Petr~&r~:ehiqal

.. ' - -:' ,-,-.

descripti~n:'"

, \

,,'..

" ,
". ~ .:

Spherulitic thorite assoeiatedwith haematite i ~
i

is very frequently assooiated with areas ,of'"

carbonate and chlorite apparently formed from
• • j • ,~

degradation of amphibole. The thorite is often
- fJ'

confined to the boUndaries between the 9arbon~~
( . ~ ',.

" .,

!'

I
r.'

t·

;: -'C" •.

, and the host rock giving a pseudevesicular a.:p:p~f!'r-
. '.' .. y • 4 " •

ance to. the schist.: Otherwise the thorite is.

) 1 .

o ,

located along tension cracks within and grains

boUhdaries between plagioclase grain~o The

spherulites are apparently nucleated on oentres
I

-
upon one wall of the crack giving "'incomplet~ .

's:pherule~ .

j

" §Peotrogra12hio
"',_ 4

ana1lsis:
" 41 ...

X-ray fl1:toreao~nce...__spectromet-r.y"gave the
~ .

following results:

" 502%
• I-\t. ....Jl,C'·a~t

~Th02
-, ~ '. ,. ~.

~ .-.
,U

3
08 = 9. 24%

Y203
' cfl= 0.13/0..

'.. .

The thorite acoounted for all the uranium anQ

yttrium in the <.roo~.

~
'·1( Iq
I
I

u

" . 6 '

'(

t
"y

, "

"

.. .. /

.... ,.,.\.'
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.1 '
.~,
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"
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Project
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" '"
Half core fr:om 2t0inpb, borehol.e.

, J

mineralogis.t ?-escribee' rook a"s, Italtered

sohistose-gneissio type of tre with less·
~ ~1

'mark-ed banding11".

.{

. ,

. '

~, .. ~

'Sample .No •• ,45··· Q.

~"';,', " ';,··:-J->tr'·" .. .
~Fi.e~,d·~e~·~.~ip:tion~-
.~ .~ ;.:,;... ~ .~,,' . . "

\- -

"-4'",.•

G" • '

,r-Petrogra£hical

desoription =. A plpgioolase biotite gneiss with abUndant

'P'a tches of~~~te •
.,~ ,

The" uranothori t,e is spherulitic and in most
, ~

caee~,is nucleated on coffinite'U Si (0, OR)4'
The uianothorite is mainly confined to large

areas Wh~e it ,appears to be a pseudomorph af1;er

,amphibo14. Where these patches are entirely

comp.osed of uranothorlte and coffinite oonsider-
'"able quantities of haematite are,also present,

I

sometime imparting ~ deepred body colou~ to
~

the uranothorite. Elsewhere, but f.'arely

the uranothorite is qccompanied<>by chlorite

but without haematite 0

')
:1

§peotroJ,raRhic

ana1lsis:

... ;

11,

; ,~

,
X-ra~ fluoreso~nce speotrometry gave,~~e,

'cl ~.follow~ng. r6JLults:

Th0
2
,

~

6'06%.... ri -
U30S /s 1'1> 4%
Y203', " cd'::z;' 0 .. 17/0,

, '

Analysis of ura!,lotb:qrite separated from the
•

sample, gave rrho
2
/u

3
0e ::;: 5.' The remaining

U
3
0a is aooounted for by the ooffini~eo

". ""l.~.:, I,. '1'"

\. I
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Sample ..Noo 46

Field desoription:

Petrographical

desoription:

.~

\

\
\

()

"

33

Half,~-co~~~~fr(Yll 2t-inoh b~rehole. ~roject

mi~eralogist,de$cri~es rock.~"aI-tared. '

mineralized sQhistose-gneiss¥c type of ore,
L, •

similar to Sampl~ Noo 44-but at boun~pry'with

granitic type of o,ro";

. In hand sp~cimen the rook can be divided i~to

two parts; a light part 'which is a plagiokose
, , '\..

biotite schist with small amounts of inter · ...
~ "~, ' .

. ~ ?'

stitial oarbonate and thorite, the biotite being

oocasionally replaoed with chlorite, and a dark

part consisting of the above constituents in

roughly the'same relative proportions but with
• 'I " . '~

'thQri te making 'up' about 20% of the) total., I~'"L'_

.-ih·i·~rt ~ the r;';;k the bioti t'e has··be~n allllo~:t
'~ntirely replaced by ohloritee The thorite~ is .

.. virtually confined to. the grain bOWldarief.3. betwe,e~

the very much larg'er plagiocla:Seorystals ~nd
~ -

localised along t~nsion oraoks'within th~ ~lagio-'

clase 0 ' Rather~ l~rge quantities "of' ha.ematite
. ~ ·.f

are associated with the thoriteG

X-ray -fluorescence s~ct~cmetry gave the ~o11owing

results:
(

I

"

\. r

,-
d'

-,.... ,

1'"'

\.. I

J1!tTh0
2

U
3

08
Y203

)

=

= .. ,"

'0

, 5 8d ·.. /0

0 .. 12%

0.15%
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Ha l:t \: core-:rr~0·m" .~';-inoh, bo'~~~-hore. Project
~ ••; 41'..' •

M.ineralogis.,t describe~~ .rock as, I.laltered:
I ~ " $I

mineralized gr:anit'ict.ype,of ore" .. "
',' ~.

0. '

~. ' ....:..', ..~.

>\ .,.
\~. 1,1 •." ;. .:;._ " f.\ .......

. '\

~-ray fl~orescence
~ ,

followictg results:
'p'

· '"
".. '\

, in places 0

'".-The thorite aocounts far all
~. . ~

,y·t~riuml in 'th~ ~OOk~".
· .. ' i!'. ,

V'

p ,

J~-"

~

. Originally a .pla,g~Qolase rioh rook ·.w·~th !i01i~t':·:.:.

'The rock is i3.1bijiised and skeletal blotl te re~lnSr,-----... ,~- .~

.' .

. .

The mos~t i,riterest,~ng feature' -c,f this

thin seotion is that" there appear to be large
, ...,......

· geode~' J'Trl.i6h are. ~ned with thori te r'ims and 0,

., . , :" , - o...........J '. • .'

, , P~.Slsing 'inw~rd~ into quar1iz"'1hioh hast:r0ve.rgrown·
.. .. .. )

. 'reli<6"t "rims of oalei:te,' apparentlyrepia~ingthe'

/ ca~bo~aie ~ ,
'. . . ' ...

