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ABSTRACT

Uraniferous ph;ses of,urqnlum‘déposlts éon-only
occurlasfsmall grains dlfflcult to 1§olatevh; comménl}‘uéed
mineral separatios techﬁlques- Thég can ge ndvantuﬁeously
studl?d by electroérplcqoprdbe. A review of uranium -
mlyeralogy lé preéentqd Ihe'varlousiaspects ot‘electron'

mlcroprope analysis of granlun- and thorlum—beaﬁlng minerals
are discuséed and solutions *o the.pr;blems encounéered nre‘
proposed. These aspecté iﬁcludgz location of gfains for
analyslg,:1natfunentatlon, stabiligy of the minerals ﬁeneath
the electron beam, determination of sujitable X—;ay emission
lines, choice of standards, synfﬁesis of giasses and |
selgctidn of operating conditions.

An anaiyt;cal approach is def}ned.and tested on
uranium~ and thorlﬁm—béablng materials (l.g.y glasseg and
minerals)s All -1cf6probe data ;rexcor;eqted through the
~co;§uter progra-mefcéR—2 (Hénoc et alt.y 1973); ;;::Q::;‘_4
_élso corfected using FEPAC ( Springer, 1976); Cémpositlonsq
ébtainedvtor elght glasses and two minerals (euxenite and
davidite) are compared with those pre?iously determined
through independent ée%hodg. Compositions obtﬁiged for.the‘
other minerals, namaly: mqta-uranoélrclte,‘sabugal;te.
carnotite, beta-uranophane, soddyite, fhotogummlte. and

urancthorianite are compared with fhelr stoichiometric

compositions and analyses tgkenvfrom the 1] terature.

,1vw .
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' / Three uranius deposits are studied: Baie Jqhan

o Bge{é ( Quebec), Charlabofs Lake (Saskatchewan), and

Duddrjidge Lake (Saskutéhewah)- In the first two, uranium’

mineralfzatlon occurs lnAgranltic to pegmatitic rocks; in

—

: the last, it is located Iin meta-arkoses. Their mineralogy ‘is

_____ s , p ‘

.- ) describeds Analysﬁa‘of ur&nium— and thorium—-bearing phases
are used to define 'the type Bf'd§pq§1t, and the locus of

Pad

. o , 5
iranium and thorium mineralization in the rocksg. An age is

s

calcu{ated‘grom'the uranini te analyses, relating the

’ mlnéralization to the regional geoloéys Thé process.bf

oxidation of uranium- and’thor}umfilnerals is studied. Two

f

\\Qev minerals are pqtth define&; a.Ti-V. phase, and a U-Pb-Si
- \,_:_O I . ks ‘ . ) .
_ _ Phase. ' )

‘ This study has shown that it is not only pbsslble.
* : . N o .

to¥ identify uranium minerals from microprobe results, but

also to obtain qumhtitatt#e,dnalyéﬁs. while avoiding

"~ .separation and contamination. Thé*gccuﬁacy of the analyses

N

» is best exemplified by the age determination of mineralizing
evehts,‘%~1317 a gf Baie Johan Beetz, with readjustment

‘around 1150 Ma; -1750 u& at Charlebois Lake; =-2050 Na at

Duddridge Lake).

o
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£



.)/\

Munday for the

‘Cen ennial College have madé computer termi

.

For
&

by Dr %}A'

(:-«. g

eAe Smellie

pro*lded glasses and ‘lneralé of known com
i ’ .

i

Atomic Energy of Canada Ltd supplied some. U

mat?rgala. Texasgulf Ince
obtiih samples from the Bai
them for their contribution. -

In Montreal, the Ecole

the author for the completion of this “thesi
| \ / N .

to express my gratitude to them. ’
\ I would als( like to express(my &

those who have helped in\the realisation of]

r D.G.W, §p1th for suggesting this topic

udicious ad?&ce and guidances;

\
"

osl tion, and

ranium standard

made it possible [for the author to. -

Johan Beetz rdgion. I thank

olytechniique and the

nals available to

s. 1 would like

rati tude for all

th}s works:

and for his’

.

r ReDe Morton fof\hls helpf?l sugges tions and his

:

’

ccessibility;

Dr H., Baadsgaard and Dr R, Cavell for didcussions and

for the interest they have manifested in the course °

of this worke. , - N .

vi



é

1 would like to thanﬂ the
eology.

o

And more generally,
cal staff of the Department of

-

-

partlcularly the tochnléal taff of

aqa#eplc'andftechnl
Tomlipson and

7 o
University of Alberta,
the microprobe laboratory GDQ&.

help and advice during

SeLe Launsp&ch),f r their
-
ical lgboratoéy at the

the Departmint.'
The microanalyt
or ted tipancihliy by a

of Alberta is partly supp
(#A4254) from the National Research Council of C nada to

Dr DeGeVWe Smithe.

vii




) D

TABLE OF CONTENTS

CHAPTER : : ‘ PAGE

L3 .

I INTRQDUCTION ---o;.oloopi-.-o--ccocoocoococcc.caol

A GENERAL CONSIDERATIONS oooooo.oo;;;oooooa.ooooo.ol

i- “INERALQGY o-.oconocac-\uco.coaoccoc-co%cn-ooc2

2- PETROCHBM[STRY ;..,q...............;.......;..2

.3- IETALLOGENY'oocoooo.oco.-ooooo-coootccnooooo.-4

4- GEOCHRONOLOGY o---oooooaoaoooc00000000000000004

B. METHODS OF ANALYSIS nnc.oc-oo.oooocoooo-ocoo--co05

II MINERALOGY OF URANIUM -o..oooooocco.o(oooooooooo010
A+ OXIDES a-.ooolooqo-ooooaoc-nccococoooconcaqotccc011
1- ANHYDROUS OXIDES oo.-oco..o-oococ.booooooocoo011

2‘ HYDROUS OXIDES ao-o-o.c-oo.c-.oo--c-ocooo-ono-15
Fournarlerlte Group o-o.co.occo.ooocoooooooood16;
Other Hydrated Uranium Oxides -........--.-...18
Gummitej.......-..-........o..--.........o....lB
B. MULTIPLE OXIDES o-ooc.ooan--ocodooccoccno-u--coo619
Columbi te Group oooonno.ncocooo--c;ccoc-oooccnlg
Pyroghlore Group ooooocoooooo%oo.3rooo.-oc0g0020
Others .oooooc.c.co%ccoonoo.ccsaoou-occocooac020

Ce ARSENATES AND PHOSPBATES oooooo.g.oo;oooo.oorpocQ21
Uranium Micas ocooooooo.ooho.oo.co-.oooooooq.022
Rhapdophane Group -.iiococ..oncooooocoacc--cun24
Phosphuranyllte Group oooooooooocoo-)o%f.ooo.025

B Othera ..-........-........-.......:.--.-1....25
De SILICATES ocoo-go...oo.oopuoo-cooooogpoc.cooc;oot25
Thori te Group oot(f.ooco.‘oooo00;000;00;00000026
Uranophane Group 0-6-.-ob?oc-..o-ia-ccocccw.c027

o Others eeccsccsoccscsvrssssssssen oooo;;;ogoooio.oo.o¢27
Ee. CARBONATES .-...-................b.......-i,..m-.ZS
TrICQrbonate Series ...l.......l....l.‘..'.'ll28
Others ....1........;......g;....-.....o..-{..29
Fe. SULPHATES QQJ-oocccccoccoongcoooo.ooc-coc.coqoocr29
Ge. VANADATES ........--.......Q.........--..........31
quhotlte Group‘--.....J-..-...-..-..-.....»-.31

He TELLURITES o{oo.ooooooo.oo.ocoocoo-o{o.ocoooooooo32
Ie URANIUH‘“OLYBDENUM !INERALS ..-......-......-....33
Je SELENITES ..‘...0'......'...."'.000000000101000034
K.’CARBONACEOUS MATERIALS Q..oo‘o.oo00000000000.000;35
IIX PREVIOUS WORK ocnoooccooooo-oocouc-o.occqc-.-c-oc46

Iv ANALYTICAL APPROACH .......'...............‘.....49',

A« LOCATION OF GRAINS FOR ANALYSIS esscssencscssscsaecesSO
B. INSTRU“ENTATION '............Q....'.C.“....’..,“Sl
C. STABILITY OF MINERALS ‘BENEATH THE ELECTRON BEAM .51
D. SUITABLE X-RAY EIISSION LINES ..o.o..-ooo..oo.o..54
E. CORRECTIONS FOR MA TRIX. EFFECTS cecssasscscscscaase b

_1'- ALPHA FACTORS ...............O..‘.0............5’7~

2- COMPREHENSIVE 'ZAF' CORRECTIONS--.-cc-o-.-...-57

\
hY

viii



G
H.

PRESENCE OF WATER AND HYDROXYL IONS ecccoccccoce
STANDARD'I..‘.'.......‘Q.....O....‘.O...........

OPERATING CONDITIONS .........l”‘. ees s 0 e e e

STANDARDS ....O...........‘.............

STAN.D\ARD MATERIALS l.....‘..-....l....‘..

1.

GENERALITIES]oooonon.oo‘ﬁnoooccoonooo
Pure Mefals iJ..‘l..........‘)!l.....

"Slmple Compouhds cecsscsesosessnacs e

2.

‘Alloys c.o.oo;fooccoconctco-ooaogc--o

Glasses o..-.c.o--olootoo.qo'oobooooc

llnorals cpoo.-i.oo.coc-.o-oacono-oco

STANDARD IATERIALS eeceesscesscsccso e

GLASSES l........lI\.C.......'.l....l..‘l.

1.
2.

PREVIOUS iQRK 00“..0-.00.0....00.....
CONSTRAINTS aco-&-oooonooooocco.o-ooo
Glass—formers ..%-0000.......0.0.....
Composi tional Gradients eesessccsccsce
Heatldg Bqulpment o;moooooooooooogoo-
COMPOSITION .oo-oooooooo-oaoooooo;oo-
SOURCE NMATERIALS AND PREPARATION <o

eese oo
eeecsssoos
oc;cqooa
ees esven
R R NN
o.oo(oai
es s e e
sesescecoe
EEREEEKNN]
sevevsece
ess ec0
eseo 00
seecscece
o6 0o 000 00
s 80 000
X RN ]
se s 000 s

Source Materials oooco%-ooo-oaoooo.o&o-mooooo
Preparatlon -00...;.‘.&t..;.o....c.-lo.....d.

RESULTS .......‘...IO..I............O.\.‘.(....‘.

1450fc Maxlqum cees s s 0s st eteseocesvavrs
1700.0 Maxidﬂm oobo-..-o.-o.(c,noouno

ANALYSIS OF STANDARD MATERIALS c¢sccecace

GLASSES".......... ‘.....:....'....4...‘...

1.
2.

GLASSES 11, 12, 13,” AND 15 ceccccacces
GLASSES A, By Dy AND E seccccccccccce

“INERALS .l........\.........-..l........

1.
2.
3.
4.
Se
6
-;7..
8.
9.

EUXENITE,ooo-o.oooi-oooo..pcoitoooooo
DAViDITE .-.cnoé‘.n.a%ncc.noc.oc.o.o.
META-AUTUNITE e co0ccocvcccccssccncocccve
META‘QRANOCIRCITE ooqo-..un.no.o.o;-o

SABUGA’LITE .....»............‘.‘......

CARNOTITE oonoo90...00...*3.?1%0.....
ﬁ-URANOPHANE -qoo.oooooooonoooooddoc.
SODDYITE conooo.ocg;ancouc.--oocooooc
THOROGUMNITE iecccesecscccacccscssaccccne

10. URANOTHORIAN[TE ........00..........
CONCLUSIONS l...'.."..l....“l;...O.C...
BAIE JOHAN BEETZ ccocsccsccccccsscscscccs
DESCRIPTION“...O'...'...C.'.‘:Q.l...‘.l....

1.
24
3.

’LOCALIZATION ooioooooooop‘.oooo-ouoo;

PREVIOUS WORK s e¢cccccecnceccctscncnace
GEOLOGY e cescvc0o000crcccsoscnsoosscsoscse
Basement Gneisses Qo‘occoocnoo;ozoa-o
Wakeham BaBin ececcccecccecsscscsscnsossoon
Vakeham Group -.--oco;inocunoonooogo-
Me tagabbros -.oo.-c-oocooocioo.o;i;io
Younger Infruslve'Rbckg s eevsccsscvee
1~ Lérge Bodies cooc-n;orcor-oodtocoo
2- Smaller Masses, Sills, And Dykes .

ix

;-ooc%oo
deeves e
R EREE NN
R E XK N
e ¢ @00 s
X R EN NN
[ EEE N KN N
oooo;o-o
ccv;-oco
esevesocs
AR R EE NN
ooo:Toio
aee o080 e
o® o 600 e
.....l.,
seeeee e
ses0c0ce
e ew 0600 e
dovace o0
EEREEERNE)
cooof.oﬁ
e e & e &9 a9
oo @ &0 0O 0
ceescoce
o9 8 0600 00
ee s ces e
.........
eeencsvee
esesecae

«66
«70
«70
«72
«72
«72
«73
o774
«74
¢ 75
«76
«18
«78
«79
« 81
«82
«82
.83
«84
« 85
.85
« 86
.87
«87
« 89
.91
«91
«91
«92
.94
«94
«97
<98
«99
.99
«101
«102
«103
L 103
.104
«104
125
«125
«125
«126
.128
«129
«129
«129
«131
«132
«133
.133



v
n
=

C=

VIII

A-

4.
Se.
6.
Te

Pal.ozolc.Sodlndnts 2006000000 0050000 0S 0000
CHRONOLOGICAL RELATIONSHIPS e@cescecss ses sosdoe
METAMORPHISM ecessecesseoscsensrssctoRs ROt
MINERALIZATION P T E R RN ISR AL I L
CONSIDERATJONS ON THE ORIGIN OF THE GRANITES

,Hypqthesls For The Formation Of The Grani tes

ANX’LYS!$ ..........l............l...........‘.....

1.

2.
3.
4.
Se

. 6e

Te
8,

URANINITE ....Q...........'.l‘....".........
A“‘ ..."‘.'........I.....l.-....l....‘l........

IONAZITE ............‘.....C..................

xENoT[lE AND CHURCHITE PR K BN B AR B ] eeo e e ae
SA“ARSKITE oo o0 o "EEEE RN R N NS EEEEREEEX RN NN}
ALLANITE ..'..C.....;‘..I..l...l............'.
T!TANOBETAF ITB 'R RN NI A A . ce 00 OO COOPONOLR e e
THOROGU“MITE [ N ....'......‘......l...i..w.'.

ZIRCON '...Q...‘..............‘.............l.

CONCLUSIONS 'YEEREEENEIERE R NN oee qe as s o es e 0 e e e
DUDDRIDGELAKE '..................'.....J......‘
DESCR IPTION e eo s G0 s os PR R IR B A I A e e 00 88 0080

|
2.
3.

LOCAL IZAT ION‘ eo® 0000 08 o ... ..'. e 000 0o CRC I I B BN ]
PREVIOUS WORK 'Y EREER R B A ee e s s s 8800 I «co”
GEOLOGY ........Q...l.‘....‘\...........‘.‘...

Granltlc‘Gnélssea PRI T E R I R IR I IR I B

‘SupracrustaL ROCKB ecenvncccscsscpcscscsccscesscscs

4.
Se
6.

T

Basic Intrusi ve Rocks -uto@cocccococo-o.coooo
Pegmatl tes And|0uartz'Vélﬁs eeoscsssecsevssccecse
Glaclal/Deposlfs Parareerr T E R E R X R K IR LN A A A
CHRONOLOGICAL RELATIONSHIPS cescocccccccsoccs
TECTONICS AND NETAMORPHISHM seseccccccccccncce

«134
«134
«136
«136
«138
141
«142
«143
«145
«148
«151
«154
«155
«161
«162
«164
«166
«170
0170
«170
«171
<173
«173
«175
«176
«176
«176
«177
«177

KINERALIZATION:_Summarlzed From Sibbald et aly

1976 ......“...‘,..O..l.l..O...I'.l..‘l......

SOURCE OF THE URAN[U“ .‘Q.....l‘....l..l‘..'..

ANALYSIS fooooo-onoo.oo-oooo’onuooooaoyoo-oboooo

1%

2.
3.

4.

o

Se
6.
Te
8.

URANINITE ee o ......‘......... e 06 e 0BG oo boeoe
Aze oo e o PR R N A N ...‘....'... ................
.BRANNERIT ! o6 oc 0 ..... seee8se o0 ae o ee s 0 e 0
U-Pb-Si Pﬂz

Tl-v PHASE“........ ‘...... ee &9 .....u..........

RUTILE ..lﬂ\.\..'...d...........‘.....CC..‘.I.

SE ......‘......q‘..................

ZIRCON ......(-b.....ﬂﬂ.............0..........
MONAZITE ...’......C'......l.....O.....l.....

APATITB ’..'...g...................C.....Q...

CONCLUSIONS e e o0 6 '"EEREE RN R RJ e@® e o000 a2 e e o0 C ed 0
CHARLEBOIS - LAKE "TEEEREEENRNENN] 'EEREREEEXNE R N N B J o® o0 ...
DESCRIPTION ...-...‘l...‘l...Q...‘.'.......C‘....

1.
2.
3.

LOCALIZATION oo.oop.owooooooooi.-ooocoooooooo
GENERAL GEOLOGY coo..occnciooocf\ooonoc-ococc
DESCRIPTION OF LITHOLOGICAL'UNI S escscccecce
A= Granitic And Tonalitic Gn S8 eess s e e
B- Granodioritic Granofels cescsescccccsccccns
C—- ligmatlteé c}nnncocoo.ocoooco.c-cccc;o.;no
D-:Calc—sillcate Rocks evses0se0s0000s 00000000
E~ Hornblende Gneiss, Aaphibotite; F- Biotite

«178
«179
.179
1180“
«181
«182
«187
.190
b192
«193 |
«194
«195
«195
«198
«198
«188
«200,
«201-
«202
«202
«202
«203



Gneiss -............-.....-...-..o.........203
G- Quartzlte ..-..--.......-......-...........203

' H= Pink Pegmatite Dykes And I[rregular Bodies
Of Granitlc Rocks oc-ooo-.o---coo.cooccooo0203
4. STRATIGRAPHY -oobuoooooo.ooo.o-.ooo‘:-o¢¢o¢00000204
S. STRUCTURE oonoooooooooo-ooooo00000000000000000206
6. IETAKORPHISI cecnee ....-............--...-....207
7. .INERALIZATION ooooooooooo.o.-.oooooco-cooooo_o208
B- ANALYSIS coo--cooncco-o.ooinoocooo-.o-oco-c--ooo1209
1. APPEARANCE OF URANINITE AND MONAZITE cesovssess2ll
2. URANINITE .l.o.ccl.o..cc.oo.o‘o‘olc..0000000-0215
Age oooo--oco..’oooco-cooocooo.oo..aooo.ocoooooo216
3. MONAZITE 0.0..000....On'tc..a!ctooonoonlocnoo0217
4. ZIRCON -l..to..o.o..oo.olclooo.o.oooooooc‘oooo0218

C- CONCLUSIONS ...........Q..................O......219

x CONCLUSION .....‘....‘......C....’.'.......C....'.222
BIBLIOGRAPHY .‘....‘................’....Q..i........‘.0228
APPENDIX I PERMANENT DATA FILE FOR COR=2 ccecssceece2ll
APPENDIX I1 SUGGESTIONS FOR THE ANALYSIS OF U AND

TH-MINEBALS ......“...‘........Q"..l.....l...‘......293
A- PREPARATION FOR MICROPROBE ANALYSIS OF U AND Th-

NINERALS .l....'.'..y.'.l...’l..‘...‘...I..........293

B- TESTS FOR HO“OGBNEITY 'YEEEEENNEN N AN ; ee e 00 e 800 03294

1. ENERGY DISPERSIVE ANALYSIS .o-.--oooooococ-ooo295

+ WAVELENGTH DISPERSIVE ANALYSIS cessssssssceesd285

C- OPERATING CONDITIONS "R IE N R NN LR e ee e0 80 b9 0 0296

D‘ DATA .PROCESSING ............Q.......!“..........‘300

E- ELEKENTS NOT ANALYSED es e s 0os0 s e es s FMEEEE XN ENRE .301
APPENDIX IIIX SANMPLE TEMPERATURE BENEATH THE ELECTRON

BBA“ ..i‘.l....'v.......“........l......‘...........303

APPENDIX IV IDENTIF ICATION AND PETROGRAPHIC
DESCRIPTIONS OF SA“PLES ...A e e e 00 @e® o8 e 080 ] .‘. s eo s @ '305

By

. xi

A



L

Table

N

t 4
r>0nb L

‘o

11

13

14

1§

16

17

18

19
20

21
22

23

‘correction factor

LIST OF TABLES

S m

Description

)
a

Average abundances of thorium and uranius in the
Earth's Crust and in three common rockse ececceseoe
Average of unit cell dimension of ureaninite |in

relation with the type o0f OCCUPrIreNCO®: ccocssscosse
Varleties of pyrochlore. m...f.............:.....

List of uranies minerals. <cceccccsccsccccsccsccee
Numbers and corresponding reference for table 2.

