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SYNOPSIS

Uranium analyses of the sized fractions
of washed residue. show that the grade of the coarsest
sizes is approximately twice that of the finest sizes
so that while 50% of the weight of the tailings is in
the plus 40 micron fractions, these fractions contain
64% of the uranium.

Most of the radioactivity in the residue
occurs in weakly radioactive grains which contain
submicroscopic inclusions of an unidentified uranium=-
bearing mineral. Such grains appear to be as
abundant in the finer sizes as in the coarser sizes,
A smaller proportion of the radioactivity is due to
moderately to strongly radioactive grains which
contain microscopically visible pitchblende or
brannerite~anatase intergrowths and these grains
appear to be much less abundant in the finer sizes,
Hematite is usually associated with the uranium-
bearing minerals, particularly in the weakly radio~
active grains where it occurs as fine inclusions.

* Scientific Officer and #**Senior Scientific Officer, Extraction
Metallurgy Division, Mines Branch, Department of Mines
and Technical Surveys, Ottawa, Canada.



INTRODUCTION

On May 2, 1960, a 50 lb sample of washed residue was
received from Eldorado Mining and Refining Ltd. and was given our |
Reference No, >5~/60-2. The sample was reported to be a }{equy
composite representative of the tailings for 1959 of the carbonate
leach plant at the company's Beaverlodge operation, Eldor.a'do,
Saskatchewan. It was requested that the Mineralogical Section of
the Extraction Metallurgy Division undertake an investigation to
determine the uranium mineral constituents and their approximate
proportions in the various size fractions, particularly in the

sub-sieve sizes,

PROCEDURE

Since the sample, as received, was a composite, it was
thoroughly mixed and then a 5 lb sample was cut out for examination
by the Minefalogical Section, The 5 lb sample was split, one half
being set aside as a retain, and the other half was sized by screening
and infrasizing. The results of the sizing analysis are given in
Table 1. A chemical analysis of the original head sample showed

O. 02370 U308.



The mineralogical investigation consisted of a microscopic
and X-ray diffraction study of the mineral constituents.in three sized

fractions.

Uranium Mineralogy

- The m‘iner'alogical inveétigation was started wifh an jexarﬁin‘ation
of one of the coarser fractions Eo facilitate thé’ de.termina.tti‘on of the
uraniuﬁ minéréls and study their QSSOCiation. Two polishéd sections
were pféparéd of the heavy liquid sink fraction (Spécific Gra‘vitsr-r-

2. 76) of the minus 48 plus 65 mesh sizé.‘ The radioact_:i\.re' grain's
were located by cornp.aring the tracks 01;1 alpha autoradiograph plates
with the respective polished sections, The alpha track plates were

exposed for 9 days,

The alphatraék plates indicate that, relative to eacﬁ other,
most of the radioactive grains are weakly radioactive with some
moderately to st?ongly radioactive grainé also p.resent,' They
irfdicate as well that the fadioacﬁivity in the weakly radioactive gréins
ig unifor;nly'r d_ist_ribut:.ed (Figure 'Z). Under the ore microécope th.e
weakly 'radioacfi\ke gr.a,ins are 'séeﬁ to éonsist of ndn—of)aque
mineralls. a}hd usually am‘ls‘o.numéx"ous"szl*hall lath’s or .irfégﬁllarv spécks
of hematite (Figures 1 and 2). "Thei'c;. are no visible radioactive

minerals and none could be identified by X~ray diffraction methods,



TABLE 1

Sizing Analysis of a Composite of 1959 Tailings

%

Size -‘g’:;f;": Weight % U(V;OB * Dl%t;ébeutmn
+100 M 24,8 6.25 0,029 8,1
4100 +150 " 40,9 10,30 0. 029 13,5
-150 +200 " 70,1 17, 66 0. 030 23,9
L200M 56 11,8 2,97 0.035 4,5
56440 | 51,0 12, 85 0.024 14,0
.40 + 28 " 36,9 - 9,29 0. 021 9.0
|28 +20 29,1 7.33 0. 019 6.3
20 +14 " 24, 4 6.15 0. 014 4,0
L1410 " 62,9 15, 84 0,013 9,0
~10 " 45,1 11.36 0. 015 7.7
Totals 397, 0 100. 00 0,023 | 100,0

s
Chemical Assay

#R
Original Head Sample




Non-~opaque minerals that were identified were plagioclase, quartz,

calcite and chlorite,

The mvodv.era't»'ely’ to étrongly radioactive gféi,ns,. althoﬁéh |
similar in a'p'pve‘:a-raricbe' té v,'e’.ac'h o’tvl.xéf,j-.}.xavqe 'BOfﬁélvwriaﬁ‘-ié'tions.' The
vfnbst common type consists of ndn-»-opvaquev minerals intergrown
with vai'ying aﬁlguntlst of a g'riey -min.érél‘ reéembli-n'g pitéhblénde‘

' (Figures 3 and 4).