~--.... ..-- ..../ ·r-lt \'

"

.~..

"

" lb-,

\.

..... ~ .. \

• . 1.' .. • . ~ • I •

-ABa;+ysJ~ of~epar:ate\ tho:ri~.e ,from :~~is rock

,0' g~ve resultS'for the three oxides l'i-sted' above
,.' - • -ll, • .;f{}" .
'.. ... • ., ',I

, .. '~, ~ '),~; ~hich' were' iln.', the same' relativ-e pro:po~tions .so

that the tl10rite accoUn"t.ed 'for etl:l the uranium
• f> _ 1 '. ~

,: and yttrium in t.he r~ooko
'1... Q
~~

*"

.\

, ~.

..

'-"

. '.~

/.'

~"'"""'...-. ,

, './

' .. ,.

..
. ",

:fI/-'..... " """ .
.. '.' ·t t\'

...... . I;j

... '

.. ~;. I ,. I r

~am:ele/NOo I}[ -'. .
• I" ,

FietdAesorip~ion: .'
'. '7' ,.' '. '. ....

I • . _----';\

/;,

",,

.....

A,

Pet·6!raphical
.. deJc;'iJ?t ion : ' "
~ i'f ~-

~

./

. •,s,.' .•

.', .·~.eetro,graEh~6,..
.•.,...... .. -r- _. ..

--. ' an~l:y~is ; t
...,

.'

'.

'" ".

.'

• ,. .• ,~' i' ..

' ..

1 ,

.'

6-,

......

:' .•

'.' ~<

. ,

"• W--i"

, ..
Ft'.
'. , J'. '.-
" f .-
'....,'1'. ,.

.../." .

, .~~
,

q~~ ~~ .),,: ••~j' J. .): ....,.'
• ..~. ~ /. .. "t! . ~ ....' 't

.\ ...,~
.i"~ .~. ,." ~. '.' \ ,11'" \(,.

,~. • ; =";",, " •
,;'>' ..." ..

,~:;'J ,~.,. ....., .~ . ~ '.~~'~', ' ~ .~!? '
... \ ~ .'. .•• ""I '.; ,

~~

~t '
i,

. \

:\

i ,•.

.
.' .

! '

."

....

.. , .
_''11



.'i.'"

i,

I

er I •

- '

"

\ .

. "

"
.~:;;;",:z_~-",~~.> '

.'

....
.~..

, \

"

o.
J.

.'. ,Y"..,.
":", ~, I;,· .

'"" ;

35\ -

"." I

"/
. I

.. ~

l <'

...... .

Half core from 21t-i~ch borehol~•.; Projeot "

min.erctlQgi,s t describe~ 'rpo<k a.s, "a.ltered'
. . - ..... ~. . -'

gr~nitic type . of ore wt th some ferrUginous

A '_'~stain.ihg" .'
"; I

.A very coarse gneiss o~~g:i.nallY with large

altered plagioclas~ and mic~ooline ~rystals. . .

oracked .a:nd b;ok~n; o' the, v:einlets formed
..... 1'0 6 _ '

\ being filled .with. aggregates of th~rite, aaso-

'oiatedwith well-formed olinoohlore and ~iotite•. , ,'#
86me'vesicular structur.es .;tre" also' present with

4 ' ,

a similar'nature to those described ln~Samp~e

Np" 47, i, ~ 0 margin's covered with thori te grading
~ II ~. i

\ ,

inwa.rds through' oarbonat~ t~ ~u?:zcr:\ i .A~ though

the craoks :tn the fe Idspar orY.stale ",usually "'
_ 1,\ • ..er

contain thoriye, c,racks filled etl.tirely Wl. th
, ,

, .
.c~rbonat~.. are also found 0

...~.
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a.cciount.. f,ar', thes'~ e.lem6n'ts' in' the':roGk'" :' .. '
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X-ray fluo~escenco-rs.p~9t~metrygave the;

fo~lowing result$:: 'r
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A complex ~f -bande~gneiS~e~ including granitio .
~ • • 'A ...

ar:td' :plagiocl.ase amphiboii~ic bands has '\).ndergone .'
"• ",...' p "

l,at~r ,:p~asible. hY4:~ot~_erm~l,re,trograde., ~lte:r~~li..~

alo'fflg ce~in· bands with extensive albitisatio'?

of ~~pars, -the 'p~oduction of ~hl'9ri:t~ from '. "
~ ~ ..

I ,," . ".

bioti'te and the a,lteration of ~{lm:phibol~ to oarbo..na·;te

. ~agnes~ian chlorite'apd haeI?atii1e~ :i?osaib~e con- ,,/
oomitant with -this. hydro>thermai ~o t,ion was the

. "".. I ........

I

introduction of thori't:lm,' uranium. and small amoun'ta

of rare earths , along v1Ubh S'ilioa 0 _ The faot that
. . 1

uran0tharite, identioal in appearance to' the
, ~ ~.' ":

, ~ spherulitic t~orit,e commonl;y found, i1\ thes..e ,rooks,.

is apparently nuoleated .up-on :'ooffinite suggests'
• • .. .... '1 ~

that the ,uranium bearing solutions may haveprooeeded

the thorium in oertain oases •

J.
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. ',. AP~ENDIX,No. 2 . f'
~ .' ~niERALOGJ;C::AiREPO:flT~OM'?OLW.1BIA ,uNJ:Vl!lI!.SITY!
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.~ ,
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a- ~

, . i'. ,

1
~;

: '

"

Ri',

, '

, .

"
.,"

" ,
'''\i /'G~ .." ,-,

. ,,~.\.",
I .

sample.s fr~m~omali~Th/q ~ocurr~noe

and monazi te. ',.

"/ '

opt ioal 0 pservatJOliS:' in' ~hi)~~:kons ,

~" ",...
Sample 42 F~ldS.I)arB-amI;l~i bole-~fot'it,e sqR,iet 0 Medium grained •

op~d~d r6~k .. \ 'Mineral';;~~:~1it' ,~n o:rder ~of d:eoreasin~'
, I .. I • '. '; r. ;"tl, . ~. ~.

ib\y~dan?e a~e ~ ., .Feld~pa:ds .c:l~t~~\i ,to var~ou~, degrees,

Ihornblende and bio.ti:~e (interstit~al.) ~ ,apa.tite, zircon
....:o.~ ,

t'

'l

.>'

, 'i
, "

",

o

,7
J' '

"

Sam'ple 43 Felg.sp'ars-amphibole-biotite' rock with, :l.ittle ;quar.tz.