‘llcrobrobe~conpodltlon of U3S1 for various

hypothetical U-M, and U-Ng absorption jump
ratios. €00 000000000000 00000000000000sssstetenctoe
Average atomic number for simple compdunds:
experimental and calculated values: svessccscocces
Theoritical composition of glasses A, By, D and E.
Theoritical composition of glasses 11, 12, 13 and
15. ® @ 0 5 0 0 & 00 00 O OO O 60O 00O O OD OO O OO PO OO O OO S OO N eSes
List of elements analysed and corresponding
standgrds- @ ©® 000 00 0000 000 0000 0000006066060 00800080
Systems yioldlgg homogeneous uranjium-silica
glasses and gékerence WOrKe ec0o0ececvocsoccsccccsocsce
Co-posltlon’pt glasses 1, 2 and 3¢ sccccasacsccac
Comgosi tipon of glaases 11, 12, 13, 15 and
detalled/correction factors for microprobe data
compu*e through FEPACe cocvcevcodocovcccsccencose
Composi tion of glasses 11, 12, 13, 15 and

detailed correction factors for microprobe data
computed through COR-2. A EEEENEEENEEEEE R R IR RN
Composi ti of glamsses 11, 12, 13 and 15 as
obtained fkom initial powders, wet chemical
analysis and microprobe data corrected through
FEPAC &ndcn-2l .'..l..“....'IQII."....I.IC.C.Q
Theoritical and microprobe composition of glasses
Ay, B, D and with detailed correction factors’
for data comp\yted through COR=2¢ covvvvcccsccsoccecse
Theoritical and analytical (COR-2) atomic -
proportions of Al, Si and Ca in glasses A, B, D
and E. ® 90 @0 %00 .OC.......Q......OOO.......‘CO‘...
Composi tion' of g\lasses A, B, D, E”and total
correction factops for microprobe data computed
through FEPAC. .
Composi tion ot e
Composi tion of eu

e 00000 s s 0 enecectesdoceoceveccnacoas
enite. 0 600 0085 99989 2000 08 Peoes S
enite and detailed microprobe

® 0000 0000600000 0000s000000s0ser s
jditee ecceceseccccccsoscscncsncsne

idite and detailed microprobe

Composi tion ot da
Composi tion of da
correction factors
Composi tion of autgnite and meta—~autunitees coccee

xii

[

Page

I
e 21
«eJ6
e 45
.-64

.'69
«76

..76
«e78
e 81
«« 87

«e 107

«e108

«e109
eel110
..1?1
ee111

vel112

«.113
ce114

ee115
eellé6



24

25
26
27
28
29

30
31

e

-~

33
34

35

36

37

3R
39
40‘
41

42

43

44

45
46

47

- 48

49

50
51

52
53

54

55 -,

3 5 : S I

' Composition of -etatorbernife and meta-

pranoclrclte. oo.oiopc-boocc.c-ioococo-oooccoo-ocooll7
td spaclngs for sabugallte, ;.of.oo-ofobofooioobo.lls

_Cdmpositlon of sabugalite. -...1.......-..-..-g..--119

COHPOBltiOﬂ of‘carnotlte. ....1..................;.120
Composi tion of g-uranophanes teesleasesssscssscaccacel2l
CO.pOBlthﬂ Oi soddyité. o.noo;q.-.loo;l00000000001122
Composi tion of thgrOBUmmlte. .o.-écctco-o-o{ooob100123
Compoblﬁlon 6f uranothorlanlte. --c--uo-ccn;ccc;to¢124
Average mineralogical composition of the Lac : K
Turgeon and Lac Ferland granitese. ceevesescsascesseslld9
Composition of uraninites from the Bale Johan '
Beet; reglon. ;oooooooono-ocooo.o.-..ooo;o.o.ooo--il44
Approximative age of uraninites from the Bale :

'JohannBéetz reglon.'......t.......-..........,...-.148

Composi tion of monazites from the Baie Johan

Beetz reglono l...h‘..‘...."..l.;...oc...‘.....“.lsl
Composition of xenotimes fpoﬁ the Bale Johan .

Beetz regionq co}.nccnocncfﬁ.;o..oofoooooo.gooooo;olsa
Composition of samarskites from the Bai& Johan

Beetz reglon. oooooooo.u.og,ooooo.ooo.nooooooo;utoolss
Composition of allanite from the Baie Johan Beetz
region. o%cyoqo-ocoooooo-ooooccc-oooao.-a-cncoo;vcol60
Compoei tion of titanobetafite from the Bale Johan
Bbétz region. o.oo-cc-o-n--.o-acooo-co-oco-oocco.p-162

,Cqupositioq of thorogummite from the Bale Johan
" Be€tz region- QGCOOOQOJI...'....0..0..;...{00000000163

Cokpositlon of zircons from the Baie Johan Beetz
réglon.ulo.......o..-q-.....Q.....-....,...........165
dinerals from the Bale Johan Beetz reglion which,
contain-uranium, thorium and rare-earth elements. «167
Stratigraphy of the puddridge Lake regione cesecsneslld
Composition of uranini tes from the Duddridge Lake ‘
region.’.....-.....-.....,.t....,s-.........-..300;181
Age of uraninites from the Duddridge Lake regione. «182
Composition of t prannerite! from the Duddridge )
Lake regldn. ooooooooooooooocooo.oooom.oaoc;.-oo.90186
Composi tion of U-Pb-Si phase from the Duddridge
Lake reglon. ...i.........o..b.................;...188
Composgi tion of Ti~V phase from the Duddridge Lake
reglon. -o...ﬂ........m..o-...eg.....--..-.....-...190
Composi tion of rutile from the Duddridge Lake
reglon- -..-........L...-................-....-....192
Composi tion of zircons from the Duddridge Lake
reglon- ....l.".l..d..l.ll.OJ....‘.....'Or.....000193
Thorium and uranium contents of monazites from
the Duddridge Lake regione. o.ooo;ooooo--0000.000000194
Stratigraphy of the Charlebdis Lake reglion. eseeeae205
Netamorphic mineral assemblages from the
Charlebols Lake regkon. .o;ooo00;000000000000000006207
Composition of uraninites from the Charlebois : i
Lake reglon; ..........................}......--¢¢:%16
'Appr?xiuative age of uraninites from the ‘

/ . .

xiii




56 .

58
59, .-

v

60"

© 61

62

63

64-

65
66

67

¢

Charlebols Lake reglon. cocqoonom.ntoooooooooccoo¢¢216
Uranium and thorium contenta of monazites from

the, Charlebols Lake region....ﬁ......-....-..-..-.o218
Composi tion of zircon Irom the Charlebois Lake :

rezlon- -oooco-ccc.oooouo.-a-.ooo0.0.0000-000000000219

- Format for the computer file listed in table 59. 0274

Llstlng of the permanent data flle referred to in

COR-2' ‘..l..'..'.....I......'I...C.l..'....‘..'.'.275

'*Baslc data and .suggestions for the analysis .of

uranium, thorium und commonly associated

elements. .aoooo-oo.ot'onooo.oo-o.o..ooo.oooooocooi298
Elements and lines recorded with some common

crystals useéd Iin WDA. oc.oo.‘o'ooo.oo-ooo.ooon.o000300
Identification of the samples from the Baie Johan
Beetz reglon. -o-ouoooco..ooco-o-oco000001000000000306
Petrographic description of the samples from the

Bale Johan Beetz regloﬁ-¢....u-...--..-.....o..-;--307
Identification of the-boulder samples from the ~
Duddrldge Lake region.'o.....ao...-.-,.-..-.----...325
Petrographic description of the samnples from the
Duddrldge Lake region. loccoouc.coo-cqoocc-oo-o0000326
Identification of the samples from the. Charlebois

Lake region. -00ooocooccnonccooaoo'oocooococooo-000336

Petrographic description of the samples from the
Charlebols Lake reglon.".....f..........-..........337

xiv

a

- ok



) !

" LIST OF FIGURES

T, : Page

Variation wlth time of uranium count rate of a 8-
uranophane specimen beneath a focussed electron

beﬂ.mo ...........................“.....‘..........53

00 ~J O

10
11

Partial spectra for uranium, thorium and
potasslum at 15 kV. oop.ooc'ooonooo.oooo.oooooo.oooss
Variation of the apparént silicon concentration
1n‘0331 with absorption jump ratio. 000.......0.-0.63
Relationship between the atomi¢ number of pure
elements and their sample current/probe curfept -
f&tlo. .fod.ogoﬂii.%o-oo-oom.ooooo.oo.o.oooooo.oo;a67
Relationship between the average atomic number of
compoundg and thelr sample current/probe current
atlo. .l......l.l.........'.'......O..I..I...Q....67
Distributi on of rare-earth elements in euxenites. ++96
Geqlogical map of the Baie Johan Beetz regione. ....126
Histogran of the age of uraninites from the Baie
Johan Beetz reglon. oooaoooo.oooodoooooooo000000000148

.Spectra for the composition of allanite from the

Bale Johan Beetz region. ooooooco000000000000000000136
Geological map of- the Duddridge Lake region. seseceeelTl

Geological map of the Charlebois Lake regioneticecess199

v S



o -

LIST OF PHOTOGRAPHIC PLATES

Description
o .
Backscattered electron! and elemental photographs
of 'meta-—uran cl\x‘clte'. :ﬂoco-,ooc.t‘co-.on.o-ucys.cq.c
Backscattered electron and elemental photographs
6f monazite in.samyle JB=10e cecssocscevcscncssncse
Transmitted 1lght¢&nd elemental photographs of.
allanite in sanple JB-15. oho.-ooouyo.oooa'ooo.o-oo-
Reflected light, backscattered electron, and
elemental photographs of 'branneritg' in sample
DL—SC ‘.Q......‘.........l...l.“.......'.'l‘...‘.
Backscattered electron and elemental photographs
of *U-Pb-Si!t phase in sample DL=3¢ ¢eessccccccnces
Backscattered electron and elemental photpgraphq
of uraninite in sample CL-1. --oo¢~c"oooooo-;ooooo’.
Backscattered electron and elemental photographs
of monazltewln sample CL-1. oojoa"oooooooco'ovoono--
Backscattered electron and elemental photographs
of uraninite in sample CL-5. ..;.,.......f.g...:o

xvi

o

Page

««100

ce149

ee157

ve184
. 189
ee211
ce212

ee214



IR

cHAPTER 1 o ‘

. INTRODUCT ION
. . ‘ : . !

v Developments in nuclear technology ahd the
N

1ncreasiﬂg demand for energy ﬁavq focussed attention on

uranium—-bearing mlneralé of igneous, me tamorphic and

sedimentary bocksq Apart from being a major constituent in
certaln minerals,vuranlum occurs as a minor element
substituting in the lattice of a substantial number of other

minerals. Frequently the,urunltefoué phnsés occur as grains

less than 50 microns in diameter and, because of their small

‘sizey they are difficult to study.

Investigations of uranium mlher#(s have

applications in several domains, particularly the fields of.

1y

mineralogy, petrology, me tal logeny, geochemlstr& and

o

geochronology.



e

1- MINERALOGY

Although uranium is a trace element in the Earth's
Crust, its minerals are numerous alfhough_not abundante. At <
least 120 uranium minerals have already been recognized.

.

Because'most of them are hexavalent uranium compounds, they
- . &

havelnp‘structural apuloéues q;ongst other mineral &roups )
and aré théretoré; of parkléul;r 1ntébegt ;n mineralogy and
-crystél chemistry., Host of these hexavalent uranlup mlneru}s
occur within the weathering zone but the bulk of uranhium
 coﬁta1ned in the Egrtﬁ's Crust occurs in the fétra§alent
state, often assoclated with thorium.

Uranlgm‘not onl? forms a ﬁumber of distinct
minerﬁl species ﬁut also‘occurs hs‘a vlcariousaconst}tuent

in more common rock-forming minerals such as zircon, apatite

and monazite.

CORRN ' - - . .U#\:‘r
2- PETROCHEMISTRY ’ T

—

-

Uranium and thﬁrium are present in the Crust 1h
émall-amounts only. Average contents of some qrustak
naterl#ls;,llsted 1n”tab1e.i, give a.foﬁgh 1de@,of
concentrations that may be eipected lﬁ ‘normal? rockse The
taﬁl@ does not include metamorphic rocks. These have

compositions corresponding to those of the original

precursor sedimentary or 1gneous'roéks, but their uranium



- VAR ¢ . ) ‘\\j
and fhorlumwcontents appear to decreas ith lncrraslng

net@morphlsmollndeed, uranium and thorium tend to follow the
: . v R : )

larger 1qﬁs, potassium a%d rubldiym, ard migrate away from

regions of high metamorphism.

t

Table 1« Average abundances of thorium and uranium in the
Earth's Crust and in -three common rocks, in parts per
"million (Krauskopf, 1967).

- A _ —————— A ——— . A . W T - " - —— - - = — W T G T T S A P T e W S — . W P D T S W T Uy € S

Element A Crust ' Granite Basalt Shale }
Th 9.6 17 , 2.2 11
v 2.7 4.8 0.6 3.2 |

o i S

As,shovh in table 1, u?anlum and“thor}um“c;ntents
‘of rocks;aré normally\lowy cqnsequent{y tﬁélr mlnerals_can
be difficult to gecdgnlze gndy vﬁeﬁvmetamict. to 1dent1fy,
:Regognltlonvof th;sq minerals, ;nd particﬁlariy the study of
their comﬁositiéns, can be of help in determining the origln
-of é rbck (or deposit), and also in the characte;lzakfon.of
a suite of rocks. o / 4

The first caseiis bésé‘exemJllfleﬁ by uraninite.
LOw temﬁeratgye uranlnite is‘nor;ally thorium—-free wﬁile [
high temperatﬁre/uraninite 18 usually note. ‘This diftefence \\

in cGEposftlon arises from the differgnt geochemical

properties of uranl»um»fhd thoriume. The“-sesond case can be

aeen,“forxexample, in the identification of sédlméntary

s

beds. Suites of rocks cen be fyplfled by their hedvy

mineralse This facilitates the recognition and correlation



.
v
N

of a. specific bed at difterenr locati nse-
«i’ RN T . . '

3~ METALLOGENY

L As the demand for uranium increases, some

extremely 1ow-grude deposits may become economicul if the

-

urnnium can be extracted easily. This, for example, is the
case for the Rossing deposits and Upper-Cambrian black shale

deposit of Sweden. When a deposit lies on the margin-of

economic viability, t e types of ﬁrenium minerals present,,

;a8 well as their"compositions, may have a\§earing not only

on’ metallogenic interpretations but also on beneticiation

‘processes. Thus, it is important to recognize and analyse

"the host minerals of uranium.

e,

4-. GEOCHRONQLOGY ‘ , . ’

For the last 30 years'uranium, thorium and their

radiogenic ‘products have been used to date geological

events. Such determina tions are most often performed by

o

isotopic analyses on minerals containing minor amounts of

uranium (and thorium), rather than on uranium minerals. This

se

;method employs of mass spectrometers and involves long and

tedious mineral separa tion, and chemical preparation. In

~this case gicroprobe analysis-may be beneficial in two ways,

-



S e S e

or rather, at two different scales, Firstly. Lt pernlta the

study of the inter- and lntrafgraln varlations of*uraﬂium-,
0 » ¢

thorluni and lead-bearing phases and fhus, characterlzatlpn

‘

‘'of the various generations of a mlnerﬁl sbecles. Secondly,

it mey provide a very rapid method of approximate age

<

determination ,using uranium- and thorium—rlch minerals, such

a8 uraninite, cotflnite and thorianlte. These determinatlonst

will obvlously not be as precise as thbse made by mass-—

Spectrometrﬁ but they may be sufficlent to place an event

lnside a specific geological period. This latter usage is
Y exempllfied in our study of some Canadlan uranium depogits

discussed later in this thesls.

Bs METHODS OF ANALYSIS
' ' - Y
3

A number of techniques and instruments are

‘avallgble to'study uranid‘ibearing minerals. They can be

vided into twojgroups.

"The first requires élneral separation prior to

'analysis. Examples are: analysis by'wet chemical techniques,

—
o

X-ray fluorescence analysis,-absérpfiégland gamma-ray
épgctrometry, fluorimetry, @eutron Actlvation analysis;
structure determinétlon by X—r;y dlffraction;.nineral
vcharncterizatlon by differential thermal analysis €DeT. A.)-

and ther\b<k\fvlmetr1c analysls. isotope determination by
\



‘mass—-spectrometry.

.

The second includes methods of in gltu andlysis

such aa.optlcal microscopy !k both retlected.and transmitted

\

"light, autoradiography, radloluxography; fission track
analysilis, spectrometry in the optical to;ﬁ@ar infra-red
wayelendth region, and electron, ion anq“Laser microprobe

analysis. The lat ter two -have not been used &o dafe, put

4

nevertheless remain as possibllities. ’ ' N
The main drawback common to- the first gboup‘of

techniques is the necessity for mineral separatione. Indeed,

uranium minerals are partlcularly difficult to isolate

e

because -they are often hejeéggeneous, fine-grained and in
N N [ ; )

some cases soluble in common ly used separation liquids.
Thus; mdny qf the hexavalent uranium minerals, for exapgle,
are’soiuble in acétone which is commonly used to adjdst”the
density of'hgavy llquids and to wash the separated‘aliquots.
Eass-spéctrometry (isotope determinatfon) and X-r;y
dlffﬁ;cfion, howeveb! require oé}x/véry small amounts of
material wﬁich‘cap often be h;ﬂ& selec ted fiomva c rushed
samgle or pluck;d out of a rock specimen with a needle.«
Maés-spectromet;yTWiil usually deal only with uranium,
thorium and on; 01A¥h91r<dgc§; producté and is not commonly
used'fbr'complefe cﬁemléal analysise. X-rﬁy difffactlon
yields structural information leadéng‘*o mineral .
1de6tlflcatlon and,y, in the case of slﬁplé compoun&s, to the

detérminatlmn of the ratio of the two ma jor constituents.

Uranlup and(or thofiun—r;ch minerals are often metamlict as



&

. «

the result of radiocactivity damaging the lattice.: Such

s

‘minerals must be recrystallized by heating the gralps to

about 1000°C. When heated in this way, the final produét may
be chemically different from the otlginap due to selective
evaporation. Moreqvér,.due to d;fferept coqditlons of
crystullizafion, lt‘ylll‘nét necessarily be restored to ;ts

initial crystal structure.

Mefhods_ot_thé second grégp vield information of

Y 4 ' -

Autoradlographyy radioluxography and fission track

various types.

analysis are useful‘ln'locat;ng radioactive phases;dput they

do not differentiate betwéén uranium and thofipm and lead

a

‘only to a fough estfﬁute of the 'richness' of a rock or

’

mineral in radioactive constituents. m//

By using miéroscopy in reflected or transmitted

-

light, well crystallized grains can be 1d§htified and their
relationship with other constituents can be established.

This method\also yields a limited amount of information

relative to c\mposltion- In&eed réflectance?comblned witﬁ

'Y

micro;lndentatldn hardness has been related?to the amount of

lead present 1h he structure of uraninite (Morton and

Sassanoy, 1972) but this has not yet found much,practicai
use, nor'havevslnil r experiments been carried ou£ on- other
uranium and 1hopium i nerals.’

/81nce its iﬁtroductloﬁ to the Earth Sciences

around 1960,'the electron microprobe has become an

1ncreasing1y important tool in the study of mlnergls. The *



caﬁabllltles of this lnstrunent'seem‘ldeal for uranium-
bearlngwmlner;ls since they permit the study of smal\:scale
éh;mlcal variatlbné #nd of fine grained materials where
separation is often lmposs;ble. However, a.reVLew of
applications of the electron microprobe ln.mlneralogy (Keil,
1973) shows that only very few‘nttempts have‘Qeenimade to
use this instrumeht to analyse uranium ulnernls&iTh{s
reflects the fact that the accurate determination of,uragium

and thorium with the m&groppobe is fraught w{th
dlff{cult{gs. We have, ;ever¥he1ess, cbosen_to explore thg
poteﬁtlal of tﬂls instrument and thus a detailed yevlew of
the difficulties encouﬁtgred will be given a?q poséible
solutions discusseds Tﬁé 1on and laser microprobes'are,stlll
rare ihstruments and were not évallable at the‘pnlverslty of
Alerta. The laéer probe (Keil and’Sngfslngér. 1973) permi ts
three dimensldﬁ&l anaiysls, leeey tge beam can écan an nr;a
and traverse it in depth, to sfudy for e*amplef zoning- Thlé

s

can be done only at the surface with the electron

)
microprobe. At present correctioﬁs for laser probe data are
very approximgte qnd therefore fhis‘instrumeﬁt does not
present ;ny advantages over théielectron-microprobe. The ion
probe (Andersen, 1573) gives the possibility of in situw
isotopic determinations;and may be very useful tébstﬁdy
-;neral growth ;nd to dqfe geological events. However, as in
the case of the laser probe, corrections are still only

approximately known, and in, any case, the instrument is less

applicable to simple chemical analysis and mineral



identification.



CHAPTER II

MINERALOGY‘ OF URANIUM h
- SN
To u;derstand the problems linked with the
analysis of uranium minerals, it is necessary to conslder
the mineralogy of ufanium. Comprehensive books on this
subject are those of Frondel (1958) and Helnrich (1958); a
more recent summary has been tabulated by Hounslow (1976);
Because wany new uranium phases have beéh identified since
1958, a brief updated‘r;vlew of the mineralogy of uranium
presented here.
Uranigm nlnerais can be divided into ten classes
(table 4, at end of chapter):
oxides &
mul tiple oxides
arsenates and phosphates
silicates
carbon;tes
sulfafes
.vanadates

tellurites

o

is



uraniuy—moUdeenum minerals

selenitese. )
Naturally occurring uranium rich carbonaceous mattgr.has
nléojbeén desériped-“ |
‘ Because the chemistry ot thohium resembles that of
te travalent uranlqm; the fetrdvalént diranium minerals have
thor ium equivalents. The latter have b;en inctuded in table

. L J

4, and in the tfollowing deScrlptlén.