Using X-ray di“ffraltction(mel’;hods, an unigﬁitgd grain
coqsisting lllargely. of the grey minérél'Waé identi'fie;i as pilt‘chble.n.de,.
This .X‘-l“ay pai:tern was {réry“weak but an appl_'.ox,imate, qgll edge of

- 5,40 kX was deter'mined: fron;1 it; Braﬁnerit_é Wag"ideﬁtilﬁélt‘i.in
anot_:her‘ gréy graiﬁ which was ignite:d‘, illjri_or' to Be'ing" X-rayed, to
res_i:ore its crystalline state,’ Other grains containing th'é grey
mineral, and \}vhic'h‘w'ere _ignited, ip:"rodrt_a.ce.d onl’y X-i’ay diffraéti.on

patt;éi-ris of the non-opaque gangue minerals,

Th(ha"'gv:fey mit?eral is not‘éof_npylet:ély opé;c:lue,, havin:g‘. a faiﬁf.
. greyish-brown intérrial reﬂe'c't‘ic')ﬁWHe'n' viewed thrvol;.'gl\l'_thev cr.‘ossec.l '
: nicols of an o.rev fr;icr;)s@cope'. It otcurs as ‘iz:r_e'gula'r' patchy ar,i'évasf '.
' formi'ng alll-oz.' part qf'a' gréin and also as a 'né.tw;rk'vof irin'e}:v‘v»einlets,
-the. ;at,ter i'a'r.nore_cc‘)mmon 'whér.g the gréy ré_in{erali forms qt_ﬂy a
small part of the ’g‘r’ain, | and wyhe‘r‘lA éxamin_ed at h1gh r'nag‘niflic'ation _
thg Veinlets’:appear to be made up df laths‘o:"r.lé{edles;' Hematite | -

usﬁally occurs as laths much .coé{r ser than the grey mineral,




Some moderately to strongly racﬁoactive grains differ from
the above in Lhiat the indicated soutce of the radioactivity is a white
mineral; none of the grey miineral befng visible (Figure 5)e The
white mineral has a strong yellowishuwhite internal reflection when
observed throUgh crossed nicols, which suggests the presence of
" anatase, It commonly occurs as fine veinlets but may be found as
dissiminated anhedra! grains that often coalesce into dense

aggregates,

By X-ray diffraction anatase was identified in some of the
_unignited grains and brannerite was identified in an igﬁitéd grain,
"However, in one strongly radioactive grain of this type polycrase
was identified (Figureg 6 and 7) and in others only non-opaque
minerals were identified, such as feldspar, quartz and calcite,

Hematite is present in many of these grains,

Two of the finer~-sized fractions, minus 150 plus 200 mesh

- and minus 20 plus 14 microns, were studied for comparison with
~the minus 48 plus 65 mesh fraction, The minus 20 plus 14 micron
fraction showed more variation and was examined in greater detail,
A polished section of a superpanner tip of this material was
“exposed to an alpha track plate for 9 days. When developed, evenly
scattered but thinly spaced alpha tracks weré observed on the plate,
» Occasionally concentrations of alpha tracks of varying density were

also noted indicating that a few moderately to strongly radioactive grains



are present, Such grains are much less abundant than in the coarser.

sizes,

Because o'fvtﬁe fine size and élose'spacing of the grainé in ‘
the polished section difficulty was expériencéd in positively Vvl'oca_'ti‘ng'
.the radioactive mineral grains, In a few cases a grain similar "t.o
;the‘ rﬁoderately to strongly ra;dioactive grains 'obselr:ved in th‘e- coéi"ser
_'{sizes was found, Only hematiﬁe and some non-opaqlié minerals wére

identified by X.ray diffraction,

DISCUSSION AND CONCLUSIONS

The uraﬁium remaining in the 1959 Beaverlodge leach .plant
tailings is more abundant in the coarsér.fractions. The grade of the
minus 40 micron fractions is lower and is quite uniform, Much of
the uranium appearé to‘ occur as submicroscopic incluéioné which are
uniformly disseminated in grains of non-opaque minerals which also
contain small inclusions of hématite. These grains appear to be
'present in approximately equal érdportibns in'all the size fractions
examined, The uniform spacing and random direction of the alpha
tracks in aulforadiographs of such ﬁineralé suggqs_t‘g tﬁét the uranium
'occu‘.rs as submicroscopic inclusions rather than adsorbed material

on the surface of the grains.




In contrast are more strongly radioactive grains which are
fairly numerous in the coarser fractions but become more scarce
in the finer fractions. These grains contain microscopically visible
pitchblende or brannerite-anatase. Anatase is associated with the

brannerite but not all anatase-bearing grains contain brannerite,

The graih of polycrase is anomalous since polycrase has
never been reported in Beaverlodge ores and it may possibly have been

introduced into the sample as a contaminant,

It is concluded that the more strongly radioactive grains
become less abundant in the fine sizes because more of the uranium =
bearing mineral is exposed to attack by the leaching reagents,
However, the unidentified, submicroscopic inclusions of uranium
mineral are much less likely to be exposed even in very fine sizes.,
It would appear therefore, that while fine grinding will liberate the
pitchblende and brannerite in microscopically visible grains for
attack by the leach solutions, the ultra-fine inclusions will remain

inaccessible,
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