/. f / \. G~nerally"sim~l~r' 'to. Sa~:pl~ A~~, but, ~a.fic min"e~r'lS
.4 'f 'I f' • '" .",.

·(hOF~bIende··an~.q~.~~ite) ar,e .1-ess ,abu~dant•. , B~~,

lamellae ip ~~ldspars.~?~ ~train shad.ows sugg~~,

metamorphio'origin f~r the~na~ed rook.
J '\ l··

, "

r •

, '
~ . ..'

, , • I "'1 '1. ~ ~ t. ,. 1Io

Banded~oc~.flLlnd3m~ntally~-~im:il:ar.to ,S~mplee 42 'and 4i.
, . . ~. .

but eac.tremely'. al tered. Replaoement of primary ,~

mi~erals'~nd \ d~eJ)oiAt~on of "seqO~aary niinerals is' ,;. ,I,. ./ " " .
, 50 •

widespreAd·" ' Spherulit'es 'a,rid botryoidal -masses, ·are '
. ~ () • "' \. Q

.filling"Spa~es~wee;feldspars ?nd appear to be
"; ',\. 'lo"', '. ' • It .,.,

r~~pla6iiig 'amP4.iGoles" and ~io.:tite_tovar'ious <iegreee:"
~.. • ' l). j 05 .... ' • ". • '. ( -. ."' .. • ", •

Usually thsse masses have a,~co:re' of a. cubic m:i,..116.ra1 '. ' , , ".?- ",
completel,Y a;tered and ,re,placed. ' ,Oc,9a~ional1y ',ziroon

ct \. 'I' ) \ ,

·is, ,found,Jit, -the center of the spherulites;' /'
.I ~.. · .• ·4 I)

,t<_f~

I

'I

, "

Sample 44
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Medium-grained, rook very similar to sample 44..r, , .
/ .Bbt:vyoidal and globU'l~r mas$ es are, ablinda~t a;~d 0,

r" l .. ""

i / oommon"ly s1iainedby possibLy '-iron o~ideef:' . !nter-

,i:~' .sFtia:loalc~te. :i..scornmon~.. : OoOk;sional: c~lloform
tfJid.' ,,' ,

. lll8,;SEH~S S'- bl,(itok-greenish, .a':p'~a.~ to beJ?ito.hb1.ende,,~.,,',,1 '' .' e ,-;. \',' • , ,\' •

J ~'~ I.
"
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, .
/. Sampl.e 4-5
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but ,not ·'bahded .and' coarse gra~ned
';0

The same

. -"

.;

... 38

'. ,

", f

'\, ..

. ,.... , ....

, .'
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I ,_

,
.,.. ....

, .,." • ~<t>

... • .... ,c.,'. ';y ..
G" _ ••~. ~ I " •

Siroilar,', t.:o' 45 and 46
, ' ,1

Replaoement ~and ~lte'ration 'is ,,.ex"!ire~e·_,,, '
," " " _I • ',:"

,'type of 'botry6idal' a,nd g~obular m~sse~~": ar.e present

'o'c,c~s'ionally"'wtt~;ery, fin~' need_re~' of' arf,'~paque
. , '." ~ . .. . ,-, ..... }

mtn~ralwhioh could tt,ot be .identified .. , "",:Ocoasi.onally .
"t)o , ... '" ~"

col1oforDi.;..~asses ~PP~¥,to ,b~' pitoholende...,

"

, '

, '

, ,
• I ~.

'I.... . ..• cA 'k "
.~·i~ar.'to-" S~'~~le 45'." The' ~rain' is a littie fin~r, .'

-' but ,t~~, ~irierar assemblage' is', very, similar·~o'.,t~~, '

preceding one: Iron stains appear however to 1;>a.
. ~; ,

. _,'. "~ess •
"

"

r '

...

, .

..

.\..-

:-

. . ,

'sample 47

.,.," .

I

,~l'11\

, J\Q.
~.

'I \. , .. '

:'(' ,s~:u»:pi~ 46
~

:'f> -',

'.

.'
. .... ',

,.

: . :.'.
, <8'

, ,

:it ..

; ,

, '

.Qj "

, .

..... 't

not

,{J
, ,

, "' .

. - ' ',)

Siriii~ar" td the prec~ding Sf:3,mple' 'but \;horn1?lende is-

p~es~n,t' .and' th~ ·~bi<f~J..te sho~:lea.c.,~ing!'~}i,e~t8.
l-- i "'4 - ... .' 'J 1 '. . • ~ . ....

"~ - ~, ~ '\- • ,:' \. ,,~. 'I ~ ..,~, ' ,r -

.Opitca~ obse~~~tion in' po1ished ·seotions~
~ , . y ..{" .. :lI J _<I f.'. ',~" '. .

" , I . Sample 48'
.. '

" -

'. ,

'. '

---

.
• "<:

, ..... -

~
I

If> '~ •

. "

,,,,,,.
, ' ,

"~ ..

- ., ..... to

....

" . ~,

,'lr "

, "

" .

',1

" I

,',

",:_,''1"",frl'
4' , .. ,

- .

.'

J ,"" •

, \
1

.... '

amounts of galen~ and som~. ilmono-

tos8,nipl\e 44 ..

" ,
...... ,

" ,

Plfrit-e, small

magnet,it~0 i

, .. :I
.",

t;' "

..J$' _ .. -l- •

Pyri t'e: and' some ~len'a, oo.th in've-t-y:\small' a.lt101,J.~ts ..

.,
'Only -v~r:if'ew ~rains ~f" chaicopyrit8 .::'

"

,Sit!i" ,
<\

, "jilo."" '
"'; , - -. • / , '011

. ,./I." '; , • -::.
\ tr'e,ry 1ittlepyrite, ,some IDetamict ridt)ei~a.i~, proba,biy" ·.'
zircon b~ thorite ~_.1 • '... ' " .. ",

";, r ' ," ~ • •

~ '!'hoJ;i te- (?) in, thorogu}Iltn,~te 'masses 9~ ,,-poss~ble ~som~,
i ~.. I" . .:

. 'pitchblende.

....
,~

Sa:mple 41"

;:',
Sample, ,.43 '

Sample '42
, ..

•

Sample 48

~amp,le.,4~
: ~ ,

Salnple ~5 ,: ,

"

, ;. ,_ \I

'.'~,'... ' ,

,. ,'Sample '46
, "

"

o .

..t-
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39 -

\ ..,.
. ' . ,

,", I

"

t_' ..