<

The uranium oxides are of two types:
1- anhydrous je.€., uraninite (and its analogue,

thoriani te)

2= hydrous i.gey the hydiate uranyl oxldes

1- ANHYDROUS OXIDES

Urapinite is gssentiq}ly a tetravalent uranium
oxide, having the for-ula’UOZ. It crystallizes in the cubic
sy;te-<qnd has'a fluorite type structuref;tﬁe fundamental
cell is fﬁce centeréd with respect to the uranium ions, with

the oxygen ions at i/74, 1/4, 1/4’equ1valeﬁt sites.

—



\Ramdohr (1969) has reported that nanf specimens of

uranlnltel(lndus Valley, Blind River, Witwatersrand,

.

synthetlci exhibit characteristic cleavage (111), seldom
(100); buT in {general cleavage is not observed in natural
érystals,/havlng been destroyed by radiation effects.

i /

s Pltchbiende is8 a deéérlptlve qame commonly used

\fqp{ébllotorm. nicroerystaline/ziiiigiigLrﬂ_ﬂ,, P

g T . . o :

f;;M;3E$6%TTT33’5?f:rdnin1tes is somewﬁat variable
due to: . - : C °
1- nodZETSTEETmeQEz\ o
@, 2- presence of radlogénic lead(

. 7

3- presence of elements in substitution for uranium

1- Nog-stoiqhiqmetry
| fhe varlabll{ﬁy of U/O ratio observed can bhe
" imputed to: | | “

1- conditions prevalling at the time of
crystallization: uraninite can crystallize in a more
or less oxidized state, the degree of oxidation
increasing Qlth tempera ture (Berman, 1957);

2—- self-oxidation: this is a continuous process

resulting from the liberation of oxygen as uranium

decays Ao lead, jege,
UOp, = PbO *+ O

‘Uo(z,x), the excess oxygen 1is -accommodated in

latticey, either at position 1/2, 1/2, 1/2 of the

the cubic/

Csuade

PIRERIR
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cell (Alberman and Anderson, ‘1949), or at position
1/2, O, O.fIn'fhe latter case, 'norhal! oxygen would be >

sllghfly displaceds The cell parameters decrease as tx?

increasess The range of *x' for natural uraninites has not"'; » 5

)
4

been deterﬁlqsd but} the occurrence of a=U3zO07;, the

AT

. -~

tetragonal equivalent of UO2 _ 33+ hes been reported (Dahlkamp e

and Tan, 1977); Cell dimensions and oxidation state can be

e TR T

',éorrelatéd with the origin of the uraninite as shown in

table 2.

~

l
-
IS
4
e IR G R A et

Table 2. Averages of unit-cell dimension ag of un trea ted
natural uraninites in relation to the type | of occurrence.
'n' is the number of measurements used for calculation of
the_ averages The ag velues .used to compute the average are
listed in Frondel (1958) pe. 24-28.

SR Bl Ve

occurrence ag(l) n g
pegmatite " 5.46S 59  \ :
vein . 5.439 92
sediment 5.410 68

2- Radiogenic lead

“
>
¥ imi.":"'.v‘}'-"'f"‘” et e s e

This subject has been studied by Berman (1957). He

/,fﬂfwéhowed that radiogpnic lead does not replace uranium in thé

o

cubic lattice but exsolves to form orthorhombic lead <§

[

monoxide. Indeed, the systematic absences of certain
o

reflectqQns in the X~ray pattern of some uraninites can be
//

;x&lalned by  the presence of monocelluldr overgrowths of PbO




—— : 14

on the lattice of uraninite (Berman, 1957).
: o , ' {

s}

N

: | : | \

3- Presence of elements in substltutizé'tor‘uraniuh.
Experimental work shows that U0z fqrms a complete

solid solution with ThO, (Lambertson et AL., 1953);VC902

(Frondel, 1958), PFOZ {(Frondel, 1958) and ﬁagtial soth

solution with CaO (Alberman et pley 1951)y ZrO; (Lambertson

and Mueller, 1953), Y203 (dkds, 1961) and Nd203'(Lang

et gl., 1956 )¢ Th, Ca, Ce, Y, Zr and Nd are thus expected to

.

substitute for uran;u@ }n uraninites; Other rare-earths will
probably enter the uraninite lattice also. These elements
are abundgnt 1n’high temperaturé ur;ninltes (pegmatites) but
absent, 6r heurly soy in low temperature uraninites (veins
and sediments}. ) -

Elements such as Na, Biy, Zn, Cu, Mn, K, Al and si
havg been reporfed lh chemical analyses; but they mlgbt be

present 6n1y as inclusions or veinlets, particularly in

pitchblende which often shows fine syneresis cracks filled

by 'impuritleé' such as quartz, calcite, hematite and galena

(Geffroy and Sarcia, 1960; Frondel, 1958). ¢

Iheorianite is {he Th ?quivaient of'uraginlte with
the formula ThO,. It generally contains U, REE and
radiogenlc Pbe

Compositions ranging fron UOzrto ThO2 have been
found for minerals from pegmatites; the name uranoeothoriani te

hes been proposed for compositions 1nterhed1ati‘.etween

TG AL A 25
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uraninite and thoriani te (Wells gt aler 1933).

“

2- HYDROUS OXIDES

- ’ -

_ . Hydrated uranium gxldes ar

e hexavalent uranium

oA R V6

compo#ﬁdsr_and have no naturallyﬁoecurring thorium : ‘

equivalents.

"Their investigation has been made dl!facult'by : ’ '

their degree of hydration and the difficalties of obtaining

crystals of reasonable_éize. As a result, the ;ompositlons

and structures of some of these bx;des are'poorly,known.

#
t

Catlons oth

er than uranium are present as ma jor

constituents in many of the specles.

e R g i

Some of the hydrated 6x1des may be grouped

together on the basis of struc-turatl eimilarlfies. They are

designated here es the fourmarierite group which comprises:

agrlnierite,’becquerellte' billléllte, compreignacite. épl*

janthinite, fourmarierite, masuyite, schoepite, ' " ‘

vvandendriesscheife, metavandendrlesscheite. wo Lsendorfite

and ' S

andy b}obdbly, bauranoite, calciouranoite,

métacalclouranolte. '

.
i e b AR

nbrandeite

el Gat

Rameaul te, roubaul tite curite and vande

-
do not appear to be mutually{related nor related to any of

. the other hydrates.

Clarkei te, hydronasturany rlchetlte;

uranosphaerite, and urgite are 1}1-def;ned{

SN ...,_,Mms,m-an‘.’maa:%-» #

téummite is a

a
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‘generic name which applies to the alteratlon products of

-
-

uraninfte.

Eourmarierite group

5 - L

Common propértieé of the minerals gathered in this i
group are (Sobry, 1971; Brasseur and Potdevin, 1960): , %

- crystallization in the orthorhombic system
. - - .

= existence of a pseudq-hexagonal‘snblatticb with'

approximate dimensions:

I8

a'=7.,06 } .

b'=4.08 X » ) -
- . c'=7.32 X - )

‘- small 2Vx angle

A
e B B W B S

-‘pertect (001) cleavage
‘The existence of a pseﬁ&thexagbnul sublattice for
bauranoite cglciouranoite and -etacalclourunolteﬁis not
certaln.‘Theée vére ngve;fheless 19élﬁde& in the |
fourmaflerife group on the basig of similarities ;itﬁ | P
w318end0ff1te (Rogbva et al., 1973) and géne?ul azreénent
with the chemical formulae dna properties of the minerals Qf

°

this group, lncludlngbslmilarlty of the X~ray patterns ( the

e i bl 53

teh*strongést powder'lines‘are glven in Rogova et al. (1973) .
for bauranolte and metacalclouranof}q\pnd in Rogdva"gi ale.
ﬁ(1974) for calciouranoites )

Detailed'lnvestigatlon of minerald of this group

and some synthetic analogues have been carried out by

Brasseur and Potdevin (1960), Christ and Clark (1960) and,

s g, 2l s
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'

. , . \\\\ t
by Sobry (1871, 1973 as4b)e It was shown tﬂlt dlg}lent

monovalent cations replace water continuousl

o~

lattice. The following formulae ver976€;/ced.

where X is a divalent cation and m”ranges.from 0 to

2, and:

v

X OH « 2003.(4 2m )H20

e ot Mt S PR

rom O

e

where X 18 a monovalent cation and m ranges f

to 20 » l : . l . :
Brasseur ( 1962) has'iﬁterpretéd_thls replacement of water by

postulating the preseénce of,pxoniUm; the above general

formulae thugﬁbecane'(Sobry. 1971):
. mx¥ (2-m)(H30)¥ 2(U02) (2+m )0 (2-m)(OH) ]2~

for uranates of divalent cations, where n ranges fprom 0O to

2, and:?

nx*“(z—m)(ngo)*[(uoz)O(on)]-

for uranates of monovalent cationsy, where m ranges from 0 to

The presence of water in the form of oxonjum and hydroxyL

jons was further substantiated by Sobry and Rinne4(1973).by

s

means of NMR powder spectra.

Of this groury only the structure .of becquerelite'

has been well determined, In becquerellte, uranyl ions are. \

pentacoordinated to oxygen atoms to form sheets_pdrnltél to

(001). The water of hydration is located between the (001)

Biellletltefls isostructural wltbfthe abovee.

if

(Courtoisgy 1968). Slmilarly,,ln'other minerals of the

layerse

A
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. ) ' /
fourmarierite groupy with the exception of masuyite

(UOg.ZHZO) the uranyl ion. is probably in five-fold /

coordination with oxygen-vln masuyite, it appears to be/ 1n
slx—fold coordinatlon'(Sobry, 1971, 1973b. Christ and Clark.

1960)

Q1hgz.hxﬁ;n&zi_nhsnlﬁm_nxiﬁ§s , ‘. I ?
(. . Curi te ;nd roubaulﬁlfe~are orthorhombic) éa@eauitei
is nqnoclinic and vu%@enbbandlte 1sttr1c11n1c(

Courtois (1968)Ohas shown that the ldtflce of
curlte is domlnated by sheets parallel toﬁiloo;: These
sheets are made gf uranyl ions 1n four and in five—-fold
coordination with oxygens ihe preééncemo# oxonium was not

P

demonstrated.

gummite
' | ‘The te;h guymite 1é of ten used for any fine=—
grained, yellov to orange; 'u?unium coloureq'.f
mineralizatione. It is not a mlneral but a su;tg;og
'Y

_aiteration produc ts which follows, mote oOFr 1e§pﬂ this

sequence:?

st e et e R PR

1- a uraninite ore

~

"\ .2-= an inner zdne chiefly formed of lead aranyl oxides, ‘ %

resulting from the oxldation‘gt uranium and its e

selective leaching relative to lead. This

constitutes the traditional gummites

3-  an outer uranium silicate zone forméd by the

s



&

reaction of the hydrated oxlides thh meteoric or
possibly hydrotherﬁal waters cafrylng asilica and

- calcium: The carbonate rutherfordine is sometimes -~

if contained in the original uraninite, are usually
wholly'remoyed‘during the formation ot_the'sllicates
(Frondel, 1956).

4- a fourth zone made of uranium phosphates may also

-

occur (Protas, 1959)..

. ‘ . b
The better defined uranium and thorium multiple
3 " . ’ kY

oxides are the members of the columbite, group an& those of

the pyrochlore group./bthers cannot be related to any group

>

of minerals of essentially non—-radioactive eléments, they

.are: brannerite, thorﬁtlteﬁ_kobelte, zirkelite and davidite.

Columblte group
| Minerals pf the columbi te group have the general
’formﬁLa:
. v - . AB20¢
where A is mainly occupled by Fe andyun lnbvaplablé?

prozortions, but Y, U, Th and REE mqf be present.

Y

admixed with the sillcatea. Thorium and rare—earths,

ty
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B is Nb and Ta in variable proportionss
All are orthorhombic. Yttrotantalite and yttrocolumbite are

o . .
commonly uranium rich. °

Mlnerals of the pyroch#prebgroup havg ;he genehal

forﬁuld: -
AB20e¢ (F,0H)

where A can be one or more of the‘tollowlng: &a, Ca,
Uy, Bay, Pb;
/ and B 1s.Nb, Ta anq Ti‘ln variable prppoftions-
Name# given to the dlttergnt v;rietles of the pyrochlore
group are 1i$te& below (table 3). Betafite,'tantalobetafl?e
and titanobe tafi te u;e uranluﬁ rich(§arietles; all three are
conmpnly.designnted asrbetaflté. Obruchevite, tantalo-
obruchevl%e and tltano-obruéhevitéiz;e also commoﬁly

uranlum—rich.
The minerals of the pyroéhlore group crystallize

in the cubic system.
\ .

Otherg
Brannerite, fhorutite, kobei te, zlrkél;te and
dbvidltéVAre'generally metamict. For ldentlification by X-ray
&1gfra;tion they h@ye to be recrystallized at temperatures
-y
between SOQﬁand 1200°C. Recrystallized natural brannerite

and thorutite as well as synthetlic polymorphs haye been

studied by Pasbt (1954), Ostunali (1959), Patchett and



Table 3. Varieties of pyrochlore, from Troger (1967), R
= ‘--""----"—-"'-"'""—-"-°—_--—-’-“—fé"-d'_f -------
A B : Nb . Ta Ti '
Na+t+Ca pyrochlore mlcrollté titanopyrochlore
>15%U0 petatite tantalo- titano—
petatite, betafite

Y . obruchevlite tantalo- titano-

) obruchevite bbruchevlite
Ba(+Sr) pandaite: rykeboerite
Pb Pb-microlite

ﬁuffield (1960). Perez y Jorba et al. (1961), Adler and Puig
(1961), and Ruh and Wadsley (1966); kobeite has peen studied
by Hutton (1957). 1t is not certaln whether any of thé’
vatlé;s structurbs presented, all obtained ;n high )
tempera ture phéses; correspond to the naturally occurring
minerals of simitlar composition which are found mostly in
iow temperature e iron eﬁts}(at any rate, lower than

1000°C). All but davidjte have well-defined chemical

formulae{

Q;_ARSEHAIES_ANR_EﬂﬁﬁﬂﬂAIES

Because many uranium arsenates and uranium
phosphates are isostructuraly, the phosphatesfand arsenates
will be reviewed as a gingle class. According to their

composition and structurey they can be divided into three

~TT

groups?

v
b -
AN
b’
Y
=
&
¥
"k

e,

P
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/
~ the so-called uranium micas or torbernite gr&up
FUP

!
/

1- phosphuranylite group '/
2- rhabdophane group, . o . o
Other, isolated species are: coconinoite, dumontite and

wa lpurgi te.

Uranium micas “ - B \
N The uranium micas are»by far thevbést knon uranyl
. . ‘ \ X
minerals. Comprehensive studies have peen madefby Ro;§ et al
- (1964), Ross ond Evans (1964, 1965), and Walenta (1965a).
. The micas are characterléed by the general_
formula:
‘; A*2(U02X04 )2 +nH20
where X is P or As or a mixture of both,
and A can berany one ( or more) of the following:
/ Nazy Kz, (NHe)a, (H3O02 )y Mg, Co, Fe, Cu, Ba, UO, and
n (HAlg,_5)
, . . .
All are tgtragonal with perfect (001) cleavage, hence the

name *mica’. They also have significant cation” exchange

caepacitiess Their lattices are dominated by infinite sheets
\ . N

., of (UO2P04)32 or (U02As04)32 parallel to (001). These

.
'

s?ééts consist of uranyi ions coordinated by four éxygen
atoms to four different PO33 ( or A80%33) tetrahedra. The
sheets are puckered wi th urqnyl'ions"displacedvupward and
downward from the plane %f the P or As atomse In the fully

hydrated speties, adjacent sheets are related to each other

22

‘
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by’a\mlrror plane lying halfway between the uranyl jons and
i "

perpendicular to the c-axes, thus. leaving large cavities

between the sheets. Translation of the sheets with reapect

\

to one another by .a vector (1/2, -1/2, 0) reduces the

minimum dlstanée between them and accounts for the loss of

waters

specliese.
°

i
/

The dimensions of the c—axes typify the different

The unlt- ell sizes of the phosphates are smuller

than thelr arsenate'equlvalents. Moreovery, the c-axes vary

stepwise with the amount of interlayered water and, to a

.1esser extent, with thes{nterlayeted cationse.

The exact amount of wate/:for every specles 1is not

known accurately but as a whole 1% can be related to the

valencles. and ionic radii of the/cations. According to

Walenta (1965&), the water conténts of the holohydrated

/
!

phases are: / : . .
. : / v
1- 10 to 12 for divalent ¢cations le.e.y 12 for the
L . | -
cations of small ionic radius such as Cﬁ, Mgy Fe and
Co; 10 for cations of Lerger radius such as Ca and
Y \\ )
2- 6 for mono;;r@nchggigns of la\§9 ionic radius like
K and NH3z. . ‘\\\
/ ) )
- ’, . V \\\\
‘J’ ’ ) N
These generalisations are valid for both arsenates';ﬁd\
. / ‘ \\\\
phosphates with the exception of barium urgnyl phospha te Tl

‘which hosts 12 water molecules per unit cell.

The nomencla ture of uranium micas takes account of
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the different degrees of‘hydration in the following manner

(Ross and Evans, 1965):

1-

"If only one hy*rate is known, no prefix or Roman
. ! _

I
numeral will be/used in the mineral name".
i
|
“If two hydrates are known, the lower hydrate wiltl
. _ |
have the prefix!/ "meta" attached to the mineral

name' .

“"If three or more hydrates are known, the highest
hydrate will have the prefix "meta" attached to the
name,)and the Roman numerals will iﬁ increasing

order designate progressively lower hydratation

states".

This use of the prefix meta extends to all uranyl minerals.

» Rhopdophane group

Among uranium minerals, the rhapdophane group

includes: prockite, graylte, ningyoite and possibly the ilil-

deflned_lérmontoviye. These have the general formula:

APO (*nH>
where A 18 two or more of the following: Ca, Th, U,
and REE.

Ningyolte and grayite are orthorhombic ( pseudo- .

/

hexagonal) and brockite is hexagona

L (i1 \rhaydophane)
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Phosphuranylite group
This group comprises four stfuctural anaiogués,

;ﬁ;mely: phosphuranyllte,,arsenurnnylite, renardi te and

! 4
I

~;bergen1te. They are orthorhombic and have the generfl

= : e

. formula:

'A% 2( U0, )4(X04)2(0H) 4enH20

«

where X is éither P or Asj; . ,

and A is Cay, Ba or Pb.

WalplGirgite is a bismuth uranyl arsenate; it
crystallizés in the triclinic system. Its phosphorus .
analogue has been described but not named ( Soboleva and

" Pudovkina, 1857)..- ' o

Ddﬁont;te 1sVan.or,‘ T ho ic ltead uranyl phosphate

and coconinoite 1s an iron=aluminium uranyl sulfo-phosphate,
‘and ie possibly monoclinice

Y 3
T

The silicate minerals comprise two important

groupsy namely: . .

s

1- thorite group: thorite, coffinite, and

thorogummi te



o o . . ‘ 26

"
T 2-{ uranophane group* uranophane, pbarium—uranophane, L a

"poltwooditey sodium—bolt'oodlte, sklodo&sklte,
cuprosklodowsklte and kasollte. f

i
\

in a dltion to huttonlte and ﬂ—uraﬁophané, which are
] :

polymorphs of thorite end uranvphane respectively. and six

,

other specles:—halveeite, me tahaiweeite, ranqu%llte;

soddylite, ursilite and weeksites

Innniig;sxggn -
_Minerals of the thorite group are tetragonal and

*~
. o
jsostructural with zircon (Fuchs and HoesStra, 1959 ). They

are orthosilicates Qith fhé\general formulas- ‘
* \ M* 45104
nwhere M can be ojpe or more of: Th,y, U, Ca;-and REE.

The M cation is mainly U in coffinite, and Th in
thdrogumml{e;”Ca and REE are usually>also present. Both
miherals are hydrous due to thé péplaceqfnt of part of the
>silica by.hydroxyl, thus leading t? the tormulﬁ:

(Th;U,Ca, REE) ( 1-x)(S104) 4x(OH)
Thori te Qﬁd'lts polymorph nnijgnlig are 'pure' thorium ﬁ

orthosilicates; huttonite is monoclinic and lsostructural

with monazite.
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llné;als of this group have&fhe general formu}a:
”A*z(uoz)z(SLo?)z(OH)z{SHEO
where A can be: Ca, Ba, Cuy Pb, Kz or Nagz.
~ They Qre monoclinic or perhaps ortﬁorhomhlc in thg
case of boltwoodite and metabolfwoodlfeﬁ they exhibit
perfect (100) cieavage.
. Their sfructurq consists ofAchulns of edge-sﬁkred

(U0 )0s dipyramids and SiO, tetrahedra. The chains are

cross—linked by corner sharing to form (UozSiO‘)‘z,layérs

parallel to (100). Ca, other cations and wafer_are located
I 1 B

between the layers. The chain structure accounts for the

common acicular habit of uranophane and its analogues.
- ﬂ:nngngghgng is also made of chain-nuilt ldyers

(U0538104)"2 but the uranium—oxygen and silica-oxygen

polyhedf& are oriented differently‘(Smith an& Stohl, 1972!.['

~

It is not known what natural conditions favour the formation

of pA=uranophane rafher than uranophanee.

9

Haiweeite and metahalweeite have essentially the
same cheu;lcal formula, exept that %tahalweelte is less |
hydrated{ both are monoclinice )
Ranquilite, soddylite, ursllite and weeksite are
all orthorhombicy but each has a chemical formulae vhich
cannot be related to anx/other known uranium silicate.

J : ‘ /

>
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,A}l uranium carbonhtes, except wyartite; contain
uranium as the urgny% ion and glt but’sharplte‘dnd |
rutherfordine have other cations‘than uranium and carbon as
‘ma jor constituents. On fhe bas;s of chemical formulae, one

series can be distinguished: the tricarbonates,

S

-

This series is characterized by the general

formula: .
. ] o : Ve
A2+U05( CO3)3enH20

™

where At*2 is one or two of the following: Naay Ca,

K; or Mg. REN

Its _membéi'é are: andersonite, bayleyite, grimse‘,

liebigite, rabbittite, and swartzite;,&fructural retations
. ;\‘1‘1 . ,

between the above are not known. Only liebigite, has been
; } , -

' . [N
the sub ject of a detalled structural analyses.

i

Study of synthetic liebigite has shown 1t'£o
crystallize in the orth&rﬁo-blc éystem. Its "structure
consists of dlgcrete (QOZ(CO3)3‘ cohpleies in which three
C032 groups lie in a plane perpqndlcular to the linear UO%2

1on;>these planes are all nearly parallel to (100) and

tilted about 45° with respect to (001). Calcium ions bond

the,coaplexeé toge ther into slablike units parallel to
(010), between whlch'water molecules are packed" (Appleman,

1956 ). This description leaves something to be desired since
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’

————Mglanes neearly parallel to (100) and tilted about 45° with

respect to (091)“ cannot occur  in the orthorhombic systeme

"

Rutherfordine is orthorhomblc and consists of

Iayevﬂ'of uranyl ions bonded in Bix-fold coordlnatlon with

ASH

three 003 trlangles. It 1s anhy&rous- Wyartlte‘ls
orthorhombic; it contnlns goth tetra— and hexnvaleht

fanlum. The US*:(U02)4*Y ratio appears to alter rapldly in

).

&r.at PyT condltions (Clark, 1960). Zellerite and
'metazellerlte are orthorhombic calcium dlcurhonates.
VoglLte, sharplte and studtite are 111 deflned.
Schroecgipgerlte is t;icllhic and conmonly 9xhlbifb perfect

A‘micaceous' (001) cleavage. Its water content is variable.

(Smith, 1959).

EL_&QLEEAIEE

In the past nony names have been proposed_to B
designate uranium sulfutes gut only three of these
substancés pave been adequa tely determined: johannite, .
zipbeite,_uranoplllte (and possibly meta—uranopillte);
(Fréndel 19553. Structural data on thesé’nlnerals are

scarce. Only the astructure of johannite has peen describeds

Johandlte"crthalllzes in the triclinic system.
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—

'Uranyl ions are rentacoordinated and sulfur ions are
\tetracoordLﬁated. Each ‘uranyl is bonded to three oxygens

from dltferent sulfate groups and each sulfate shares oxygen//

'utoms with three uranyl ions; the endless chains parallel to

(001), are apparently linked by pairs of (OH)‘ ions shared

between twb uranyl lonse. Thewresultlng structure consists of ‘

=
7

infinite sheets parallel to (001) cross—linked by copper X

qtoms bonded to the four?h sulf@te oxygen (Applemah, 1957).
_ Fo; some’ time, the name zippeite was applied to a
n;mber of hydrated uranlun sulphatgs. As suggested by

. Frondel (1958), the Jamelzlppeite proper is re;trlcted to a

,_partlculur mineral from Joachlmsthai, Boﬁemla, whlch is
Arthorhomb;c and has the composi tion: Qy03.803.$H20 or néﬁr
thereto (Frondél, 1952), )

Analysis of materlal‘trqm the type locality shows calcium;

the content from s;k analyses ranges from 0 to 4.13% CaO

(Frondel, 1958). This might be attributed to contamination

of zippeite by gypsume.

,

Uranopilite ls monoclinic; the identity of a

2

partly dehydrated species, meta-uranopilite, remainscﬁm

uncertain (Frondel, 1952),

P
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Among the uranlum.vanadates. uvgnite'and rduvite
are 111—det1ned.‘All other known minerals of uranium and -

vanadium fall into the cernotite group.

i
.

Carnotite group
This group is characferized.by tﬁe general
formula:

X*2(U02)2V204.nH,0

I

/ Wi
S -;:“

where X can be Kz, Ca,/Ba, Cu or (AloH ).

Its members are either orthor ombic or moqoclinlc.”Their
: . /

crystaf structures are knoww’from the study of synthetic

anhydrous carnotlte and its ceslum analogue by Appleman and
)

Evans (1965).,

Each vanadluﬁ to- is surrounded by five oxygen

/
atons in the form of-a yetragonal Pyramide Pairs of such
coordlnatlon polyhedrn, with their aplces polnting in ‘ /
/
opposl te directlons. share an edge to'totm Vo03% /

'dlvanadate' groups. The linear uranyl ion is also
surrounded by five oxygen atoms 1n the form of a plane/

i
—

rentagon which shares edges wlkh adjacent divanadate groups

and uranyl coordination £roups,y, to form infinite s

t8 of

[(Uoz)zvzoa]42 parallel to (00!). The sheets a llﬁkedv

s Cs in the

together'by potassium or other cations such

- 8ynthetic Cs-carnotite or Cay Ba, Cuy and (AlO0H) in known

e gl
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i

-inerals. Water molecules are located between the [OOLJ

layers.

Like the uranium micas, carnotite and its

analogues exhibit perfect [001] cleavage and their unit cell

dimension ih.the z;dlrectlon 1s related to the number of

interlayered water mqieeulqe. They also have signltlcanf

v

cation exchange capacities.

1]

Three uranium tellurites have been described. All

are from the Se—Au deposits of Moctezuma, Mexico. In

L

contrast with uranyl minerals of'ofher'clhsseé}\fhe'kQOVn

. -

uranyl tellurltes{are nelther hydrous nor hydrated.

A S

Mgg;gznmiig is a monocllnic lead uranyl tellurite.

s;;nmuxum dnd sz_LL.t.tm:sLLta contain only uranium

and tellurium as muJoL Latlons. The former crystallizes in

i

the orthorhomblc syate# and the latter, in the cubic eystem.

The qhem;cal !ormula proposed initially for cliffordite is -

(Galnes,

1969): .

UT e3Og

where ngh uranium and tellurium are tetravalent.
> : - ,

A refinement of the structure (Galy and Méﬁnler. 1971) shows

that:

UT309¢



where uranium is hexavalent and tellurium tetr;valent, is
"more appropriate.

-Tﬁe}structure of cllttor&lte consists of
.dipyramlds of gexacoordlnatedduranyl ions llnké&.to TeO¢™
tetrahedra; cationic planes of (Te+U) an& of Te altérnate 
parallel to [100], (Galy and Meunier, 1971). |

In schm;tterlfe,5the uranylvlons are coordinated
to five oxyggn ions, and tellurium is bonded to four oxygen
ions. The pentagonal dipyramids (UO7) are linked side by
side to form [n(UOs)*" ] chains elongated in the (100)
directione. Tellurium bonds the.chains in the (100) plane.
(Structural data are from Meunier and Galy (1973) but the
cryétallographic axes are %hose chésen by G#inesv(1971) in
reference to the convéntiénal orthorhombicvcehl).

Schmitterite exhibits a .good (100) cleavage.

ls URANIUM-MOLYBDENUM MINERALS

Six uranium-molybdenum minerals have been

P

repofted. Five of them, sedovite, mourite, iriginite,
umohoite and mglurqnlte contain no catlons‘otﬁeb than
uranihﬁ'and mqubdenum; calcurmoli te combines c;lcium with
mﬁlybdepum and uraniume. T}

| fhe chemical formulae of thesé minerals are

difficult to aécertain andy, except for umohoi te, they are



ill-defined. The difficulty arises from the coexlétencé of
multlvalQnt elements namely uran;ul‘(+4,+6) and molybdenum
(+5,+6); thebr oildafﬁén state cannotibe derived from

quantitailve chemical anﬁlyses bec#use it 1is not kno;n, in

T

: ' | . ~..
most'caq@s, how essential oxygen present as 02 and possibly
) N ” ;
also as (OH)™ 1! ig shared ‘between the the uranlum and

molybdenum cations. ,

Deliens (1975) reported'a caiﬁium-magnebluh-

uranjum-molybdenum mineral which might be a new species.

“oa
w0

o Four uraﬁium selenites have been describé?; ALl
' . .
were found in the oxidation zone of the Musonoi Cu-Co
deposit in Shaba, Zaire.
In these minerals, water andrcatlons éuch as Bea,
Cu, anq Pob océur vit; hexavalent uranium and selenium. The
minerals appear struéturally unrelﬁtéd to each other though
three of them, derrickaite, guilleminite and marthosi te

. . -” )
crystallize in the orthorhombic system; demesmaekerite is

triclinic.
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The mateéials carburhn,'sogrenite and thuchql;te
are not minerals but uranium-rich carbonaceous matter of o
indefinite composi tione.

These subgtahces'are more or less oxidized and
more 6r less polYmerl;ed‘hydrodlrbon- Aside from the ma jor
constituents; carbon and uranium, they may host tﬁorlum, REE

and vanadium (Geffroy and Sarcia, 1960). In particular cases
: o , . \
where the uraﬁium content is high, microscopic examination-

of polished section permits the distinction of fine
barticles of uraninite in the cérbonadedus matter (Davidson
and Bowie, 1951; Schidlowski , 1966c)-'Heavy'i1quid

separation allowed Nekrasova, (1958) to recover a heavy .

fraction which ylelded an X-ray pattern similar fO'that of
uraninitee It thus appears thaty in most ceses, uranium in

carbonaceous matter occurs as uraninite rather than as a

»
uranium=-carbon complex.

[
v

The name thucholite is mainly used for material

found in pegmatitic dykes; it contajns Thy U, Cy O and H.
- / . B
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Table 4. List of uranlum,mlnerals (reference number and

corresponding author(s) are listed in table 5).
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V4
i ARSENATES

;ggknathylte
) :

argenuranylite
halblmpndlfe
helnrlcgite
hugelite
kahlerite
met;heinrlcpite
neta#&hlerlte
metakircheimerite
me ta lodevite
met&nov;cekite'
‘meta~uranospinite
me tazeuneri te

novacekite

sodium=-
uranospini te

. troegerite

uranospini te
walpurgite

zeunerite

K2(UO2 )2(As04 )2+8H0

. _
Ca( U0, Ye( ASO4 )2°6H0

Pbo( UO2 M AsO4 )2

Ba(UOz)z(AsOg)zOIO-r2H2?
pbz(uozi3(A§o.)z(oH)-augo
Fe(UOz)é(AsO.)zinHzO '

Ba(UO5 )2( AsOq Y2¢8H20

'Fe(UO2)2( As04)2°8Hz0

Co(UO2)2(As0,4 )2+8H0
Zn(UO02)2( AsO4)2+10H,0
Mg(UOz)z(AsO;)zt4;8320
Ca(noz)g(Aso.)zosnzo
Cp(UOz)z(ASOgDZOSHZO,

Mg(UO2)2( AsO4 )2°12H20

(NapyCald(UO2)2(As0,4)2°5H20

(UO2)3(As80,4)2+12H,0

Ca( U032 )o(As804)2+10H20

(Bi0)4(UO2 )( AsQO4 )2*3H,0

. Cu(U02)2( As04)2°10-16H,0

* When available, the formulae bame from Fleischer (1975)}CpMﬂ

o

Y
A

]
1
'

32,33,69
4

84,85

46

86

a2

82

32,83

82
82
32,33

32,33

52
32,33,84
32,33,52
32,33

32,38

———— — - T —— > - —— ——— ———
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Table 4 cont®dececees
°°°°°°°°°°° """""f""'""--’f—-°"'-;""'°-’°_‘--'f\
CARBONATES . | i//fu

e
andersonite. . NaZCu(U02)C03)3-6H20 /// 32,33
bayeleyite Mgz(UO;)(CO3)3+18H;0 - 32,33
deakeite “  | synonym of schoeckingerite | 32“
diderichite ’ ;ssynonym of rutherfordine 32 g
grimselite nga(Uoz)23-H20 {' 86
liebigite CazU(CO3 )4*10H,0 | 32,33
me Ko lvel te . (NasCa)(Bay Y, U)2(CO3 )3eHZ0 24,55 _ifﬁ‘,
metazeﬁlerlte ' Ca(UO;)(Qpa)ZOSﬂZO ’ ‘22 ’ -
neognétunite | _gynonym Q{»sbhn&ecklngeflte 32
rebbittite | Cajkga(Uoz)2(003)5(08).;18320 32,33 .
rutherfordine Uoz(dos) | . - 32,33

schroeckingeri te NaCa;(UOz)(Coa)s(SO.)f-lOHZO 15

sharpi te (UD2)(CO3 )eHa0 T?). .
swartzite ‘ CaM@g( U0z )(CO3)3+12H20 32,33
“voglite ] Ca2Cu( UO2 ) CO3 e *6H20 (?)*»\ 32
 wyartite . CazU**(U02)e(CO3)2(0H) s *° 21,47
T ‘ - «3-5H20 .

~ - . S

zellerite Ca( U0z )(CO3 )2 +5H20 22,45

f o~ l‘ +

HYDRATED OXIDES
agpfﬂierlte

bauranoite




pecquerelite
pillietite
calciouranoi te
clarkeite

compreignacite

'curlté

epi-ianthinite
fourmariel te ‘
hydronasturan

ianthinli te

.masuyi te

me tacalciouranoli te

meta— ‘ s

‘vandendriesschelte

paraschoéplte
ramqaulté
richetite

roubpaultite

‘sc hoepli te

un named
ur&nbgphaerite

urgi te

,,vandendrlésschelte

vandenbrandel te

wolsendortite

-‘U,ciz-suo;- 10800

&
‘hydra ted Pb,U oxide

CaUgO19°11H20
Bauboig-llnzo
(Ca,Ba,Pb)U207°5H20
(Na.Ca.Pb)ng(Q,OH)y‘
xzugo,9-11nzo

?b205017f4ﬂzo

variety of schoeplte

Pbﬂtol3°4ﬂzo
AN

UO:-2;§:SUO;

(C&'NG,BE,Pb’K’U207.107H20 3

PbU7022°nH20

variety of schoeplite

K2CalUgO 20°9H20

CuZ(U02)3(OH)[Q'SH20

UO3°*2H20

<

PbU,07°nH20

Bi,U209°3H20
UO3*nH20
PbU7022°12H20

Cu( U0, )0,*2H20

(Pb.C\90/61-2H20_

- —— Y T " s 458 S

3R

20, 32,33
20,32,33
67
32,33

64

32,33

20,32,33
41

32,33
20,232,332

66

20

16
32
14
20
25
20
46

20
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Table 4 cont?*decocces
1 P Q
 MOLYBDATES
calcurmoli te Ca(UOZ )a( NoO4 )3(OH)2+11H20 71
iriginite U( Mg, )2( OH )z *2H20 ' ‘ 26,79
. . A R
molurani te U0, *3U03° TM0O3+20H;0 26442478
mourli te .4(05’0é);2uos*02(0H)2
’ eNo®*O(OH )2 - ‘
or 4(0‘*0205Ko°*02(0H)2
. *, '\
sedovite U(M0O4)2 74
umohol te UQ; *M0O,*2-4H20 48,50
. " ‘g"' «
_OXIDES . ‘
r . é . .
absite’ synonym of brannerite
& . o - 7
betafite (CaeyNa,U)2(Nb,Ta )o0s(OH) 32,33,80
‘brannerite UTi 206 32,33,62
/
pbroggerite 'synonym of uraninite
cleveite "synonym of uraninite
» S
davidite (v, Fe ,Ca,La)g(Tl Fe3),5 32,33
’ (O OH )36 -
ferutite synonym of davidite 42,52
gummite generic term 30,32
. \ P
kobeite (Y,U)(Ti,Nb)2(0,0H)s . . 58
lodochnikite syndpym of brannerite M .. 42,622,178
.pbruchevitk ‘(Y,Na.Ca,U)!gb,Ta'Tl,ﬁé)z 42,80
; ) (0,0H)»
'parabltchblendg' synonyﬁ of uraninite - g§§' %§-~};
. . = R . s 2 s
synonynzot uraninite

).

e




. S~
o . | 3 ' !
Table 4 cont®deccecee
Lo )
samarsg}té :é(Y,Ce,U.?a,Pb)(Ng;Th,Sn)zbg 44,62
samiéreslte ' synonym of betatite (?) 143 .

{ thorianite ’ ThOo, ' ‘. '  32,33 *
thorutite . (Th,U,Ca)2Ti2(0,0H)s 44,62
_uferi?e | . synonym of davidite _ 42,78 = u//
ulrlchite; s;nonym:ot uraninite

'furahinlte IR i (o P o . . 932,33

) ) urqn?thorldnite variety ot th;rlahlte . 32 S \
yttrocolumbite €Y,U,Fe)(Nb,Ta)0s 53 }
( yttrotantalite (Y,U,Fe)(Ta,NbéOskr . 53 .. /
ilbconollfe_” ” synoﬁym,ot zlrket;tp o - 65 ‘
zirkelite - (éa,Th,REB)Zr(TI,Nb)zoy 65
” '§HOS£HAfE${;
:ﬁuthnifé" - : Ca(uoziz(po.)231o—12nzo 132,33

;_bassetltéf“c ggcnozjz(?q,)zognzo_. 32,33

bergeni‘te Ba(UOz).(Pdg)z(OH).;SHZO .8
(qg}rh,Ce)Pb.-znzo ‘ 29
| FeaAl2(U02 ) POy )y (SO ) OH), 87 ]
2 . : «20H,0 .
dewindtite synonym of renardite (7?) ’ . 32
dumonti te 3 Pb2(UO2 )3(POs )2(OH )y » 3H 20 32,33
evletterite .(Tha_5A13.s)[(P0‘)(Sio‘)]z 81 . .

(OH)g (?) o o
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Table 4 cont®dececese

grayite | \'(Th,Pb;Caipo.ingo o 32,33
lermontovi te (U,Ca REE )3P0 4+6H,0 42,78
meta-ankolei tef K2(UO2)2( PO4)2°6H0 . 38
;meta—autunite Ca(UO> )z(PO.)z-2-6qzb 32,33,§8
metatorbeénité Cu(uo%)é(Po.)zosnzd 5 | 32,33, 70
meta-uranocircite ‘Ba(uoz)z(éo.)zoguzo,;" ' 32,33
\nihg§§1te '(U.Ca,ce)(Po.)5:1—2n}o 56
: ;arsonite v Pba(UO2)2(PO4)22H20 .; ) 32,33 /
phosphuraﬁyylte. Ca(U02)2( PO )2sTH20 . 32,333
przhevalski te" - Pb( 062 ).2( PO 4)2°4H50 : o 42, 78
bseudoautunirte - (H30)4Ca ;;( Q‘Oz )2( PO4 )4 *5H0 ? 73 -
renardite o pb(uoz).(Po;)z(én).-7nzo 32,33
sabugalite. HAL(UO2 )A(PO¢ )4 16H20 32,33
éa 1eeite ) Mgl UOz )2( PO 4 )2*8H0 : 32
sodlyung—autuni t‘e . Naa(UO2 )2( PO, )2-83;0 - . 18%
torberni te - Ccw(UO0; 12( P04 )2 08—12!120‘ - 32,33
“unnamed T Bi.(Uo;;Z(qu)zépnzo 7 | zé
unnemed ¢ . (ﬁ%z)atagg)zlazazo | 6
uremphite . (gg.)(uoz)(Ppo.)fﬁzb o 57
’ uranosphatife?;  £§§5(00{}2(As6i;;:§bH2O , 32,33
. E .
SUfoTEs 5. ~ )
Jjohannite Cu(U02)2(S04)2(0H)z2+6H20 32,33

peligoti te synonym of johannite (?) - @32

e s e e e e o e e e e - - - et s e e o e e s e o e e T




Tnble'4

cont'd.......

. uranopilite

zippel te

SELENITES

demesmaekerite

v

derriksite

t

gulllemlplte

—

SILICATES
ard v .
jum-uranophane

ta-uranophane
boLtwoodite
cheralite

cofiinlté

cuﬁroskiodovskite
! . t gastunifc
halvee;te
Qutgonltg
kasolite
laplahdlte.
'metaﬁalqeelte 3
n;nadkgyite

AN

“orlite

‘ . : 3 : 1"1‘-..'3;
Cust U0 W Se0

marthozlte “Q

. (U0 ) 6( SO Y(COH); 1 0*12H20

(UOz)z(SOQ)(OH)a;4ﬁzQ (?)

A, -
350 0H)3 *H20

Ba(W02)3( Se03 )2(0H) 4*3H20
. : 4

Cu( U0 3 )3( Se03 )3l OH)>+7H20

1 »

Ba(UD2)z2(Si03 )2(03)2‘51{20
A _ .