, .

..

and' individual'"
£~~m'" ~~~".; 80' ,

/,
. .'. ~

, ,
methods' ,, .f

, , "Atl,'tp.e 's~llf}:)les ltave been o:t:'1Jshed a,p.d 'sieved

;fragmen~et 'ha-re been$,epara~ed;,o flIiner.al se~eoted

f'~a.6tion~ ~er~ ~fialysea. ~s~ng '~-ray, d~ff~aotomete,r

.~ .

,,'

.'

"

, ~

" .

0,'

-,. ~:

.
I

, .. \'. .. '\

/~

..

,,' .,0-
tI' ....'1o

\. .

-'.

l

.
e

,;

thorogwnmite' (thorite-?),-
'\ . .

..
(.,

....

qlla~t:<:i.and 'thor~gummi~~ 0

~ -... ' . .'

...J' "

,,
" l. ~ ,
:f~l~s~ars~;·. 'thoro~~1.te

maSSes:

masses:
'. ,f.

.... , ",,.,,,' ...
- ...,"\ '.

:. 'i~.
~'.. ,

<, .

w1+o1~ sa.mple:. .
, (thorite?)

, ~ .
red globular

some h'emati~e

the dark mi,oa is hydrobiot..i te I"

\ ~

Q L dJ~rk 'br9~

( ~hol"i te?)
l.-. <;

a).

, ,

a) whole s~m~;. hornblende ":albite

b).. reddish. bl'ac~\pellets,,; th~rG>g4tnm,~te .
),.

Reddi~hfrag~en~~: ~orite or thoro~~m~te
~'.

vThole sample;

~horoguuupi..te 0

~

Gre~n~magsea:

1 •

.-g -,,:a \;''' I

f

.,
"b" ..

.. ,

...:

.
Sample 44 -

,
S~mple 47--

Sample 43 -

~

Resulta follov1t
~

_Samp~e 4~ >-

't

Sample, 46 ..... ~, .

(' '( ,11'

.'ifr,- ,~, < '" )
• ,,'" , .I '"" .. ~ '\ ' •

'., - !1'he.1geparation of the fbotrybi~~l"masseswascarri,ed out because .. _,~--
.. ,;.\ -~ ',:" . .- ,.' .. ' , "./ ~. ,.,~. ~ .. '.' '., ':

· 'ide.~~if:io~tion wi th ,-optioa.l~ metho-~~'{, due, tQ' .the ..:v6;;1 {~mal~ size ef "

:tohe:' orys~a1,s in the a,ga:regk,tea" ,was' impossible Cl ' • \ .-

. '\ " I ').(1

'.- '~ . t
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I ~

) .
if'j-.

... , I

" l~", ," \J ''''\,:: ,J:, I, ,,; "'!," '-,
~ -tf' ~.~,.~ .'. t: f? I;> • ,.'

..·.::~r::;:ute~,\.q.~s.o:ril't~on ?+ ~ho+ibgqlPmi t.~ a~ \ given -in F:poni!el, does. nQt' ~.
. ~ ..' 'l ,~.- • .- .,t' ..~.

, .. ~ >~U~te ..~~~_~e~:~?4;~t9 .1{~~ m~~~l~r!~,l ~.~h~t. :P~o~lfo~~ cop~~an~~y:,'~tJ:~e paiit~r.~
~f' ~b;dI'O~~m~ ~eN~ X-raJ; \all1a~'ysi~ 0 .. , • _ t .. (.

. 1" '" • \. 'I ~ 'iot... ~ '. ..' t" ~

~ ~ ~4" .:"...: '. j

1 .

-

'\ .'. -'"I/;. _ l ~ .•:t~. .. 'r '

M(:,.~to:.f thE!, spher,uli tee or botryo.idal rnaase.s oO,ntain" a" reliot.~
. . '\.:'! ... oh' ,: • j .,' /).' I ,\ '"'. '

" oryst-al Jlin thei:t 'oore 0 Could ha~a b~e~- tp.orite or ferrothori te 'b~t
.., : ... .. ~

'6 • . () . l "

it is at presen't altered' and replacedo "
.' " . " '. . . ,', . ',' 't

T

, , ,

, ~~oc~aionally the' spherulites cqntqinrelicts~f zir~qn and/or
. ... . ~ . .

~onazi te41 "Both 'minerals may contain u:t'an~u.m, thorium anJ3~ ytt:;\?ium.
-; '. l,), , . • , ' " ' '. 'I •

"

, :
J

'. ,

"

JI
I

jf,

L::-. -----

/ .
, ~ ~

.:

....

~horo'gummite 'oannot b~ obt~ined
• 4 ••

• # '\.. •

b~~h min~'raJS, ~ro,duce, ·.fu.n~a~ental1Y,: the
:-r~' ~ .. ' Gl ••-.: '''" f.

4
.-. ':

beoause

. ,

"

.~

, Distinotibn b~twee~ .~horite, an~

~y i-ray methods
" ,. ;.

'~ame :pa~tern" .'
, . ~

..
\','

•• '. I • " '''.' ~,. "

o other min..erals (·samire:8~te.,~,clatk~ibe~'.ourit'e)oould'obe p'resent
• • ..." I '. . . ~. ~. • , • 4 ~' ~ ~. .. ~'" .~., • \ • ' .. '

o in the ,aggregettes:in amount bel,ow:~h~ limi-p of.·sepsi:t~vii{Y of,X+-r~y

."~e" thoi~: ..,..~~re "il~f,. or~a t~ 0,n ~,po~jd' he p,bta~ne'~ th~~ll.~h ~epara~,~Q'n :with,
A-e,~VY' 11qUl.C1$ andana~~s~s'o~ ¥epara,te ;fra.ot~+pns7 but more· t~JDe and

- I' # >' ..'-', . ". _. - .'
work Will be required.~

4!" ,

. ' . ..'.......

'Urah~~ o'Xide, ~ 'Pi tc.:4ble.:lCle· ~ari'et-y, appears to 'be present" in

oOl'loform m~ss~s 'and as, c~~ting~ in th~ rook interstioes and is proba~;lY.4'" , _.....
of se)Ql!lndary or,i,gin. ~~,

~. .
, '. Sqme of the monazi te and' ziroon crystals are very freeh and

~ \,,~.

. ::'.

" ,

Thorlte anti the .secondary mi~~ral"t.horo~mm:lteopul.d. .
.... T·.

a.ooount 'for the uranium oontent .of~... the s"ubmi-tted samples...
.... If --~

'"
'"I~ •

'I'"

".

redatively abundan~t in many of tJ:le' samples 0-;.
...