Ca( U032 )2( S1207)°6H20
xz(ubz)ztsxoa)z(oﬁ)ZQSﬁzo
synohym o£ ﬁraﬁinlte'r '
U(Si04)1=x(OH)ax
Cg(uez)zsrzofoéﬁzo
Ca,Pb-utanxLylelcate (é)
Ca(002)25156;5-12320
ThS104

Pb( U0 )S104+H20
Na.CeTiPSi7022°5H20
Ca(ubz)231.o,5osazo

eynonyi of cotfinite (?)

. synonym of kasollite (?)

41,32,33

b

}.3?7@@?03)6(03)6'%g;o 12
15

- 60

13

.5 o ,ﬁ@

32,33,179

49

32,33,34'
32,33

32



Table 4

ranquilite .
si lodowski te

soddyite _
o

BN

thorite *
thbrogum@lte

umbozerl%e

. uranophane

uranothorini te
uranbtlle

urslli te

wéeksite

TELLURITES

cliffordite

‘moctezumite

schmitterite

VANADATES

éhrﬁdiite
curienite
traqcevlllite

fritzsecheite

sodium—-boltwoodi te

“7

cont‘d...-. oe

synonym of haiweeite

Mg(UO2)2S1207°6H20

( U02)551209°6H20

Naz(ooz)2(510352(03)2-5320

\ J
Th81o. b

H
i

Th(slog)g—u£2P).x ' '
Na3Sr4ThS1a(0,0H )24 )

Ca(UQ02)2Si207°6H0 .
variety of thorianite

synonym of uranophade
%
(Ca Mg Yol UOz )351 s01 ¢
7 Q- 10H,0 (?

}2,

K2(UO 2 ’251%01‘5 «e4H,0

E

UTe309

Pb(U02)(TeO3):

UO0,TeO3

t

K2(U0D2 )2( Vb. )z'3HzO/
Pb(UO2 )2( VO 4 )2*5H20
(Ba,Pb)(UO2)2( V04 )2°5H20"

Mn( U025 )2( VO4)2°10H20

Bz LI
Wy
.

28

_ 34
o

32

17
)

59

36,39

35

32,33

c-11
32,33

32

"36-39 -

Q

)
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metatfuyaﬁlnlt%
metavanuruilte
rauvite
senglerifg
stbelklnite
tyuyémuﬁlte
'uvanIte
vgpurélitel

vanﬁranylite

€

Ca( U~02>)z( VO,4)2°3-5H20

AL(UO2)2( VO, )2( OH‘)OBHZCO

Ca(UO2)2V0025*16H20 7

- Cu(U02)2(VO0, )28-10H,0

cNaz(U02 )2( V04 )2°6H20
Ca(U032)2( V04 )2 «5~-8H,0
.UaVeO2q¢15H20 i

AL(UO2)2(VOq Y2(0H)*11H20

[(H30),BayCaysk]1 6
s (uoz)g(vo.)2-4ﬁzo (?)

CARBONACEQUS COMPOUNDS

cafburan**

sogrenli te¥*x

thucho lite*X*

- - - e

%% Not a mineral name



Table Se

Numbers and corre

OO0 L N =

Abledo gt al.(1960)
Agrinier gt al.(1972)
Alekseeva at 8l.(1974)

‘Belove (1958a)

Belova (1859b)

Belova gt al.(1963)

‘Cesbron

Cesbron

Branche gt al.(1863)
Bulteman and Moh (1959)
Burynova et al.(1965)
(1970)
and Morin (1068)
et al.(1965)
et al.(1969)
et al.(1970)
Cesbron et al.(1971)
Cesbron gt al.(1972)
Chernikov (1857) :
Chernikov gt al.(1957)
Chernikov gt al.(1975)
Christ and Clark (1860)
Clark ( 1960)
Coleman gt al«(1966)

Cesbron
Cesbron et
Cesbron

Davidson and Bowie (1951)

Desautels (1967)

Emerson and Wright (1957)

"Epshtein (1959)

Eskova et al.(1974)
Eskova gt al.(1974)

onding reference for table 4
Guillemin and ‘Protas (1959)
48 milton and Kerr (1959) '
49 Honea(1961)
50 Kamhi(1959)
51 Kopchenova et QL-(1962)
52 Kopchenova and
Skvortsova (1957).
53 Lima de Faria (1958)
54 McBurney and Nurdoch ( 1969)
55 Milton et al.(1965)
56 Muto et al.(1959)
57 Nekrasova (1957)
58 Hutton (1957)
59 Outerbridge et al.(1960)
60 Plerrot et ale.(1965)

.61 Polikarpova (1957)

62 Povitailis (19863)

63 Protas ( 1959)

64 Protas(1964)

65 Pudovkina et al.(1874)
66 Rogovu et al.(1973)"
67 Rogova et 5l.(1974)
68 Ross (1863)

69 Ross and Evana (1964)
70 Ross et al.(1964)

71 Rupnitskaya (1958)
72 Schidlowski (1966c)
73 Sergeev (1964)

Flsher and ueyrowltz(1962)74 Skvortgova and
Frondel (1952)

Frondel (1956)
Frondel (1958)

‘Frondel gi'glo(1956)

Fuchs aqn'Gebért<(19585
Gaines (1965)

" Gaines (1969)

Gaines (1971)

Gallather and

Atkin (1966)

Galy and Meunier . (1971)

Geffroy and Sarcia (1960) 84 Walenta
85 Walenta

Getseva (1956)
Getseva and
Saveltva (1956)

Sidorenko (1965) -
75 Smith (1959)

) 76 Smith and Marlenko (1971)

77 Smith and Stohl (1972)

78 Soboleva and
\Pudovklna (1957)

79 Stephenson (1964)

80 Troger (1967)

81 Van Jambecke €1972)

82 Walenta (1958a)

83 Walenta (1958b)

(1965b)

(1972)

86 Walenta and
Vimmennauver (1961)

Gorzhevskaya gt al.(1965) 87 Younfhgl al«(1966)

Gotman and Khapaev (1858)
Granger (1963)

‘Gross and Corey (1958)
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CHAPTER III

PREVIOQUS WORK .

.- B : a8
.. 5 In the analysis of uranium and thorium minerals,

N

the electron microprobe has been used mostly in gqualitative:

studies‘Quch as identification, distribution of the variqus

“

_Fonstltuents qf a phase and for the'determlnatlon of
app;oxlm;te ratios of elementé brgaenté Examples of such
apﬁiicatlons are glven.py Aqr}ﬁ&ép.gi ;L:’(1972); Bgrthel
and Mehnert (1970); Cebron:.fg}""nu. (19723; Fre‘nzel et ale ~, -
(1975); Kleykamp (1973);-Ramd;hr:gi ale. (1965);,Schidlovéki
(1966 ;,b;c): Van Wambecke (1972); Enq Walenta (1972).
.Qu;;tltative analyses h;ve‘ﬁeen reporte¢“by Fer;;s and Ruud
(1971) and by Steacy et al. (1974).£or ﬁrannerlte apd by
Grandstaff (1974) and Mdrton and Sassano (1972) for

uranini te, Feriis And Ruud (1971) corrected their analyt;cal‘
data for dq&rlx effects uslhg se.l—empirlcai tactérs‘
¢§velo;ediby Ziebold and ogilvie (1966), but ;heyég?y not
state what emlsélon line they have used for uranium. Steacy

et al. (1974) geve no information about emission lines or

corrections. Grandstaff,(1974) used M-emission lines for

- : 46
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ur;nlun and thorium, but mdﬁe np*ientlon.ot‘correctlong for:
ma trix e*técts..uorton.gnd SA;saﬁo (1972) used uraqium M-
lines, but also gave little 1ntormatlon_régard1ng
corrections.

Other appllcati}ﬂé o; the electron microprobe in
the study of uranigﬁ,compdunds are toﬁnd in the field of
metallurgy where it is .mainly used_fo‘study migration
>phenoﬁennb(for e;amble; Adda gt ale, 1960: Adda et aley

19613 Aléock and Grqubsbn, 1961 ). Binary éyéfoms, however ,
ha§e b;en analysed qhantltaflvely with success by Bﬁcﬁner
(1973), Colby (1964) and Kirianenko gt al. (19§3i.'nﬁcnner
(1973) and Colby (1964)vestahllshed“calig;atlon curvés
relitlué average atomic number and beam current to probe
;urfént ratios. The determination oi‘th{s ratio for an

,unknévn*allowed them to deduce ltsyaverﬁge atomic number and
ﬁenée the proportions ot';ts cShstltuents.-Thls appfoach lé
onl& viable with blhar& compounds ot'very different utomlc
numbers. Klrlanen%o gj nl- (1963) applled the conventlonal
tZAR? correctioné\as suggested by Castaing (1951, 1960) and
Castaing and Deschamps (1955) for L3 and MNs emission lines.
Good results 'ere:thus obtalhed‘for blna#y alloys but n;

;tfempts have been made to test and to apply fhis method

with uranium -1h§rals.

-

A surgey of theLgeblbgical 11 terature 1ndicates
that investigations of uranium and thorium minerals ar§
generaly performed on Bepdfafe“truc&lons by X-ray
diffruétion. differential therﬁal analysis, wet~éhemlsfry

O




andy for uranium and thorium excluslvely' by Yray-
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Bpectronetry, neutron actlvation'and track—-etch pfocedures.



CHAPTER 1V

-

ANALYTICAL APPROACH .

1

Before undertakiﬁgnthe analysis of uraniqm
nlneraﬂg with the_etectron nicroprobe, certain prodlems need
to be cohsldéred: ﬁ |

| A.r location of grains for analysis
Be ins trumen tation
 Cw stubllltj 6f the minerals beneath the electron

beam
Py

D.‘_selectlon of sujitable X-ray emission lines

E. ‘correctlons for matrix effects

F. presence of water.and hyd}oxylh}ons

Ge cholice of standards

He operating condi tions

49
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, _ ‘
Uranium and thorium mineradls usually yake up only

a small preportlon of a rock, occurrlnguae searsely
disseminated zrains in a matrix of other glnerals. To obtain

. polished thin sections containing these teace minerals,
areas of high ra&ioactivlty vere seleeted by means of
autoradiography. Autoradiographs. were acqulired by press;ng
slices of rock $or 12 to 24 hours agalnef e‘strip ot Ilford
indﬁstrlal G X;ray diftraction film; Autoradlogruphe ot'the

.\\pollshed.thln sections were also acquired firat by the

'iechnlque outlined above and when it became available, by '

radioluxography (Dooley, 1976){ The latter requires shorter

efposure (about 15 minutes for uraninite)e. The polished thin

sections were then studied under reflepted and transmitted
light, and physlcelly suitable radioactlve‘gr ins were
selected for analyals. It shoutd be noted atvtransmitted
light observations usually exaggerate th slze of
radloaptive greins, the reason belng th t they are commenly
/ ‘
surrounded by a zone of radia#ion damage which may be opaque
like the\\\dloactlve gralns themselvese. Photographs of
selected gralns were taken in reflected light (x40) and used

as mnpe durlng the analyses to avoid time consumlng searches

in relocating grainse. ) A



51

2 "ThQ\ifstrument used is an Applied Research ;-

T

) electron microprobe with three

\\\Laboratoried/(A§E>
~ ,

-wavetnqsfh dispersive spectry ters.(WDS), and an Or tec

(6200) enéfﬁy‘qlsﬁerslve spectrometer (EDS). One WDS with a

\ . A ,’N .

‘ RbAP crystal was'dsbd\tor light elements. The other two were
used for heavier elements with EDDTy, LIF and ADP crystals.

Results were at various tlmea‘ﬁcqulred on puniched

\

cards, cassette tapes or via typewriter print-outs. )
Even though both wavelength dispersive and energy

dlspers;ve_speétrometers were available, the Latter was not .

us ed for.quantitatlve analysis because it has poor

/j"‘

resolution relative to the t{rst (about two orders of

magnitude difference); Problems of overlap and intérferenqe
) R ’ . o ¥
would be more important vhen/uslng EDS; for example, L-llpeﬁv
N R .
"of the various rare—earth elements would overlap one -’

[

another.

N

gatal -

. Many of the uranium minerals are-hydrous.éb?@
' A _ S T
o AR
(Ambartsuaian, 1957) on some hexavalent uranium minersils L

N a8 Ve
14 '
%

200°C. Thus, it can be anticipated that such mine rals

indicate a first endothermic peak in the range of



»

O,

3

RN
[

be easily degraded in the vacuum chamber by the eélectron
benm‘ Degrndut;op ot-the specimen I mnnifested by‘a slight
increase in X-ray intensity for maJo? elements as \the water
is driven offe This change. \ufntgnslty is usually i of the

order of 5% and followse the pattor&\}l/uafrated Sy

‘\/;

uranophane specimen in figure 1- Darkening of the a\alysed

areas is also visible for n&%tnof the hexavalent urahium

. l ‘I
minerals analyséd.>Degradatlon;eftecte are minimized \by -
keepindkthe power in the beam As lpw a8 possible whil

retainiqg sufficent intensity #or analysis; by‘sweeplnl the

beam 6ver_a small area of the @ample during analysis; b

)
Y

defocussing the beam to about & diameter of 20 microns;| and
\4 -~ : K
whenever possible, by moving the sample contlnuouslx\du ing

analysis. » k S
[ )

Lead is commonly'present in older uranium and

- \ A\
thorium minerals as a result of radiocactive decay process \
- . Y ) 1 AN
# C B \ .
\
A\,

. . ’ . &
This lead is 'out of place®! in the ?fﬁérals, is weakly

<

':Hq&bdndéd,,and can be readily mobilized under the electron : jk\
A ‘ ‘ \

’

‘beame For example, lead in a uraninite sample was driven

o

away from the area of beam impact when attempting to analyse

:for uranium using an operating voltage of 20 kV and 25 kV;

probe current of 10-6A; beam diameter of 10-20 microns. The

effect was not observed when proceeding as outlined above

-

for the hydrous minerals. °

=

\\
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Figure 1 variation with time of uranium count rate of a
/3 -uranophane specinen under a focussed electx:on be&ax{x.
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lines may be used naneiy: L= ad&“lfllnes: s a general rule,

~

the line of highest intensity is:chosen. The L-lines of

uiénium and thorium have too high ;n energy to be diffracted
. . . - ! :

’by the commonly available analyslné crystals as first order
fadiatloﬁ. Alsoy, they require a high opergtlné voltage (a{
1eas§ 25 kV) combined with & prdb; current otﬁut“leasi‘

A : ) » L . o
IOQiK} lncomﬁgflble'with the analysis of ﬁlnerals which
dégrade easily beneath)thg beame. Thése problemé areiavoideq

'by_using M;ltnes. which fegqlre'a lower vdltage to exc}te
them,. can bgvneasured as f;rst order rudiatlons, and givé

sgtlsfpctofy lntensltlés at sultﬁblg probe current.

Di ssadvantages f?o- M-lines arise, however, from

o

“intérference between uranium and thqudm lines and between

uranium and potassium lines as illustrated in figure 2.

Interference between branium and thorium is mlnlnlze§ by

using Th-Ma and U~-NgB; a correction factor to subtract the

\

minor thorium contribution from the uranium Mf peak has been
'estab}lshed.jFor the Instrument and crystals used, feg@ey

EDDT ‘for uranium and ADP for thorium, the contribution of
, :

thorium to uranjum Mg is egual to 1.62% of the 1htensity of

the thorium Mx mqasufed at the peak centre. When botasslum
is present (as in cdrnoflte)'grua sy
” - " o vg Y i ¢ )
When using wavelength dlsperqgve spectrometers,
2 . A 1 ] . .

. : S a0 L
nother reasgn”“for prefering Ur-M§g 1g tﬁp’kreater et!lcien;y

3
"’ ’ 1 - . {»h - 2 & [
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' 0 M (A=3679A)
My-Ng (A =3.011A) Mg-Og 5 (A =3.1314)
- - s : . '}
U ‘ ’ Koy 2 (A =3.7124)
E .f/‘“ i) *
3 . - !
e ‘ )
n
2" - ™
= - |
2
- EDDT (020)
Analysing Crystal
/
SPECTROMETER SETTING
- ,
i . L i I 1 - 1 A : 1 1 1 A
1.0 12/ 1.3 1.4 s 18 17 18 19 20",

- Figure 2. Partial spectra for uranium, thorium, and. pé;assium at 15 kV.
Recorded by wavel ngth * spectrometry

4
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of the Ar-rilled detector for the u—up radlation. In the

~
sealed proportlonal coun ter used, the crltlcal excitatlon
‘energy for Ar-K ls Juat exceeded by the energy of U~Mg line,

whereas the U~-Ma Iine lies on the low energy side of the Ar- "~

K edge. Hence U-Mﬂ is nuch more strongly absorbed than the

— Urua .by argone. This teature is well 111ustrated in figure 2L

) \ B
- \wnege the wl@th of U-Npg peak clenrly indicates its grqpﬂpr
. ' o

recorded lnmm ty.
Background reading posltions ware usuqlly t;ken

0.005 X! away from the peak position. These settings were

.
N

.altered whenever they cornesponded to other lines present in
the spectras L

2.

Quantitative-nlcroprobé analysis requires
correction of the analytical data tof‘matrlx‘ettect.‘Theeéo

ks
b

:cotrections take into account the effecfs of absorption (A)'

- matomic number (Z) and of tluorescence (F) by characterlstlc
;! " [ ¢
and contlnuun radiatlons. At the present time, applicatlon‘

s

of the corrections to comnonly anaé&seu minerals usuully

results in about one order o! naznitude reductlon of the

N

P4

.4

- - a - ———

! This is measured on a LiF geared specqrok%ter cnlibratedn
in wavelength of the radiatlon which 1is dlffracted.

" R A ~

.
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a4)

error which would otherwise remains Particularly in the
determination of compounds of high average atom;c nﬁmber,

the corrections may be shbstantlalo They are commonly

applied as:

1- Alpha‘factoré, or as

. 2= comprehéné;ve"ZAF' corrections.

1- ALPHA FACTORssy-
. Yoy ry
A%

e
v

¢ , -
These are determined either theoretically through

compréhénBIVe SZAR? caldnlations for hypothetical compounds
or experimentally by comparing the intensities ot slmple-

icompoupdsm ldeally comparlng a metal with its oxide (Bence
. R

ahdvAlbeepf1968; Albee and Ray, 1970). . , g

s

-

‘

v
2, \ ey

2- COMPREHENSIVE *ZAF' CORRECTIONS

»Thése,aré cqrrledvout.through iterative

nppllcatibné df a set of qquatlons, some theqretlcal, some’

emplrlca. Conslderubke uncartalnties surround the u-llne

‘marameters used in these corrections, ln partlcular the me ss
. t
~gb§brptlon coettlclents and the tluorescence ylelds.

The comprehenalve 'ZAF'.correctlons vqre pretorfod

to the nlpha-factors because the latter ‘could not be
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A\

obtained experimentally since sujitable standards were

lackings Neither could they be determined theoretically, as

"

the accuracy of the 'ZAF'»corrections first needed to be

 verified.

N .

2

 Very few computer programmes are capable of

abplylng the full matrix corrections when M-emission lines

? .

are involved. COR-Z‘(HSnoc'gi aley 1973) and FEPAC

(Springer, 1976a) will perforﬁ such calculations. COR-2 was

used when tqis‘workaas injitiated, because it was the only

one aVailable, but later, results obtained through both

. - 7 v .
programmes were compa;Xaatbr some of the analyses.

o

Corrections abplled by both programmes have been

sumngrlzed bi Springer (1976a) fbr‘FEPAC, and by Heinrich,

(1973) for COR-2{/In'br1et.vthe followlng.aré used:

.. \ 3 N ‘ 3

1-

»

backscatter factor

FEPAC: polynomlul.exPreéaion after Duncumb (1973; privaté

4

communication, in Heinrich (1973))

COR-2: polynomial expression from Duncumb (1973; private

»é;;iunicﬁtlén. in Heinrich (1973))

‘penetration function with ﬁgggé

mean 1on1iatibn;poteqtlal' v“
FEPAG: after Berﬁet_and Seltzer (1964)
COR-2: after Berger and Seltzer (1964) ‘ 4.‘§§i§

stopping power ‘ » ’

~

L

FpPAC:,abﬁreviated (Poole and Thomas, 1962) form of the
vglhe. e electron
2 . b

n

energy.
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_ & :
COR-2: after Bethe et al. (1938) o '

FEﬁAq: attquHeinrich and. Yakowi tz (1975)

COR-2: efter Philibert (1963)

‘abgsorption coetficlents

FEPAC: after. Helnrlch ,€1966), computed frdh poiynomigls

according to Springer and Nolan (1976) l,ﬁ g
COR-2: after Helnplch/(1966) .
3- emlséion and crlticay §psorpt1oq,enefgles \
éEPAC: céhpﬁkedbtrqm polynqmlals’dfter'Sp;Lngep and Notan
(1976) |
YCOR:2: af;er.Beardeév(1967)‘ o - bl 1 i
.Qga;ne&gxlsxin.t;unc?anznsgi . T . ;V
1- -method L | | ,
FEPAC: after Reed (1865) | .  s _' f.‘ f
COR~2§ modlfle& vérslop of Reed (1965)'.10 ;
fzgkgfuoreecence vields | | |
RN ‘ P
FEPAC: after Colby as deécﬁibe& by Sprlnge# (1976b3_
Cég—é: h;;sﬁréq valueg (grﬁp#bly after Flj&“ﬁiﬁg}._ﬁ" » o L
\(1966)).’ LI L ERETA S
3~.absortlon eftﬁclency 1 ; | . \\ |
' FE%A?. after Colby asﬁﬂegzribed bylsg;lnger (1976b) -
:,‘-COR-'2“: a:ttor Phlliber:t,ﬂ\1963) ’ a W
2o b ‘ e REE g
g j ?ﬂgiﬂﬂ“g-vxﬁ§ s i
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FEPAC: as described by Springer (1976b)

A

COR-2: after Henpc (1968) S

. R “\ ; \ )
FEPAC: reJPteratlon accordlng to the, Wegstein method

described by Springer (1976¢)

~COR—2: mod;tled version of Criss and\Blrks (1966).

-

Dlecrepancles in fhé-relults calculated by these

'

_two'progrgmmeé vlyl ariae"not‘only from the difference in

“the basic equaflons used for the ZAF cbrrectlons,‘but alsgo,

from the procedures of applicatlon of these correctlons and
from the use of different sets of pnrametera.
Modificationsg were made to adabt COR-2, which was

written for a UNIVAC system; first to the IBM 360/67, and

o

then to the AﬁDAHL computer nbv in use at the‘Unlverslty of
.Algerta.

More slgnltlcant nodltlcationé,vdlscussed béléw,
dealt with the permanent data files The data flle used is

Y

Ilsted in appendix | P

Elun:nanznns_xxglﬂa_nnﬁ_Qnaian_xznnis_gagi;xnxanxa
Fluorescence ylelds and Coster~Kron13 coefficlents

. L
were: upduted uslng the- lbést values' suggested by Bambynek

“ g; 3L. (}972). Where tﬁese parameters vere T%t available, a
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value was determined by interpolatlon from nelghbouring
elenenta. Both tluorescence ylelds and Coater-xronlg

’

coefficients are used to determine primary 1ntenaltlea and

o
o

to correct rOr‘fluOrescence by characteristic and coﬁtlnuum

"~ radiations (Coster-Kr3n1¢‘coetticlentebaee,llmltedJto

L-lines).

Mass absorbtlon coefficients are used in the

'Correctlons for both absorption and fluorescence ettects.

~COR-2 utlllzed the mass ubeorptlon coefficients deflned by

A

‘Helntlch (1966). The mass absorption coefficient for a

pafficulagkele-ent incredses smoothly'with ihcreaalng
vavelen;;h excebt at ahéorptlon edées where it drops
sharply. On the low energy side quigeorption edges the mess
absorption cbettlclent is calculateq_qs a function of tﬁe
mass'abeorbtion coefficient on the hlgh,énerzi‘eid? by using
the 'absorptlon Jump raflo' Mass absorptlon coet iclents. |
and jump ratios are known. fer wuvelengths shor ter’ than Ny
edges.’For vafelengths'longer than M; edges, data aﬁe

Scarce, and experlnental and calculated values ¢o_not’agree

with each other at all well, Hence, mass ahsorptlon

,cotticlents (and Jjump ratlos) in this region are onl@%rough

upproxlmatlons. No ‘data between M. and Ms edaes area

avallable nor are there any data covering the regiowjbetween
W .
and beyond N edges . These_uncertcinties and,onlgpions affect

o
e

the corrections for:

;
w%?@

[ERRET—
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- abéorptlon of sodium i—emisalon lines by ur;nlun and

‘3; thorium in the N reglon,
- 11uoresqence of sodium, magnesium, ‘aluminium,
‘ silicon, éhosphonug. aulfur ;n& cnldrlne K~
radlqtions by'§ran1u- and thorlum‘u—llﬁes.

, Eér oﬁr pqrpos§ we have QGtenmine4 empirical juamp
rathz at tﬁe Ms and Mg edges otwuranlum nnd'tﬁorlum.‘A
flfsf approﬁlmﬁtloq,of the jump ratios was obtained through
fhe analysis of a ﬁranluﬁ-élllcon alioy (U3Si)e. *ﬁalysés
wvere performed at op?fatlng vottages’of 15 kV and 20 kv.
Uranluﬁ‘and sil}con were analysed slmulf;neously against

Fyran;um oxide and sillconlﬁetal respecti#ely. The *ZAF?

corrections were applied to the data using a range of values
fof Me and Mg Jjump ratios.'TheASest value yasvassu-edfto be
thq o;e which yielded similar results for both vol tages.
bRebults are llgted in table 6. Figure 3 lllus*rates thé
variation of tgg cémpu{ed compositions with hypothetical
absobptlon Jump ratiog._The stoichlémetniq com#osition of
the ail?y’;s,.1n we1ght peréentaaes:.U:96.22i 51:3.78.‘0ur-
’;esﬁité for operatlngivoltﬁges of 15 and 20 kV are in
néreement as U:95.0£; S}:S.SO (weight percentages) using
absorption Jjump ratlﬁs of 1550. - 5 /
'Rgsslblq causes for the discrepancy between

experimental and stoichiometric composi tions are:
. .

NN
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Figure 3. Variation of the apparent silicon concentration in U3Si
with jump ratio ('R').
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Taple 6. Composi tion of U3Si in weight percentages. Results
frdm electron microprobe analysis at 15 kV and 20 kV are
given for various hypothetical U-M, and .U-Ns absorption jump
ratios. . :

R kV % U % si
© 1400 15 95.23 3.86
1400 20 95.31 3.95
1450 15 94.81 3.73
1450 20 95.29 . 3.78
1500 . 15 94.80 3.61
1500 20 - 95.26 3.63
1550 15 94.78 . 2251
1350 . 20 05.24 2.49
) 1600s 15 9477 3.42
s T 1600 20 - 95.22 3.37
\ 1650 15 94.76 3.33
1650 20 95.20 3.26
1700 ° 15 84.76 3.25
1700 .20 95.19 . 316
stoichiometric composition 96.22 = 3.78

- = - e e e s e g P o e e 0 o e e B
by 3

i

1- The presence of U;SIzﬂln the analysed“ér excited
volume; the two phases U3Si and U3Si, coexigt in our
sample, with an average grain size of 10 mlérons.

2~ >0x1dat1$n 6f,the alloy: no lﬁformqti;ﬁ céncerning
-the oxidatlon of U3Si lg'ﬁir‘ﬁt room tempera ture
pould’be foun&, buf this alloy-is known tobéevelpb ;

‘uranium oxide céatlng (U30g) when heated at.350°C in

ﬁlr (Feraday, i971).}0x;datlon could have occufredg

. during pollshlng‘or sﬁbsequent handylng.

3- Indccﬁéate corrections: it is not, at~th13"stage,
posslbie to Judge the‘valldltj o;tthe corrections )
applied. o T - d%f ; l |

- Our standards, uranium oxide and sill¢on metal are stable
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under the analytical conditions employed and do not alter F;» %

between or during manipulations. Their composltions ha ve!

peen well determined. Hence they are unlikely sources of Hy .
error, S . : . ~ ) . N AN

The validity of our empirical factors was further
checked through analysls'oi uranium glasses of known’
composi tion (tgbles 8,'and 9). Similar factors were used for

t?orlgm; théy were tested through'@nalysls of thorium
gf; (;ables‘S, and 9);'Results.10r thqse glasses~are‘
élgii::::\ln a foltpvlgg‘chapter.‘Suftlces 1t to say at this
Juncture that agreement petween.theoretléui and éxperlmental
composltlons ‘18 satlaf;ctOry. It should be kept in mlndl
though thut K. and Ms absorptlon Jump ratios of 1550 for .
uranium and thorlum‘may not be of~any absolute slgn}flcqnce;
they are siuply empirical factﬁrs v;lld 16; mlcroprobe
analysls with an operating voltage of 15 kV to 20 kVe

We had no means ot deflnlng un emplricul
absbrption Jump;;atlo !or uranlum at the“N; que, aithough
this would be requlred tor\the analysls of aodlum- sSuch
factors, however, would be determlnable throughvthe analysis

of uranium and sodlum-bearing compounds of known - oo

composl tion, o ‘ _ - :
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Water and -OH cannot be determined directly by the

electron microprobe, but thelr presence atreqta the 'ZAF! —

)

corrections. Thel r. presence 1s reflected in the_/y age

o ' PR

atomic nunber (Z) of mlnerala and consequently in the
fraction of electrons backscattered durlng analysis.

Estimation of the average atomic number as a function of 7/

backscattered electrons was envisaged. Two types of function

‘are possible:

ﬁ\‘v:'; LY
1- ‘the first relates the amount of pbackscattered
s . . ‘ . N
electrons of & finite energy and constant angle to
o : . N o~ A i

Z; -

T a2- the gecond, relates the total amount of

o

backscattered electrons to 2.
. oo\
We were not equiﬁped to effect the measurements
. )9 . '41 ’\ " -

2_~  required by tne tirst type pf calibration, but values for

" the second tYPe can be acquired by measurlng thehaample

B s . s ¢

fcurrent,toﬂprobe,cunnent rat;o (SC.PC; lege

&

1 - backdgdttered electrons). A callﬁratlon curve .was thus

v o

. establiahed by plottlng atomic number for pure elements

T’m\f } agalnst the sample current to probe current ratiog (fige. 4).

°

This relationshlp;tas tested for sinple compounds.

The average atomic numper of compounds can be

,calculated 1n a number of ways (Buchner,1973). :

N L,
G

Z = sum of: CweZ (1) : .



B

Pt -

| nmblo qqmrﬁ { orobe cutrent

\ 67

qpetating Bvqltage: 15 kv
" prébe current: 10 nA

I

ot . |
h:; _ . i. A A - / L B 0 . 3 ¢ g - l'-w_\\‘l -
0 0 . 20 -+ I 40 - 60 ~ 10 80 - 90"
g o ~ - glomic mum ber __——-—-——-—?; ’

Figure 4. Relatidaship beQWeeﬁ the atomic number of pure elements and .
their sample current/probe current ratio. e

e

x ‘oquo’fiof\'l @h v, -
‘s equation 2 (Z2)
« equation 3\ (Z3)

.

<

Q.

oo s o
operating voltage: 15 kv -
j-probe current: 10 nA

Q

1 X R A | .
W .
P

o6 S ' ‘ | .
1 . .. ‘ L r/}
. . 2 . 5. i B 'y B » 3 T o
‘o0 1/ 20> .3 a0 . % 60 . M 80 90
' ' ’ ’ "gveroge ofomic number —>

Figure 5.;,.-'_Réla.tldn9hip between the dverage atomic f'x(imbe:‘r‘ of compounds

" and ,their sample qirten’.cdp'robe: currgnt ratio. The average atomic numbers

ﬁeteﬁ;’c‘alcu_lated using equations. 1, 2, and 3 (seé text). The gurve is
that of figure 4. - e T R e

G
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-where

:calculated'on the bdsls of,weight propon i

halfxor the" callbrntlon curve where the qlope ‘is lov Lon,*

varlntlonc in SC: PC ratios- vary omlw nllghtly ‘with: 2. Eaﬁbc.

B e L e e g T

68

= sum ofg'CaOZ'ff‘ €2) ‘ T
sum of: CaeZ? : - €3)

NN N
]

= average atomic nupbdr”ot a compound;
,Z.= atomic number of each element involved;"

Cv‘ﬁ welight proportion of the constituents;
Ca ='stomIC'pr9portion of the cdna%dtuenté.
i . 3}\ ‘ ) . Aa:l-
Vhen‘i ls calculated on the basis of a
¥ R »

proportions (equ&tlon 2 and 3), the presenée‘o

[
P .
elements has a notlceahle ef fect, while when

s' (equation 1)

the etiect ot light ele-ents beco-es minor. Bﬁchnev (1973)

v RIS

wa s 5uccesstul in uging equatlon (3) to estlmute the ﬁgerage

. atomic number of binary alloys and hence, ‘i'n dqduclng the

‘?J

T o RN .
pvdportlonp ot tqur coastltuqnts. S wl : "
o AT T e e - ¥ N

To determiné whlc§ qf the three equations applies

K 1 . , e .

to our calibration curve &he SC:PC was~meas§b¢d for a ﬁumbgr
of sliple"éoupounds and their'expertmentdl A vaiue'deduoed

Iron the callbrntlon curve {fige 5): These' experimental 2

-

values ngree best vith their theoretical homologues obtained

from equatlon 1. L.g., vhen 'elght proportiogs are used

(tgble 7)e Thus the presence ot water and hydroxyl ions

S

modifies Z only sllghtly and its eftect on the 'Z':
5 ‘ - "

correctlona wlll not be criticala- ',f _‘ LR c L 5 g

n, 8

. Por nost-ununlum mlnefals.fZ p1ots‘1n thelséqﬁﬁd

o

I P = S -

S




Table 7.

wa obtained experimentally
were calculatod respectlvély trom the equatlone 1
(see text)s :

troq tigure 53 23, 22
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Average atonlc numher tor some slmple conpounda- 20

and Z;
s 2 and 3

o
)

“X: compound

Sio»

Al 203 . ”}\‘s({‘"" :
'Al1S10s ﬁ;
.FOSZ
CuFeSz

CoS

ZnS

NiS .
Nise.e"Fea3.7?
ng

Fe203

'ﬁeAsS Clm ,
‘Nigs.3~-Feqo0.6

"Nis_1-Fegs.9
Nisz,s"Fesz.2
szS3

PbS (synthetlc)

‘ Bbs (galena) -

- ———

o
“th,
/

U02,1
U3Si

S eurve cunﬁdt be

Z: Z2 Z3
10.8 10.0 10.4
10,6 1¢0-0 10.2
10.7 "10.0 10.3
20.6 . 19.3 19.9
23.8 " 22.0 22.8
22.8 21.1 21.8
25.4 24.0 25.0
23.4 21.6 22.4
27.1 27.1 27.1
22.2 20.8 21.4
2006 : ‘15.3 17.6
27.3" - 2540 26.0
27.8 27.8 27.8 .
26.1 26.1 26.1
27.2 27.2 27.2
41.1 ) 2%.0 * B4.6
73.2 "49.0 59.1
7342 & 49.0 59.1
81.6 | 3s5.1 5247
89.0 ' 7245 - 80.0 4,

used to estlnate the anount of wate¥

nd hydroxyl 1on present. Th

difference trom the correcte

1s amount must be cal
. < 4
d data atter oxygen h

' addedviﬂ_sfoichigmetrlq proportlopaq "

r:,s‘-:';& *

Qulated by

as been



\

* discussed in the foy}évlng chaptere.

" belowe A more coqplete 0

B ‘ . ‘ : R wh
5. ’ . AS \
- . . Sy
‘ o ) o %
. " Ideally, pure honogePeoua stable uranium and

thorium minerals or compounds are deslrible. hoveVei, such

are not available. Acquisition and syrithesls of standards is~

line of sugcestgpds for the’
. &y N o s - ’
analysis ot’uraﬁ%un' thorium,

. . e
& . N :

ahd commonly assoéiated

conductlvity. Constltuents of the selected grains wvere

identitied uslng the energy disperslve spectroneter.*

"In brlet. the following operatlng condltions were

’

emp}oyéd tor quantltatlve analysls-

- Openatlng voltage : 15 kV.

v Aperture curréng H 1616‘9 A

- ‘Beam diameter s lnfO'ZO'mlcrons
;ﬁﬁﬁ“' Disperslng cryetal for uranlum ua'and KB llnes.
. .N'BDDT

e 9
P .

Dlépgrsing cryatat'for‘thorluh Ma line : ADR -
- Counting period (per point, or area) : 50

P



!
?"")"‘, o~
- . e

.

. 8econds, integrated aperthre current monitored

‘continuouslye.

'

\\\\;4 The cholce ot crystals was ﬂominated by the crystals

available. ' ‘ B o : ,NVJ/' o ST

Readings were acquired in the followving sequence: o e

upper backgréynd on scﬂblea nnd‘theh oﬁf
‘ ntandards. ‘five counting p'ods (totalllng 250

sec)

- &pegk on sq-ples and then on standards. ten

El

. '   V_cdhqxlng yé@lods (totalllng 500 sec) : . ﬁg.‘ !
- ﬁlower backurq#ﬁ# on standards and then on . . &
. L s »wﬁ_ ;
L samples- tlve counting perloﬁx (totalling 250
. . A . éi/> ‘ {,j, . 4. a! . s K [N
: ‘ sec ). ‘ ) I P 3‘“ '
, T e L
. R Corrections 1or rluctuation of the probe curront
. {dy ‘

were apptieq/i.g., PC AC ratlos were measured every hour or

v

so.gnd‘all,rlsults vere nornnllsed to h constant probe

‘current, \ S B
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‘CﬁAPTER v

<X
o S5

"

&
STANDARDS

o
L]
M

v K

"-AH#NEM,LHIES.“Z T e

iy | . A .

v

aenium, thorluh.aﬁ#

Standard materials éonta}nlng"h
. e R

L T

other commonly associated elements are ,éhlred for two AT ‘7’ ,
purposes: ,> ’ E i ‘ a .
- , - o

.1 = as analytical standards; - -

2 ;%rﬁwpéthéﬁce materials to test th

\}"‘

5 _coettlclents for. uranlun M and N lines)s

crlterla. ;,-  .'\:;L

1-

<

'houogenelty. the electron microdkobe results -uaf\be'i

f'nepro-entatlvo of tho speclmen'a conpdsltion as:

analyfical B

w8 o
P .
, Bl .

approach and to define éome parameters involved in’

the corréctlén tactora ( such as the'absoiptionl

=3
&

. ?‘&’) 3 . I3 . A
Stundard quterials ouzht ‘to meet the followlng

$o. s R U >

B L . e s
v - - ¢ . .- - :
R A L T o RO

- ~

It
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{
.-

""}1

Y

prevloualy detqrmlngd by lndopondent techniques.

“

C 2= accurntely kno'n conpoaltion.

M,
3= 'ctablllty under the olectron beam-

Ideally, atandardu and. spec imens ,should have slmilnrv

'composltlons- 'hon thls ls the case, correction tactors for.

hoth standards agd specimens are elmllar and hence. tend to o
L ] .

cancol out. thus mlnlnlzlna the ot!ect ot lnaccurately known
:tactopeo~1n this reﬂpocf, ubanium -lnerals are partlcularly

oxactlng as they shov a vide variety ot compositions and
< N N

-

averaze atomlc numbers,. Thorlum -lnera 4 Ure less demandlng.

R

Th?ﬁi;range of conposltlon is -ore }lnggpd and ali have high
ot .
qvéngge atomic numbers- Y )

Flvé categories of materlal were considereds:
S : : T » . v

 1¥ pure metale Lo .
2« slmple co-pounds such as oxldes
?‘. - - : . .
- 3= alloys . ' , o ' S
o o S . P ¥
4- glasses _\“" s - ‘ -
AR §- minerals., : ce ce 1f£g-ﬁ
K . oL .. . . > . : . ;,)W‘ B

Their properties and ava!lablllty are d;scuésea nexte

sE B

} oo Uranium and thorium -etata comply wlth the

.

- criteria atorencntioned critnrla but they oxidize rapidly 1n
'air at room tenperature (Elston, 1960, Flahaut 1963). It was
AT noted that they dovolop an oxide coating withln a week when
9‘ .:‘.,;’I ;~; t:'f . - ‘\,J ,"' g
T, kept ln &,vacuum dosslcator..Becuuse 1t 18 tedious and

'undcslrablo to rnpollah atandurds betore use,juganlu-’anﬁ‘”.

LR
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~Allove

Ny P N

thorium metals do not constitute good, practlcdi stand fds.

8

mnlummmﬁﬂ

e Lo o Peng e 8 g, ORAPRYY W F R SR R

/

Uranlu- and thorium dloxlde and 1eud sul ldo heet

the atore-entioned crlterl

Cw

"have hlnh averhge atomlc n

,\yr‘,

‘f“tetravalent uranlum mlﬂora

}4ox1d§§ wqpe n%¢$ avallable

i bR

by D!‘ K.c.NOl‘PlSh (CoS-IoR-

!
qlready avallable ln the U

.lubqrdfory, was used as a

¥

—

Many alloys ‘woul

'

,beam but their compoaltlon

purpose. Alloy specinens a
phases, each havlngwthe.sa

proportlons. Theae phases

9

»velt polished carbon coate

thorium alloya, 1ike uranl

averaaeyatomlc number. Hen
5
tandards for the analysls

thoriunlte. vhich elso have hlah average atonic number.\

'Bowever. standards ot Ttowe

better tor analysls ot hex

a und can easlly be. obt lned. They
unﬂprs slnilar to ehc lun and

ls. Sintored urunlum and thoriumi

-

respectlvely by th& A,E.C-L. and

Oy Adelaide. Apsfrqlf#). Galena,

nlverslty of Alberta hal

lgad sultlde etandard.7

* , “ ';v;,

d he etahle under the evectron

1s dittlcult to establl;h for our
re. otten made of fine-gr 1ned
me conutltuents:but in di fq?ent
‘may be difficult to dlstl guish on
d suvtaces.-uost urunlum and ,;2///
um and thorlum oxidea, have P

cey they vou;g conatltute good

of nlnerals auch?aaauranlni e and

PR

r. average atomic number vould

avalent uranlgn mlnerals.
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A review of the llteréture pn uranium= dhd

thorium=bearing glasses yieldqd'littio lntorn tldh~éolcvant~

ito -our purposes, since most glasses describ@d cantained less_‘

than 1 wt% of the dlemonta concerned. Hovevor, 1nd1catlona

that glanq“

ﬂontalnhng as much a- 50 vt% uranluu oxlde can

be produced_%‘ﬁg ¢£Ven by Chnkrabarty (1969). Ecynoa and

Rawson (1961§ erku- and Wi lder (1960b, 1961, 1962) and bﬂ’

e

géydersﬁi glow(3g6 )- At 11rst, alasses seemed to promise an

- " ' elegant sounct ‘Zor: standards as thelr co-posltion could be

?