"

. .
,. ,
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SaD.lple Lengt~ %ThO~. %. Th0 2 ,~:"V~08, % U30 8 %; Y203 %
metres ,XRF" RA" XRF NA. XRF '

j

,0

, . '"

"

.... '

, , .

,\~

" u

• 0

o

,'''', ,,"

1 "

• 'I '

CHECK ASS~YS BY lNSTlTU~m OF GEOLOGICAL-
( ',1' ,SC.IENCES z' LGN.DQN . 3

, \ '

, .
RADIOACTIW SAMPLES FROM SOUALl ,REPUBLIC.", '. , ' T:

...
,'.I •

ANALYTICAL RESULTS ' ,
; '. J I -, :,.. ,

Yb ,% Se

OE OE

\ '

, ..

"
"

,

1 3.40, . 6.5,
2 ~ 3.00 ' 4,,6, '

. 3 2.00 2.1
4 '~3. 00 0 .. 3 ."
5 '3.00 1.3
6, ' .. 2.00 1 .1
7 3,.00 0.9' \'

8 '3.00! 4.. 0
, I

4.89 3 .. 00 '
10 3.00 4~0

0.09
0~o8

o. j 2
, 0.05

0.04
. 0.05'

~' ,0',,05'
0.14 '

\

0" 14
0.12

.'

"':".

001'8 .
,,' O~ 18

0,,06 '
'0,,'01

", .01'04
0,,02 .

. 0.03
, , ;; . ,Qo'l1

O~05

0.11

,.
....'. "

I, ,- '\

•. r,.

" >, ..

/,
f

" ... '

.'"•

,-, '-)....,

"',: _·\~t
"'.. '. ,'\,

, r

"

'I , • -r

, "

.'

" -

:;.
....

"

, ,

...
, '~l',

0 .. 10\
0 .. 08
ObOe
0-" 11,

.0.09
.'-@~08

0.'09.
0 .. 17

, 0.10"
',0.07

0.08
'0.04
0.05

,.0" 13
0009 ·
0 .. 11
0 0'05.
0 .. '13
0 .. 19
oQ; 12

'\ ;

, ,.

'ft·

, '

.', \

.' .

p ,

.~'. 't " "

0009
'" ;:; >". . '" ~

"

0 0 21
~'O. 16
0.04"

"),'

0';/14," :
0.12'

'6\0.1 '
Ool\?1
0 ... 25
0 .. 19 '
0;04

0.0'4
,D~04 '
0 .. 07
Q.04 '
0. '11. '
0 .. 1'3'
0,..-02-
ot> :1,1
0.24 '

',0.'12

I

, '>/'

I •

" ,

, .2.3
1 .8
2.3
5.1
3.1 ~

4" 2, .
•?.. 2

5.0
3.6

-4.8

3.8
3'.. 1 '
3.2' -"

'A·Q·
:i,..,.5 ,
3.1
3.5
7•()
4.2
2.b

.3~OO

.3.00
2:00

.2.00
3.00
3 .. 00
2.00
3 .. 00
2~'00

·}.OO

'2.00
3,.09 .
3.;00
2.00
2 .. 00
2·.. 00
3~00

'2 .. 00 '
,2 .. 00
2 .. 86

11
12
13

'14
'15 '

.. 16
17
18
19
20

21
22
23
24
'25 .. ,
26 "

o' 27
- " 28
:,29

30
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APPENDIX No.•' 3 ta)C9ntinued

,;.

. \

,

% :2°3 '% Tb .. %.So
XRF OE. OE,

r
)

.~.

'l·.

..', ."

\,

/

% U30g '%
XRF

)

.
% ~ThP2

I¥1

.
'~

." .~

, .,.

. .

........,- .
....'

not detected" ,jlY'
J

I .

X-ray fluorescence, analyst Mr .. E "Raynor
, '\

'Radiometric assay, ana'lyst Mr .. E.. J. Haynor

Neutron activation, analyst Mr~ M"J" B~own
._ '" I • •

Optical emisai~n spec~rography (sem{-quantitativ~determin?-

tiane)? ~nalyst Mi.ss D~"M: Hosking (Chemistry and Ceramics)

Unit, Gr~y's .Inn RoadO~fice)•

t .

3~6
.

",3,,,'00 0 .. 21 0 .. 10 ~
,"

3 .. 00 305 0/).16 0015 .{
, ,.....:{"'.-...........,

1.80 3.6 :\' 0.12 0 .. 09 ,\c· r

·2~00 4~O ~ 0 .. 14 ~ 0 .. 10 ~fI

,.?,,40 2.2~ \ 0',,07 0 .. 05 ~

2~50 :3 .. 1
\

0 .. 12 0.05\
. ;

I,
r~;';

i!C'

1.50 1 ...3 ".t" .. \ 0 .. 11 0.05 '.~

2.00 1!" 3
I '~\i

.IJ",04 0 .. 05
96040 3.3 3 .. 6 0~~2 0.13 0 ...08' 0 .. 02 00004
15000 -~305 4.. 0. ~: '0.14 0 .. 09 0,02' O.OO3~/

Min.qamp.. I n .. d. r n.d .. O~-OO3
,

~u tI n .. d .. n.d .. 0 .. 002

" .-l~~-':. P -5co2 0.24 0 .. j3
·.·""~l ' "~

~
\\ J, .

tf '1) ~ '-', ,~----
~ 1.4 0.17

'-'._'i-~. #

5ot(" e It 0.12 0 .. 15 "
11 n 5.. 8 0.04 0.15 (
It It 10 .. 5 1"\ ~,., 0.28\ v"V{.....

'I,

l/ •• '

XRF .'
~

RA
NAti'

42
'~43

44
45
461l'
41
48

. OE

..~

o i / ..' u

.. Comment.. . ~The X:-ray' fluore~cence, radiometri1 rand ?eutrop. act\~vation

. res\.\lts· for the,~~~epresenta.tive sa.rcm1es 39' and 40 ,are in good a,greement •

..~ith the ra~i;m;~hc detee-tiers us~d', O. 12% u308 is 'e~uii;a~ntie o. 3~ ..

,T~02' '"t3? th~. Th02 co~tents calculated from the XRF :results,'..are 3.. 8%
., . " ....

and 4.. 0% for samp~a 39 and 40 resp,ectively, as compared with 3.. 6%~

and 4~0% by ra~iometric as~ay.
"'p .,- " '-. • '\ ..