.,pre-establlk,sgrat will, Honogenelty ‘and stablllty under the

QI;ZI;SB\hg:?ﬁYhovever, appeared unpredictable.

s Six glaases were klndly provided by J.A.T. Smellie

r . 5

(Inatltute ot Geologlcal Sciences. Grays~lnn Road, London)

but two of them proved to be 1nhbnogeneous. Conpositlons for

tho ;bahlnlng fou& (A.B,D E) are given ln table 8.vThe
I gﬁuthor syntheslzed tour satlstactory glasses 11, 12,18 15)

and thelr composltions are alven ln table 9. Their

¥

preparatlon ls dlscuaeed turther in the aecond part of the

wy S

presént chaptec. Glaases,contglnlng rare-éarths were also
 available in the -lcroprobe'1§borato:y'(nrake and Weill,

L,

1972 ).
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. . ‘,
Table 8. Theoretical. conpocltlon of glasses AyByD and B in
weight percentages (Smellie gt ale, 1978 ). i

— - - - —*—— - - - - -

glass : A } B D . E
S10; . 41.95 40. 08 42,01 39.91
Al203° ., 3. 04 . 30.08 31.00 29.96
CaO h 26.08‘f 25.05 : 25.98 24.97
™S 7 < - . 1.01 Se 17’
U30q ‘0eB2 ; 4.78. . - '

Total _ ‘99-99 99.89 .+ 100.00 lOQ 01

s

Table’ De Theoretical conpoaltlon ot\gLésBes»11,12,13 and 15
in welight percentaaes. B ,

glase o1 Y 120 - 13 15
Mgo . ' 7.44 . T.41 7.40 . 4.60
Al203 29.82 s 29.63 29.55 28,52
si02 . 37.12 . 1 37.03 37.07 35.62
Cao’ C 7.47 . T.42 ' Te42 ;b 11
. Va20s R ) ’ - - - 2415
TiO2 - - - : 7419
ZrO2 Co=- 2.46 ‘ - L=
ThO2 - 8.02 18.54 -
U0, S 18417 ' 8.03 - 17.82
‘Total - - 100.00 100.00 . 99.98 100,01

The stublllty ot urunium and thorium ilnérals

under the electron beam ihs dlacussed ln a previous chapter.

K
Compositlons of thorium and tetravalent uranlum minerals are

difticult to ascertain,on the nlcron scale because these

minerals are often zoned (e.g. allanlte). or crossed by ° -

syneresls cracks (e-g. uraninlte)o Moreover. thgy are otten

characterlzed by complex ¢hemistry. Computer peduction of

-



_1dent¥tléatlon wee often found to be in error

1

g . . O
microprobe data from such minerals is thus . long and costUy.

For these reasons they shduld not be used as standards in
the analysis of simple combodnds (suqh‘as hany hqxavalent
uranium minerals),

AAlthouzn'nanrale do not hppear;to be suitable for °
analytical standairds, some votl characterized minerals would
| .
be ideal materials to test the validity of our analytical "

approach. Two such samples, ndnely euxenite and davidite

¥ -

were klngyy provldod by Sgﬁllle (tables 19 and. 21).

'Other speci-ens were avallable in the collectlons
.

4

‘0of the Unlverslfy of Alberta Mineral Museum, although thelr

ot

“

'examlnediélth the microprobe. Physically suitab cimens .

were selected and thei'r iéentlticatiﬁﬁs vefe checked by X-.

v

ray powder diffraction and by qualitative electron ' Yo

N

microprobe analysis. Finally their compositions v@pe assumed

. ~ )
to be stoichkometrlc. Identlfled specifhens used in testing

s £

the analytlcal approach are: carnotite| sabugalite,

~soddylte, netg-autunlte,,uranothorlqnlte,»thonogummlte'and

A+uranophane. For other elements, a collection of well
‘ \ ) ‘

characterized standards of common rock'tornlng'iineraIS'vﬁs

also available in the microprobe laboratory of the

“ i . pos . . . & . . ' ) R 4
Department ot Gedlogy. In general, these are uranium- and -
thorium—free. &

) o .
. . }
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‘f
- « ) 2. STANDARD MATERIALS
o ) o Materials finally| selected as analytical standards
& are summarized in table 10.! . ;
1‘ . - //
‘ o
. /
fa Table 10, List of elements analysed and correspondfni
e stgndards- Less frequently used standards are in
i parenthesis., : ’
- PO - . - - g o e ——— -
&; Element ' S tandard
%: U . U02,.1y (glass-11)
& Th . ThO2y (glass-13)
b Pb : PbS, (Pb metal)
%- REE - _ glasses o . _ ’
i MgyAl,Si,Ca common minerals, (glasses 11,13)
x PyCa - - -+ CazP207, spatite
i elements with T L
Q . Z = 10 to 56 common minerals
4 . f/,,i/i‘:!’ .
—
| / |
@
o w . v

- ) . i .
The synthesis. of glasses containing kranluh{
! 4
. 2 - . - ) ® Y
thoriumy and other commonly associated element&,was
%) . . v . ’ R ° : )
envisaged with hopes of obtaining standavﬂs with as much as

)

S0 wt% UO,, such as is present in many of the uranyl . e ey -
minerals. * S o . . O
r»;fh ‘ e ' ) i . “.d- B v \ . . ' . =
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1. PREVIOUS WORK

”

In the llte;atung uranium benrlng glasses has’
fstemmed mainly from three interests:

{~ the use of uranium as a colouring agent;

w

~1

. 2~ the .study of diffusl%n phénomenn;;
3- the fabricatlon of nuclear fuel materials. .
theraturelcdncernlna,the.tlrst‘tvo fields is
nbundant bat denls only with: glassea contalning small

— -

,anounts of uranium, rarely above 1 vt%. therature on the

tabricatlon of glasses as poselble nuclear tuel materlals isd‘

@

very scarce bﬁﬁrdeals with higher uranium contents (up to 60
] K .

. Ry . ) A
" 'H'i UOz Ye J . . . . . e

0

erkus and Wllder (1960&) have dlscussed the

"principlqs 1nvolved,1n tornlng zlasses containing uranlum.

o

_ From thelr work lt uppears that seven oxidea are llkely to

E]

acg as glass tofmprs. They are:f3203' Si029 Geoz, P20s,

14

Aszoa{'Aszos. and Sb203- Thoorefical~éonﬁideratlons,‘such as

neutron polsoning capacitles, permlt the - ellnlnation of

5203, Geoz. A3203, Aszos and Sb203 for nuclear—fuel ;, *

‘applications, leaving only ons and 3102. For pur purpose we

#
-haQe not investlgated phosphorua—bgsed qlgases because

d
phosphotus—rlch conpounds are Ilkely to deterlorate under

e ’

(jftﬁe zkﬂctron bean under nor-al %dnlytlcal condit ons"

& 4%¥é. .

",

édperzting voltaae H 15'kV, pfobe curfent 2 0ele 10f°'A)y

ﬂSystems known to form alllca based. uraniun-rlch glassee are

'

sﬁllated ln ¥ahfe 12. Virkue and 'llder (1960b) have studled-’”

s . iy —




Loy

N

, who

the limit of co‘ponltlon vlthln wﬁlch gla-- tornntiqn decurs

vy o 7
in combination vlth‘urhnlun oxlde, l}cn and varloun

intermaediate aa&pt- (althnugh ‘not glal--tormor-. the

~\1ntornod1ate aaehts can act as and/or replace purt of the-

glass-formers in glass.rra-evorks). The systems known to
< i )

form silica-bases glansoa'llgted in table 11 Wé;o submitted
fova.?axlmuﬁ toiperafure of £2§0'C. They”conclﬁdod that
".;. uranlué glnsseq‘c@nf;lnlng up to 45 wt% dbz. present as
.an 1nteéra1 bcrt of the dtructure'can be prepared. Forty

) , . :

percent or more silica is Eehulred ln”these glaaaes”tq
provide the'giassy Iraﬁewqu.'The‘re-alnders of the glngs

formula should consist of modifers such as NapO and CaO

and/or intermediates such as TiO2. Alunlna,is a suitable

[ 4

;intér-edlate aleo in the abaeﬁéq.ot Ti0z2". The studies of

. , N . : P
. ‘ . . e
Heynes and Rawson (1961) dealt with higher tempera;pfbs'
K ekl

i

(1800°C maximuu). Their results on the limits of composition

of ﬁl}lca based uranlu-vélaases are co-pqtlble“vlth'thage of

. Wirkus and Wilders (1960b). MNore recent work on the Si0,-

Na 20-UO systems as been':}nrled out by Chdkbibqrtx (1969)v
who synthesized glasses at temperatures ranéing from 850°C

to 12607C; high sodium content (10 to 45.5 wt% Naz0) leads

'lotheliing"zeﬁperdtuEeBQ"
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‘Table {1. Systems yieidlng homogeneous urpqlu-—slllca— g
glasses with their maximum uranium dioxlide contentrln'velght
pércentage and reference ;rrk.

’

. . s
—-——-—-”-“_-—————-—-—-—- -———— ——-——a—-———-—--,—--‘;-—-—-‘—‘

U0,-5S102-Naz0-TiO2 J ’ 45 ‘¥Wirkus and Wilder, 1960b.
UV0,-S102-A1,03-Ca0-TiO2 2 16 -+ . " I S
U0 2-Si02-Al203-Ca0-Na0-K20 6. 37fﬁ I h
U0z-Si02-Ca0-Ma20->Ti02 ag . . n '
U0,-S102-Al203-Ca0-NagO . a1 .o
U0,-S102-A1203-Na20 ra3e " :
002—5102—Cao-u02-2r02 31 - " L
U0,~-S102-Ca0-Na20-Y203 as - e ’
U0,-S102-Ca0—Ne20-Y203 38 o '
UOz’SlOz'N&zO"TlOz-PbO 3t » 03 "
U02-S102-A1,03-BeO ‘ 49 Heynes and Rawson, 1961
UOz"SiOz‘Aleg{'NﬂU 50 L N
002-31ozfA1203=Zroz ‘ 40 * L
U0,-Si02-A1203-ThO2 40 - | "
U0,-S10,-A1203-ThC2 . : 60 ‘ B L N
UO,-S1C2-Mg0-ThO2 ' 50 - w .
U0,-S102-Na20 ‘ 52 Chakrabarty, ;1969

2. CONSTRAINTS

In attempt fo syntheslze éiasses we had to take
the following pointg 16t6qaccounf:
- : . “
’ {1 - the preparat{on musat {?cl?de a glass—former in
sufficient umouﬂt# R .

2 -~ enough matfrial’hust beip:epareﬁ to check for theA
presence and extent‘bt possibté conposltl;nul
grad;ents:

3 - the availability ot héatlng equipment bearing in ,

mind the refractory pqppertlgs of uranl%m'an&

thorium oxides. e
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-qldsaes;

v

adjacent

toudd denlt vlth sllica- and phosphorus-based uranium

82

i . L

-

As ;revlously mentioned, the only data we have.

' ,/

N S -
Phosphorus was considered unsultable of electron

mlcroprobe stundards- The other poasible glaes—tormere T

nentloned by Wirkus and w11der (1960) vere dlscarded becuuee'

v

we preterred uslng already known systems. In’ additlon'

’x
N

aytimony and arsenic would have posed problems regardlng .

fﬁeirxiinal/oxidaxioﬁ'statg. Boron cannot be nnalys/é with

o

the equipment we  were to use qnqgtlnally,‘germanium 1s
€ ind q

relatifely expens{ve.

[
.

IS

These coald quse,thrOWgh contamination froﬁtthé

containers and'through evaporations. A composition gradient

in the sample can’eds&ly be detacte1 with the microprobe.

Slices of the sanples were made lnto pollshed sections. The

polished,

electron
and side

recording

,Qectionsﬁcontalned part of the crucible and

glass. Line scanning WAs carled out (with the

microprobe) ACTOSS the sedtlon ffom pottom to top
- T o
to slde of e glass sltse, whiLg/s%mul%aneously
o whit

e

the va ations 1n lntensitw for‘three elements.

Diffeéenceg/fg/composlilon between the 1nitlal and final

pnodgetffaﬁfonly be measureq/by Lndependent methods. Ten

e
”

o

N X 3 . .
gramme lLloads were consldered suftficient because they

X

provideq\ﬁﬂoggh material forxwét chemical analysig and also

becau

se in such a volume contamination by the con ainer

w
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siuffle furnaces. An induction furnace was occasionally

83

~

might affect only the border of the glass. Thlsy/of course,
. |

K

supposes that the silica-based glass is highly ,vi scoys and

does not mix ra;?dlyjln“the molten state.
. ) .

Heating equipment ‘ . o M
. . . ., LY

Ten gramme loacis can be heated quinductlon'or

‘ 3

l K}

available at the Departiéntbof.Physlcs. It was installed for

,

use in vqcuﬁm with a graphite crucible. For use in air, it

would have beeén necessary to install an iridium susceptor of

. ) ,
adequate sﬁape. This iéle have been costly and difficult to
" { ' . :

obtaine The muffle furnaces were equipped fof‘use in a

normal atmosphere only. The muffle furnaces were preferred

‘
/

to induction furnaces to avoid possible reduction of uranium

or other constituentse At first an N-Blue 'Rad-0-Glow!'

muffle furnace with a maximum temperature of 1460°C was
used. At later stage, a Deltech *DT-31' muffle furnace
S ‘ - . .

capable of reaching a temperature of 1700°C became

available. |
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. 3+ \QOMPOSITION : ) . ' : L

¢ . -

’

In our first attempts, we tried compositions
| studied by Wirkus and Wilder (1960b) but our~resu}t8 were
! unsatisfactory dueéto high contents‘of sodium, titanium, and

-zirconium oxides. odium-rich glasses (>8 wt% Na,0) were

" unstable under the ‘electron beamy, and titanium=—-and
- w\ziroonlum—rieh mixtures (>10 wt% TiO5, )10 wt% Zroz) reacted

\with both. ALUNDUMQ and recrystalllzed alumina crucibles in

i o

the molten state. 'hen a higher temperature furnace (17007C)

'became:avaglable, sodium-free and low-titanium and zirconium

AN

). . ] :
mixtures were prepared. Phase diagrams for sygtems combining

\
\

the\gla83 cons uents considered were studied. In
. . :

. temperatures of the mixtures

at tempti ‘to kee the mel
5 P ﬂ8- P —

-

. to a minjiMum, the constituents of this mixtures were

combined in proportions close to those of the eutetic ;

/////{izemposltlons of relevant systems. ' N

<

Becaure of the highktemperatﬁree-lnvolved and the
narrow fields of cqmpoéltlon—yleldlng glasses (Wirkus and
¥ilder, 1960b; Heynes and Rawson 1961), only four specimens

were thus obtained,
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.4e SOURCE MATERIALS AND PREP ARATION

, |
. A\ :
4

.

w

. : » | | .

S The,source materials afe: Si02, At03, CaCOj,
Na 2CO3, lgCOsv TlOzv ZrOzv VzOs' ThO, and UOzc Uo3 wad/:;::\\\\\\\

in mixture #1 (table 12)w All are reagent grade préducts:

G

-

their manufacturers are:
; Fisher ;cieqtiflc Coe Ltd for SlOZiVCuCoa, Na,COg3,
aﬁd MgCoO3; S
- Alfa Products qu Zr0zy and UO3;
- Analar Producté Ltd fg; A1203,‘and”V205;-
- Var-Lac-0il Chem. Ltd for ThOz, and UO,.
ihe coﬁstxtuents were treated alo&g ‘the, line suggested by
Edgar (1873) g?d kept in a vacuUm’désslcator prior to
mixing. . | ' ‘ ' 4’
© = 8102, Al203, TiOZ, ‘ZrO, were dried at 950°C for 12
gours. _ o it

= CaCO0O3 and MgCO3 were trans;ormed (into the oxides

o CaO and NgO respectively) by heatlngglh:z\i:\QSO’C
for 12 hours in air. A A

-

- V,0s and Na,CO3 were dried at 300'&_1n air.
= ThO2, UO2 and UO3 came in bottles packed under

nitrogen and required no treatment.
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.analysls. It was found that aluminium cod/;mlnatlon did not

Ten gramme' loads were/orepured by eighing ail the

f .
Py . « , ‘
constituents on a precision balance and dry mi & by hand

in an agate mortar tor-at le&st iO min. Then the mixtures

were. placed in a loosely covered crucible and lnitlally
B N .

Aheated to 900°C in air for 12 hours to allow a prellmlnary

degaeslng. Atterwarde. the temperature was brought to elther

1460 -0or 1650 C depending ‘on the furnace and kept\at this
v

[

maximgn temperefure tor one~hour. The M-Blue furnace took 20

' , .

hours to reach 1ts maximum. temperature (1460° c) Whlli the
Deltech furnace reached 1650 C 'ithln 3 hrs. The furnace was

then turned off and the/cruclble allowed to coo\\to about

L
1200°c beiore ;emoving. Coollng took approximntly 1 hr.

"\
N

* A means.of obtainlng homogeneous &lass coi monly %;

L

deecrlbedvln the literature consists of successive gri ding,

: ‘ ~, ; ,

mlxiqg, and melting of the mixture., We have not done SO\%K
. .

avoid extensive contamination by the cruclble. Indeed,f

]grlndlng the whole glass vould have resulted in a hlgher

11

alumina content ln the final product, slnce contamination

:ould have occurred during‘each meltlng periode. Disregardlng

S

the contamlnated merginal &lass would have required too

‘large arn lnitial load ( the Deltech furnace coulda not take

more than ten\EFEEme loads)- Homogeneity and stability of

the finel products ‘wer e checked by electrbn—microprobé
/

extend beyond 2 mm from the contact and __that the central

part of the glass was in most cases, omogeneous.,

B

‘i
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Inhomogeneous products were reJected and new 1oads were

prepared.

lndependent we t chemical anayv‘i

g;igiwgphﬂt?

central, apparently cont

glaeses.

S. RESULTS

s
4
\

1450°

-

t“*w“

_n~~

ée arts
m;ﬁ;aw&“ﬂ

Samples for quantltntive microprobe work and

:

')we e taken from ‘the

of the

¥

o

Glasses wlth meltlng temperntures below 1460°C

were either unstable tb elec tron beam' lrraolat

table 12) or 1nhomogeneous and highly

cro/}wle in which they were prepared,

Table 12,
Percentages,

-——— ..—-.——.-.—_———--——-——.——-—_----—

Compositlon ot

; '
Y

7.81
68.60
11.87
4. 34
7.38

ni xtures contain

ion (#2' 3

-contaminaﬁed by the

A

Inhomogeneity and

glasses 1,2 and 3 in weight

2 3
40.02 43.74 :
7.98 7.58
3.99 3.38
- : 45-30
48.01 -
100.00 100.00

- e A S =y ot o

g 10 wt% titanium or Zirconium oxide,

T

87
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4

o .

which reacted with the ALUNDUM@ crucibles. The instability

to electron ?eam irradiation (15 kV; PC = 0.1 107%A) is

o

o - ¥ : L

manifested by the decreasing count rate for sodium. Decrease
oééurs‘not only under a statidnary focussed beam,. but also
under @ *ocussed beam sweeping an area of 300 square microns

(glass #2). I‘?no case did sodium follow the migration_

.

pattern described by Borom and Hanneman (1967) who observed
: ) ' . R i '
‘ R R

a substantial increase In the sodium count rate.
i i i &" ‘h h
The ease of migration of sodium seems to be related to the

»

X &
Apresénce of uranyl ions. Indeed, of the three glasses

numbered 1, 2 and 3 (table 12), the least stable is tﬁjihn:::>
‘uranium glass even fhough it contains less sodium than

other two. Itvmay be that in the presence of the large

|

.&umbell—shaped uranyl ions, "silica forms a loose glass-
frangwork. Témperaturesrbf the samples at the point of
"impact were calculated from the equation devel&bed by

. Friskney anqu;vorth (1967), (Appendix III); For a focussedv
beam (15 kV; PC = 1.0 107%A) striking a carbon coated
oﬁsldlan'sample, the estimated ;emperature is 218°C. At su%ﬁ
a temperature, éodlumvoxide will not volatilizes. Some other
process is needed to explain the decréasing count rate. If
thlé tempera ture (218°C) is feallstlc or even underestima*ed

by a factor of three, the beam could not have mel ted the

sample and therefore the mechanism proposéd by Lineweaver

3 -

(1963) doés%not'apply;

The experiments suggested the following sequence

of events:
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ﬂ - neutralization of sodium at the surtade of the
‘\‘

‘\ \\,specimen by the impinging electrons; ,
\\ \ ~

v 2 ﬁ\evaporatlon of sodium metal and formation of a

\
; /\\\\ i

‘ \concentratlon gradient. The vapour pressure of

\ sodium metal at 150-200"C is 10~* to 107¢ torr
similar fo that in the snmple‘chamber.‘Such

/ “ temgerntures are_compar;ble with the estimated

/ \'temperature (218°C).

/ 3 - the concen&ratidn gradient 1nduces diffusion from

/ ‘}_the lnterior of the spécimen to the point of.lmpact.