".~ 't

....

. .. ~ ';.

8.a.mp;Le: ,Length %', T'hO 2

metres XRF
.~ . .

"~l1
... ~ 32

.33
,34
35
36
37
38·

, 39
49

If 'r

..

",

. ! .

,..'

. '\'

, ,
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I

~ " ..
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Check Assays by Eldorado TJJ:ining and Refining,Lta. " ,ottawa&. c Canada

.,"'----._,.

o

"

l' .'
T \;

"l~. '

I

..

..

5.11 ~ /1..
3~7;'

f~\92 /,
0·;,31
1/08
0.80
0.74
3' .. 19 .
3.88 .
3.88
3.09
2.60·
2.63

2.37
.2.63 '
'2 • 50':'~~' .

2.63
... 2093

2,.84· ~...

2.90
2.023
1092
1,:1 S
1.15

. 4.. 95
, . ~ ),,46

4081

"

5.05
·;le 71
1.73
0.23­
0.95
0068
0.55
3.25

. 3.51
3 .. 55
3.16._
2.78
2~76

. 4.10
2.52
2.:76

'2.67
'5 •.67 il

2.39
1 .76
L.B8
1.27 '.
2 .. 01
5.07
3. '13
4.43
2.26 -e.
4.. 90'
2.82
3 .. 68
2078

. , 2,.13
2....93 .

$2.93
1064 .

'·1054
~ 1.38 '),

1.43
'. ,3.00

2.91

Analyst Ana11st
- 1 2

q -Thorium%' Thorium. '. J
Th

',: .

."

/

f

{3c.tmple
__ 1" •

Lon~· A!1alyst Analyst
~ .

UN Met.' *' 2'I

,; Uranium Ur~nium,
.'R&D No. %U308 -

t. .....-
.' 605-222-1 C1 (b) /3 040 0.100 0.100..~

" -2 C2~b) 3.00· 0.111 0.114..{
...... ,,"r._" •• -.~ , ~

\:. ~ -3 03 b) 2.00 0.121 0 .. 122
\ -4 . 04

~~
..

~I'I 3.00 OJ037 0.037
'"0 . . -5 ·,05 3.qo 0.060 0.067

-6 /06 2.00 0 .. 038 '., 0.043
~ -J -7 07 b) 3.00 0".. 054 - 0.053-.

. -8 . c8 b ~ 3nOO 0.142 \ 0.149 '
-9 09(b 3.00 0 .. 142 0 .. 147

-10 01 O(b) 3.00 . 0.122 0 .. 129

~.
..

b11~b)
,

. ',( -11 3.00 0 .. 201 0.210.,
~

-12 012 b) 3.00 ' 0 •.167 0.163
\1

-13 C13 b) 2.00' 0.091 0,,083.
-14- 014 b) 2.00 0" 164 0.167
-15'0 015 b) 3'.00 0.112 OP. 107

\.

0 -16 '016 b) J.Op O~110 tl o1t:.t:.
"Cl IVV

-17 017 b)· 2.00 o. f70 . 0.175
-18 018 b) 3.00 0~234 0.239,
...19 C19(b ~ 2.00 0.140 - 0 .. 149

? I

-20 C2°ib 3-.00 0.056 0 .. 056
... 21 021 ti) 2.00 0.051 0.049
-22 C22~b) 5.J0 CLv'49 0.050
....23 C23 h) 3.00 0~080 0.082
-24 C24 b) .. 2.00 0.050 OoJ48
-25 C25(b) 2.00 00 'j 11 O. 12·
...26 C26(b) 2.00 Q.168 0.185
-27 027 (b 30GO .0.053 0.051
-28 C28(b 2.00 0.179 0.173
-29 C29(b 2.00 0.234 'O~222

\0- -30 C)O(b 2.80 o~ 1'\11 0.~100

"= -31 031(b 3.00 0.116 , o~ 1~3
-32 C32(b" 3.00 0.151 q.172.. '.....33 C~3(bl "1 080 0.139
-34 C34(b 2.00 0.119 0.113,

If,
-35 C35(b 2.40 0.115 0 .. 108\

" -36 C36tb) 2·50 0.117 0.109
·...37 037 (b)'

I

1.50 ,0.100 0.095
-38 '. C38(b ~ 2.00 0.042 0,,047
-;9 ;'C39(b 96.~0 ·0.13'3 0.132
-40 040(b) 15·°9 0 .. 123 0.121,

. '.
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Treatment

Pr'eliminary leaching tests on ·'the oomposi te 'sample indioated
,1ft •

that the' Q.re c·ontains. alkali equivalent, to ~%,. of limestone.
,.' . .. . :kii~,

of {~)le."nia.terial as<;r~ceived, -ioe" 28% minu~2'dO mesh, was not satla-·

ia~tory~s boiling'50~gof ~re for 6 hours w~th 50ml of 4N H~SO.
'. ~ '~"~\ C 4

extraoted'only ?4% of the ~raniumo Grinding the.ore to all minus 200
.....

mesh inoreased the leaohing ~fficiency to 42», " ~to 81% when the

solution to ore ratio was doubled. When 50

• Th;repreaenta,:t'tve ~site's£jnPle', C39,oontt~,~d..-U308: 0.105%;

':h02• 3,o·ahd.;T20y less, than 0.1%. ~Th'l_Same .r,~~"wasobta..:tned for\'$. .

ytttiumin i.n ,t?-,8 ,'.s·am:p~, of higher g~t.~e s'eotion, '040,'; this w;as found to </!

\3oli~ain onl;y 0;115% 1:j1",and4%'Th02. ~ . ,.

, <r

No~e on Direot ~Le'aohing Te~,its' ,
,,1' . .1 ...

I
As reagent requirements f'or the direct chemioal eatp'lent of the'

ore are excessive, we propose to "'examine the possip lity of empjbYi~g'

physiea~ methods for the·produotion of.a c~~'nfrate ~om th~ ore. ~
It suoh a concentrate can be ob\ained it wll be used ~ str~ngent-

'leaohing testw~rk. -Ut" ~
'. o

portions of. finely. ,

_groUnd ore were boiled 'for 6 hours with 50 ~l aliquots of nitric acid

solution of normality 1.6, 3· 2 and 4.0.8 the percep.tage extraction o:f

uranium was, respeotively, ·1 .. 4,29 and 41. ,Doubling the volume of
, . "\

4N HN0
3

, ~~breased the extraction to 72%. For the latter test 'the

usage of 1.0% ni~ric ~oid oorresponded to 0.6 tons .~ton of ore i
• d'" ~

whilst the best result, an extraction' ef:ficie cy of 81%, was obtaIned
"

using 0.4' tons'of sulphuric. acid per ton of re. ~

,.,..~~
:ti.~

/

•

I
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• e
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Distribution

Th~2 U3~8
~

100. 1,00

63.3 53 .. 2
:

32.2. 39,,0 .
. ,

4.. 5 7.8

0.06

',' 'b .. ~3 : :
(.~

Assay %
U

3
08 ~.

..
3,,3 ~ 0.1"1

-
30 .. 0

·ThO.. 2

. ,
>. •

/ '". '~.
; I. i .•

.i

$I ••
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·APPENDIX No" .4 (Continued)
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'.

.,. -"'.!

~ i .

\ "

)

(If;
.. -

Table feed

Concen~rafe I.

~ail~hgs

. u•

I

")

" -_. sign~d: A.Ao· North

. "
Note- on Prea;oconcentration Tests.. Sainp~e 039 'as received" containe.d

43%+ 72 mesh mate~iai, th~s coa~se fraotion was ground in a small

,mill to com:pl~'te th~~i:berati9n of the thorite and· re-'oomb'ined wi'th ..

the orig~nal ~ 72 ~e;h.ir~otfdn. '. Asampl~ of 1061.kilograms of "this'''' '. ..'. ,

material w~s trea.ted on a small labor~ro~y<-size, sha~ing tabl~~... The

qoricentrate an@. ta,ils fractions obtai~ed 'amounted, respeQtively, to 7%
" ...., ',,j'. .. ~ •

'~and 11,% of the feed, and there was. a;Slimes loss of 24%. "The distri-

but ion re'sult~ 'are ~ as follows: -;

. S1i~e8 (~{cubted).. (0.7) .( 0,04 )
I " :

'. . .i ;the C:iginal. sample had been ground to 44% ..,.' 200 mesh oarefUl

/ .. grin~ng of the ore would .reduoe the l08~ of valuew;. in' the table

. taiis,and siime~. ~ oon~entratiori ratio of about 8i1 is inAioat~d.
I A,

/ 1 r
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APPENDIX I N0'0 5
- j I ' '- 'f

'The demand for rare earths with partioula~ ,referen,ce' to that

for yttrium', ,gadolinium, th~lium, europium and erbium 0 Prepared by

Dr. D~ SJater,\ Inst.i.tute of Geological Soienoe, Lond,on, 1'9660
_~~_ ...__~_--":'''':' ~ L-: "_.__~__ ,... 'Pt, .... '_ .........

, .

'>1

,-'.

~l ~
~ .

.'11 .
i\
,1

'i~

11·)
:1
1:; "-r

r%
"

, .

Sinoe, the early part: lof this. oentury, and un,til the last decade. ,

the deiand f?r ~he rare earth (RE) metals 'has: been virtually synoymous

with that for. Mischmeta-l, a crude mixture "'of the RE metals, ut'ilised

as, a griY{ding' 'agent in the gl'~s's industry, for ailoying with iron to 11,/,
• q. • • •

,p~od~~~ lighter flints, for lt'he cores ;r arc light 'oarbons ,and mis-
, ' ' ' ,t.-

cellaneous other appl.icationso However more stringent reQ.uir~ments,

partioularly ,in the televis iO:9.', metallurgical and ~nuclea;' power indus tries,
. '. ""

f' nave recently created a demand~for'the ~urer forms of' indi~idual r~re
, .

earths, notably for europium and yttrium. ~ Several :large co~cerns have
,

therefore undertaken \,.the separation of these ele,menta on a oommeroial
~ /

·s~aleo

~; .

J'

I

The recent inte~est in thE? .)narketipg of purer rare earths may· be '
~ . ~

meisured by tlie degree: of company activity in this fieldo ~ A new

concern, the yttrium Cbrpo of ~IDerica; has,b~en formed to produoe

pure yt~rium compounds'~n response to demand from the television

industry. The share.3 are held by Pyrites Ltd., 'whioh is owned by th'e
, ,

Rio Tinto Zino ,Corp. and .the Molybde~um Corporation of America. ~
, .. . .

plant to be b:ui1-t in the U~S.,Ao wi1:.1 have an initial oap8:01ty of'
, .:" ~ , \ .. t -!o .• , ".

180,000 pounds of yttr+um oxide per annum;'and the raw mater1a will
, ,

be d~rjved, from the Rid> ,.Algom' Mines; LimiJed', "in: Canada" , Molyoorp

is also'~n the aettof'spending 2~7 mill~on dollars to expand its

capaoity for production of a new' conce~trator at the Mountain Pass

mine', a cioubliilg o~ the pres,ent production rate ~of europium oxide to
~ ~,,". l \ ...~

'. 20,000 pounds per year 'and a new fa?ili ty for the ol1tput of praeeodymium

and neodymium oxides. ," le new, cc:pad"ity will ~otal 30 million pounds

of rare....earth oxides •. ,., The ,p~rohase'of the Vi'tro Chemical Co Cl of
.......

Qhattanooga by W.R. Gr~oe and Go: is also-notable an~ gives the latter

"Q wide opera:ting,base in'the RE fie.ld.
It

",

)
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Much of :this ,recent activity. has re$ul ted' from the new europium-

. , .
phosphor l-rhicll is employed in colour tele-

.
aotivated yt-trium vanadate

-, \

vision to giv$ a truer r~d and q bett~r colour balance. The mo~t-

favoured comb~nation for t4is purpose is europium added to yttriumf y • -, • . ' •

orthovanadate in the ratiort of t europium atom ,of 19 ;yttrium atoms,·

but other combinations are p~~sible. ~ropi~m is reported to be
effeotivewith gadol~niumorthovanadateand rare-earth borates ~nd

phosphates have received at.tention.

';;"

, "

.-

",

, ..

,,
'\'

Of recent :j.nterest tpQ, is the use ~fyttrium iron ga;rnet or

yttrium aluminium' garnet in microw~ve devices. The latter material,
.. , • =--

doped 'with neodymiu~, is said to operate' at~r~om- temperature, cooled

by tap water; and to support~oontinuous laser action using.a tungstah
CI_",

<:>

'filament lamp sou,roe.
J

In 1962 the Crane ,Company announced the. devel'opment of a process

for produoing nod:u,lar cast iron us ingyt'tI;ium ~inetal or yttrium alloys'
. ,

as the "nodulariser ll " yttrium has the ,i'esirable '~roperties of' the

oonventional nodularisers magnesium~ and ceriUm, but not thJir Ufi-
• IIll" .. • ..

} deSirable properties" This ap'plication 'represents. the first potential'
4' • il .",... "

large soale commercial use of a hea:iTy rare ~a;rth 'in "pure" form.
~ - • I • > •~ '. "', •

Mfsohme.tal has, of course, been used to" improve low-alloy and stainless
.. ~ • 0 (, •

steels for some years, add as foundry- e~erie~oe .is' g?ined with yttri~,
~ ." ,:!' to ,,'

inoreasing int.erest in i is applicability 1.s to be exp.ec·te'd.. yttrium. . '. '. . ,

add~tions to iron ohromium alloys· improve Ihigp temperature oxidation
~ .
~resistence and ~n ohromimit'~eiard~ nitrogen,absorptiod. It can a186· ,~, .

be used as a oontainer for ~olt~~ lithium,.dodium, potassium and
'\. '., '\' " ,- .

oerium and,its non-registiyity'~ithfluorides has led ~o sugges~ions
. \

that it might'be.used as plumbing for prooessing fluorides. In
• ~ ,> •

these last funotions it would' oompete directly wi,tll oertain refeotory

"

'\ "
;i ~i

~~~.. .

~.

• ,

"

''\'

'"

"
o ,

metals ani with plastios"

)
,
".

•.

\ - .... ,
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RESERVES

.. '

",

~:

No ~i~re~ are a~~ilable for reserves of individual RE elemen~so
, ... .

The world's laDg~st reserve, 5 million· tons REO~lS in' California

. bastna.esite at 'Mountain Pass.' Indj a ~ Austra'liaf .J3raZ'il;··~a.lagasi
and Malaysia a).l have iarge reser~es of.." mbn~z~t'e;' but b~st'naesite i~

~ ,

now'preferrefr by RE producers who, have dffficulty in' finding ma~kets
. . ..' 11',

:for t~e' tho~i~m.cont~ined i~ monazite. . 'AI~sc~u~.er. (1966)- has poinled,

to tl+e p'ossJ.b~ll.ty of d.oubl1ng present productJ.on of the rare earths.
''\' ,!"k 1 •

as a by-produot of' 'We"t prooess ,ph013phQr~o acicI,,' Moreo,v.er', h.e e~tima:i~8'"
'. ,. ''w

that 3,00.0-4,000. tOl?-s are annually' made available' for, r.eoovery fro~ .

',' t.he .trea~.~~n~:Pf about.·iS million ~O~~Of m~Fket~bleFl~~i~~4 PJtO~,;f?t,e • Lcc:k c.,
rot{k a;+?~~!" '. Suoh: ma:rl.fie pho~phor1~a~ are :.relat'1ve.ly r10h' 1n, +an:'t':Q.anum '~'" '""f~~:.~ ... ." J

'f;1nd ;.t.tri~m, ~t ,the -~'~pe~l3e' of' 9~~i~m;.~~ tli~ J-l~~i~;,·.ra;re e~rt~~, ,~in '~'.~ c:;J,~': \/<"'~.:. "~"."
".' ",. '. ~. "l:" , • ," ...... ,"; .~ J <1,":. .. ' ~ .. _ ~ .... <It 1.:,,-, "" ~,' ~ ..':\....... ~'"c.~/1' ~r·

.cont'l'ast' to"'monazi te in wl:\.ioh, therelat±~on~hi:p is rev<3rsed,. Howev,~r'4' ,'~
/I ' '''. 'r I -. fl ".i~~",-. -·f . ,,",cS • " J).o,.of· ",

it is presumed that the teohnical difiioult.i.es· encountered i-neoonomio '
• -".. • .'O ":.. ",,!:" • .... \l "I;,

extractjQn of the ~are earths from these waste liquors would be.'
~onsid~±able. •
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Prioes

ff· ,-
Prioes of the pure forms o~'mB~a£s

, I'

. ace ording t~. priri ty and' llO t s.,iz e . The

at the end of .1964. " ,

. '

and, dXi~~s vary ~reatl~

iollowink'are~ex~~ple'priced
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yttrium - ,
4

.,'.

"

. .

Commeroial Grade $ 75 per lb",
<>

,
Nuclear Grad;e ' , $ 300 :per lb •..

~ , ...

'Uble.distilled
, $ 500 per lb.

~ - ~

l~oy O:r:ade " . $ 24-50 per lb.,
....,

Metal

.'

...~ =: a; $00

J 1 IJ.J Referenoes are not listed:· in this rel'o-r~
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$ 1,200' t.o $ 3,500 pe10' lb ..

$ 350 ~~ 1,000 per lb ..
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Eu:ropium
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. and n.ew applicaidolJ.S
,/ . .... ./

~:louotful ;if any :.

in~egrate(r to
.,

involved in mining, concent-

,
, '
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, , • !it ,.'

. .
, ,No,. recent quot~ti..ons for tile priqeEl o'f gadolinium, erbi:um'ar

.#
thulium have been found. ,I,
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" ":. ,~ji~, .), ,,' ~ c, <> ' , .' • <I .o..'T~,~..e B t:r:-nd.~ f?~ ,it:c7e~S~d, "us~,~.e,·L,~f.,~Yt_t'~fi~n\. ~nd e~o,~~,." ·~,1~.?U~~ .~
;,.., "., ',"" w'll!.. • ~ • "'If... ,'(1~

:;J\,'; \(.,'~ ': .. ~~ ., )~., ";"'~"'" Qo~~.~~ntl~, 'mainly' due tq .~di~,~d f?J: ,C<7~~ ':t~eJ.evi~~on.,., ~ D~~~~d <fp'f. ..\:~ ~'"

'~:~ . ':\,:. "', " 'thefse!mht.er:kals'.is being, and~'alI1ib~t certa_ih~Y't;riil be"~et, from ~ <-

',e,xpansion of eXi.sting·faoi+it~es.. Due "., -i:i~f~.ed ~iz'e' of the. .
in~~stry, "end-use researoh is .on a' mod

ir~main large.1y dependent 'on the oonsumer,,:/'

ooncern 1'T~}lld be .sucd~'ssf~I, 1ih~Ch was' not verticaliy
, .

'the extent of carrYing out all the prooess. .

ra ting and ,refining rar6-earthsQ.
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