/ ‘ At this stﬁge; migration would be controlled by the /

/ | diffusion coefficient, which is controlled b; the

/ . concentration gradient (at the temperatures

considered).

No other experiments were carriey out with
additives such &s lithium and potassium. The fl;gt cannot be
\ T . .
analysed with the‘electron‘microgrobe and thg second would

/ ‘ :

have posed problems from overlapping peaks (K-Ka®°and U-Mg).
e

/
—

Glasses 11,12,13 and 15 (table 9) are stable

beneath the electron beam under normal Qnalytical

gnditions. Glass samples were produced as truncafed cones
O\8 cm high, and 1 cm to 1.5 cm across. CéntamAnation by the
‘recrystalllzed altumina crucible was detected in all four
charges but did not extend more than 2 mm f rom the‘cruclble

into the glass. 1t wag not possible to make a series of

A
oy



&G

90

gless standards combininlg uranium with a number of commonly
N

65AB01nted elements all in gufficient amounts (about 5 wt% ).

This follows frqm the compositional restrictions

arising from the presence of a glass—former in sufficient

. N
amounts (40%) and from the high temperatures required (in

.

many 1nstanceé, higher than 1700'0).

e Ao
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o HCHAPTER VI
i

\ n . ‘
ANALYSIS OF STANDARD MATERIALS

To test the analytical aﬁproach, known compounds
were ana1yseq;‘Resuits are‘compared.with the known and
theo?etical éompoéltions apd, in>¥he case of most,mineraf
spec imensy ;ith analytlcdl tesults taken from the | ‘9*»

1iterature, ’ )

1. GLASSES 11, 12, 13, AND 15

-

P

Compositions for glasses 11, 12, 13, and 15 are
given in k@ble 13. With the exception of glass A5, it
appears th&t aluminium contamination has occurred over the

> \ :

entire voluﬁe of the glasses. In general, theé microprobe

da ta correct%d by FEPAC agree best with the composition of

\ 91
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.

the Initial powlars.whlle data corrected by COR-2 agree well
with the wet chemlstry resul ts. Becaume of the difference in
aluminium éontenfs between the powders and the correspondi ng
glasses, the latter do not coﬁetltut; reliable astandards.

As shown Iin table 14, corrections for fluorescyﬂce
py the continuum Are small, Nost important are the atomic
number and absorptlop effects. This arises from the
di fference in average atomic number between the glasses and
the standards. (Standards used are listed in table 10, for
general énalyses; in table 13, and 16 for the'analyses of

v
glassés 11, 12, 13, and 153 and glasses A, B, D, and E
res;ectlvely.) The overall correction factor as calculated

by both COR-2 and FEPAC (tables 14 and 15) are importantktor

all elemépts concerned with the exceptlon of calciume.

N
.

2« GLASSES\ A, B, D, AND B’

The presence of molybdenum in our results and its
absence in the theoretical compositiont (table 16)<is
proﬁably the most striking difference between these sets of
valuess. Molybdenum comes from contamination of the glasses
byrthe molybdenum container during fusion. Glasses were

prepared according to the method described by Smellie

(1972). With the exception of glass B, other values do not

—— . T e S ——— .~ ——

1 composition obtained from welghing the constituents

-



agree very well., The differencen are bent meown when the
atomic proportions ot the mailn connti tuents are compareds [In
table 17, the atomfc proportions of aluminium, wilicon and
calcium are recalculated to 100, It can be neen that the
theoretical proportions for all four glansses are similar.
Our resulta show variable proportions from one glass to the
other wl;h alumi nium being low. The'dlgcropancles hbetween

“~ ‘
theorﬁflcnlrund microprobe composlitions cannot be due to the
effect of thorjum nhd uranium since the compositions of the
glasses wlthﬂthe highest amounts of thorium and uranium,
namely F and B, are in better agreement than those wlth le 88
thorium and uraniume Also, the amounts of uranjium an&
thorium are rather low éompared with the differences
observede. Discrepancles are found vhicﬁever cobrectlon
progdtam i1s utilized leges» COR-2 (table 16) or FEPAC ( table
18). This suggests that the discrepancies in compoaltlon are
real and arise from contamination by molybdenum and probably
from segregation of the othfr constituents during fusion.
Corréctlons for continuum fluorescence are negligable.
Atomic number and absorption corrections are very important
for mblybdenum, thorium andy, uranium. This arises from thé
markedly different average atomic number o; the glasses
compared to those of the standards ( PbMoOsy ThO2, and
U0, _ 1) Slllcon; aluminium and calclgm were anﬁlysed against

a plagioclase standarde. s
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1. EUXENITE : e A

A
Discrepancies . between the two sets of analytical -

fesults can be seen for major and minor elements ( table 19).

'{ghese;arise, at least jin part, from the higher sensitlvity

.0of the nethods used by Smellie et gl. (1978). indeed,,sbme

elements determineduby atokic absorption spectrophotometry,
FE. -
flaqe emissiocn spectrephotometry and‘neutron activation
enalysls were not getecfedﬂ;y the microprope. Another likely
reason Ls~tﬁe presence’of impuri ties in the aliquots
anhlysed by Smellie, e concentratlen of 0 12 wt% MnO, for
dxample, would have been detected by the microprobe had it
been present in the excited volume of this sample. Ouﬁ*loﬁ
‘total is due ‘to water (reported by Smellle‘gi ;L., 1978)'end
perhape to"ofher volatile elements which were not
dg}ermlned.
qDltfe}ences can be appreciated_by expressing the

analysis in terms of the general formula for euxenite, and

by comparing the distriputicn of rare—earths with that of

' other euxenite analyses., ' : N4

-

The group formula of euxenite is: :

ABZ O¢
where A = U, Th, Fe%*?, Ca, REE;

Ti, Ta, Nb, Fet*3,

»

0

and B

.

/
14

(N



~\\\Uﬁ/:;:;\bas;s.one tindg for Smellie's analysis:

gum of A = 35.16

sum of B = 64.84 including all iron as Fet*3
Microprobe resbltéWCAn be calculated to yiéld the group
formula:

~sum of A = 33.33 including 0.34 Fet?

i

:f ‘ sum of B = 66.67 idcludlng 1.52 Fet*3

¢ It can be seen that oﬁy result agrees wlth'tné fhéoretlcal
formula for euxenite (A/B = 1/2) while those of Smellie will
at best yield an A/8 ratio of 1/1.84. |
Theﬁgistrlbutlon of rare-earths for both analyses
are éompure# to those of eight samples:  taken from the
lLterature (f1gf giu The trend of the mlcroprobe resulté‘ié
in good agreene;f wi th thé average trend of ;ther guxenite
s;mples (Butler, 1958) while that of Smelile et gl. (1978’
disagrees, mainly for gadolln}Um andhneodymium.
h Three facts support fhe validity of our QeSUIts:
1- The presence of unexpected ele;énts'{n the analysis
of Smellie ¢t al. (1978), such as aluminium,
”potésslum‘anq mégneslum( These likely come from
minéral impuri ties.
2= The distributlion of rare—eart;srln our analysis is:
in'bettér‘;greement with that of other euxenite

analyses (fige 6)e.

3~ Finally, our results are in good agreement with the
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wt %

Butler

.e2 r

| — — — schimann
20 F .
' ven e asess Smellie

o8 [

os

Q0

Figure 6. Distribution of rare-earth elements in the euxinite standard
in weight percentages, as analysed by Smellie (1975) and by Schimann,
compared to the average distribution for 8 euxinite samples analysed by
Butler (1958). The samples of Butler are from South-West Africa, Nansek
(Uganda) , Vegusdal and Arendal (Norway), Fitamalama(Madagascar), Brazil,
and‘Rio'Lagone(Mozambique). For a better comparison, the average values
for Butler's analyses were recalculated for a sum equal to the average
sum of rare-earths in Smellie's and Schimann's analyses.

\ -



structural formula of euxenite.
"As8 can be seen in table 20,
fluorescence are low except for tantalum and ytterbium,

while absorptlonAQnd atomic number effects are important,

-

o

X

. ' ‘ .
especially Io@\h{oblum;\tunta[um, and lead.

2. DAVIDITE

¢
Some discrepancies in the two sets of analytical

the correcfloﬁé for

97

. / . ) :
results from davidite (table 21) can be seen for major and

minor elementse.,

difference are hlgher sensitivity of the methods used by

Smellle, and the llkely presence of 1mpurit1es in his

mineral aliquots.

‘As in the case of euxenite,

The group formula for davidite is:

]

where A

U,

C

and B = Tl.

1

On this basis the analysis of Smellie gt

sum

Tsum

Our results

sum

sum

In the first case the Fe*2/Fe*3 ratio is equal to 0.55,

AB3(040H)7

ay Zry Thy

Fe+3'

>
]

o]
i

Fe*2, REE;

V, Cre.

23.67, including 16.63 Fet?

70.90,

24.37,

73.140,

including 13.74 Fet3.

including 18.63 Fet*?

including 15.81 Fe*3.,

ale (1978) gilves:

reasons for this



f-g., that the composifion glven by Smellle is different

from ,that of our speclmen because the original material was

. /

n

not homogeneouso N | : L ‘ ) A |
'Corre¢fions for microprobe analysis uré listé&gln ¥

table 22; and sfanuards used are given in table 10. The

continuum fluorescence effect is tow although not always

negligible while the other three factors are lmportant.

)

oyl

3; META-AUTUNITE

Our reéults for ﬁéta-aufunite ( table 25) are in
very good agreement with the t?eoreticnl and synthetic metu-
rautunite, although éhosphorus is somewhat higher tuan
expected. The concentration of rhosphorus was checked using
several different sfhudards and diftereht OQgrating-
voltages, and essentially the same resul ts were oﬁtained{
Undoubtedly this analysis éhows-tﬁat we can recogu}se the

mineral from 1its comp®si tione.



;/;f

"is caused by the segregatlonygiuﬁdrlum 1ntohc1%avage planes.

sabugalite by X-ray diffraction (Table 25). Our results

4. META-URANOCIRCITE ' ' .

T Table 24 shows the-compositions of metatorbernite
- N ,

an&”me;&—urqdbc{rclte. Our analysis falls between thedﬁ tWO.

~ . .
‘L ' .
. Ny

end;memberé\buj cléég{\fovmeta-uranogf;hlte. The relatively
- e

.

"low sum for the’ca{lﬁns,jr our results (Ca + Cu + Ba = 0.86)

Itkls not . known whether this segregation occurs durlng‘

analyﬁls or during sample preparation, but scanning

L3

\
- : &

copper (plate 1). X—ray potdér diffraction and micrqséopic

photographs show local concentrations of barium and pérhaps

examind%lon on sepa}ute fractions revealed the presence of
! v @

only one compoundgy wlth properties close to those of meta-~-

uranocircite. The phosphorus and‘urahium'contents and thelr

A

atomic proportions are in excellent agreement with both

< . i

theoretical compositions and with previous analyses.

Se SABUGALITE ‘ . .

N

3 . K]

The mineral we‘ﬁ@ye analysed was ‘identified as

- - u

(Table 26) are in excellent agreement with the uranium and

phosphbrus contents and atomic propbrtlons of theoretlcal e
and analyfical composi tions of sabugalite ( natural and

synthetic). Thé aluminium content of our analysis is

reyﬁtlvely high compared with the type material (sample 3)



Plate | : Backscatt

microns .

electron (bs) and elemental photographs of 'meto_furanbcircite'.

K
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. N

N\ . |
. and th theoretlcal~c4mposltfon but not incompatible with
' \ ‘ .
the synthetic 'sabugalyte' (sample 4). Three analyses using

standa rds led p‘slmllar results suggesting the

\ | Atou(ﬁoz)z( O:ﬂQCSHZO

w gge OH is grouped toge ther wit for charge

compensatlonﬂ Because of the: gigh ydrat d character of

the mineral, lnvesfigatlon by-infra-red and Raman

,specfroscépy diﬂ ;ot yleLd any intorqatlon‘onxkhe‘duture“of
\ U

o |
hydrogen and oxygen in sabugalite; j.g«y on tﬁg{r presence

as OHy H or H3O in addition tQ\HZO.' \\»

| \

"
In light of these facts it appears that

# N
sabugalite, the aluminlum content may vary wlthout wuch

change in the cell dimensions. ’ \\ \\\\\\\\\

D] '
™ ; e . -

6+ CARNOTITE _ , : \

dn

Our results (table 27) agree well with other \j
\

\

\

anﬁlyses'of carnotitey, especially when the composition is
recalculated on the basis of an 'ideal' water content of

5.98%. Potassium is low and water calculated by difference

ie high compared ¢1th7the theoretical values. This ngh \
apparent water content is probably dué to the prgshﬁce of
impregnation and mounting mate;ials in theaeégi¥ag volume

duriné microprobe anaiyéis. This is likely as carnotite, in

. - -

our specimen, occurred only as a fine coating (about 20

/'-"""”,
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micron thick) on quartz and feldspar gralns‘pf an arkose
sample. The discrepancy in tﬁé potassium content is not
surpr;slng'slnce dhe analysis of potassium exist;hg with
uranium poses interference problems and K-Kg line is used.'i

Considering this diffjculty our results are very

sﬁtlsfacfory, and carnotite is easily recognized and.

u¢hnracterlzed by such ﬁnalyses. o i *

, \
7. B-URANOPRHA]

28 shows dnalysés of f-uranaophane. The

able
materlal we ana yéﬁ%ﬁformed a very thin film (20~30 micron ‘ ~

thick) on a rock specimens It is very fine-gralned and

N

somewhat porous so that the plastlc used as an impregnating

-and mountlng materlal is prqbably present in the excited

\

"volume durlng micropro emangiysis- This is responsible for |

’

the apparent high wate c%dtent. ¥Vhen our results are

- y ' ’ .
recalculated to 100€>pn the basis of the theoretical water

Rt

content, the analysisi|ls very similar both to those

previously reported and to the theoretical composifion.

‘\—ﬁ ‘
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anium in the calculation of the

esults agree best with: o

! 2 ]
g\. THOROGUNMITE ' . /
) , _ ( /

Our results (table 30) yieid a high total; this

probably caused by the loss of Pgogr together with water

o

n) and, secondly_ as part of

/

(in the microprobe determinati

Se i €
l

tH,0*Y, Qur silicon and calclu# contents are very hig
“ . n : I
relative to other analysis. / -

. : |

|
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10. URANOTHORIANITE /
‘ . /

0

Compositions of glasses determined by various

N _r

"methods are not in prerfect agreement. Discrepancies in the

~

aluminium conte?f}ot glasSes 11, 12, and 15 are opposlfé to
those of glasses A, B,ID. and Ee. In bofgﬂg&ses these
discrepancies are, at least in part, due to the procedures
of giass synthesise In practice, these“glasses do not
constitute good analytical standardse

The determination of magdéslum in the presence of

uranium, when corrections are applied through COR-2, is not

satisfactory. It appears that the corrections made are not
| - :
suitable for magnesium, nor probably for other. elements. of

lower atomic number, such as, sodiume It can bé%éxpected
that the sodium'concentratloﬁs would also be underestimated
in the presence of thorium,

From analyses of mineral épecimens using the

-

techniques outlined in a previous chapter, it appears



possible to obtailn accurate determinations of the
compositions of qranlum and thorium minerals using the
electron microprobe. It has ptpygn feaslbie ﬁot \nly to
identify these minerals in situ Lut also .to obtain
combletely plausible values for mlnor'concentratlons.

Correctléns to our data are important because the
elements ynvolved are of sudely differing atomic'numberg\and
al so becausé standards and unknowns have very dlffe;ent

N

average atomic numberse. A comparison between data corrected \\\

~

' by EEPAC and COR-ZIShOWSwéot onty the remaining- inadequacy
of our knowledge concerﬁing th; precise size of the matrix
effects, butvalso the usefuilness‘of the applied’
correctionse. ’ » o .

Tt appears that corrections applied by FEPAC glvé
better resﬁits than fho;e applied by COR-2. Owing to the
fact that FEPAC does not print out det§lled ZAF correctlons{
y 1t is difficut%yto trace back tﬁe sources of the
di fferences in tbe‘results. Bgtter results, however, may in
parg'arise from the standardization of the Yarlous
parameters needed through the useA§f matheﬁatical
expressionss Because these parameters are linked, not only

in theory, but also by their mathematicalvexpresalons, they

are more compatible with the group treatment effected to

correct for interactions of the various elements,.
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Compar{asons between analytical composgi tions and
stoichiometric compositions of minerals show that minerals
can easily be identified by microprobe. Deviation from
stoichiometry for both microprobe results and analysgses of
othér‘workers. may be due to imprecise dete;mlnatlons, but
also to the unusually large error that will arige when
structural trormulae Qre calculated from wejight
concentrations where heavy elements, such as uranium,
thorium, and lead nginate. This is best exemplified by
soddyite for which no defini te s truc tural formula hasg yet
been accepted., Atomic proportions .of the major constituents

in minerals contalning heavy and light elements, are in

re ther than throﬁgh chemical analyses.

Preclslon and accuracy expected in the analysis of

B

~

uranium end thorium minerals are bést illustrated by
%gXenité and davidite. It appears possible to study any
zonal or other variatlons in mineral chemistry and, of
course, to ideptlfy minerals; pbut speclql Care mugt be taken
when comparing niner;ls determ}ned by different me thods.,.
This inconvepience is largely‘cdmpensated by the ability to
analyse forf;ll c0nstituents (with Z>9) from a smal]l area
dege enoughvto avoid mineral separution and éontamination.

Finally, i+ should be polnted out that hydrated

uranium minerals losge only part of their water in the course

.0of analysis,
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. Table 13 compogl tion In weight percentages of glasvnen 11,
12, 13, 154 and total correction factor for the cowblned
eftect of sample and atandard (CF) for microprobe data
computed through FEPAC. Oxygen I8 calculated by
gatplchiometrye. Standards are listed below.

————_—_——..——_-...—--.—__—_...._-._—-_.—-..__..__.___.._.——--_—_-____.—_‘__—_.

Glass—-11 Glasa—-1J ;
wt% CF wt% CF ‘
Mg 4.40 1.16Y Ny 4.30 1.377 3
Al 15.82 1.126 s Al 17.50 1.101 .
si 17.03 1.169 Si 17.33 1.162
Ca S.16 ' 1,002 Ca 5.26 0.994
yte 16.89 1 1385 Th 16.21. 1.380 ,
o 40.69 . o - 39.74 !
Total 99.99 - ‘ Total 100.34 : f
Glass-12 Glass~-15
wt% CF | wt% CF \
Mg 4.35 1.152 Ng 2.76 " 1.186 [
Al 16.76 1.114 Al 15. 07 14120 !
Si 16.58 1.169 S1 16.32 1.157 i
Ca 5.18 1.003 Ca 5,01 0.992 :
Zr 1.66 -1.472 Tit* 1.28 1.082
Th 6.95 1.402 I AR 2.51 1.201 3
ute 7.14 1.426 ute 15.99 1.378 . :
o . 41.35 0 41.07 ;
Total 99.97 Total 100.01 !
Standoards
Mg: MgO V: V-nmetal
‘Al: corundum Zr: zlrcon °
Si: quartz ’ ~ Th: ThO2
Ca: plagioclase glass Us UO2.1 -

-_——-—‘--_—-———-—-— —-‘—_-—-—-——-——"--————-c-—-—————_——--—-‘-‘.¢--—-—.

ik ek
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Table 94. Composi tion in weight percentages of glasses 11,
12, 13, and 15, corfection factors for atomic nuaber (zZ),
absorption (A),~characteristlé fluorescence (F), continuum
fluorescefice (Fc ), and total correction factor for the
combined effect of sample and standard (CF) for microprobe
da ta cémputed through COR-2.

Glass-11

mprobe  Z TA F Fec CF
Mg ‘3.88 0.960 1.083 0.991 0.999 1.029
Al - 16.71 0.871 1.233 .0.994 0.999 1.189
si 17.91 0.955 1.289 1.000 0.999 1.229
Cer ! 5.10 0.963 1.032 - 1.000. 0.999 0.992
Uty © 15427 1.340 0.935 0.995 1.001 1.249
o 41.93 e ,
Total 100.80 : _ . . !

¢ Glass—12 )

mprobe z - A B Fc CF
Mg 4.07 0.964 1.130 0.990 0.999 1.078
Al . 17.89 0.976 1.223 0.994 0.999 1.189
Si 1Y.58 0.959  1.294 0.999 0.999 1.240
Ca . 5.18 0.968 1.037 1.000 0.998 1.001
Zr o 1.63 1.198 1,208 0.999 1.000 1.444
Th 582 1.341 0.878 0.995 1.001 1,173
ute T . 640 1.347 0.947  0.999 1.003 1.278 °
o 42.97 , '
Total 101.50 - BN ' . -

Gt¥ass—13

_ mprobe Z A F - Fec . CF
Mg 4.49 0.961 1.173 . 0.990 0.999 1.115
Al 18.10 0.973 1.267 0.994 0.999 1.224
Si : 18.02 0.956 . 1.338 1.000 0.999 1.277
Ca 5.19 0.964 1.051 1.000 0.999 1.012
Th 15.07 ““1.336, 0.885 0.995 1.001: 1.178
o 43.73 -
Total . 104.60

: Glass-15 | .

mprobe z A F Fc CF -
Mg . - 2.46 0.958 1.110 0.991 0.999 1.0583 !
Al . 15.90 0.970 1,227 0.994° 0.999 1.181
si’ 17.15 * 0.953 1.277 1.000 0.999 1.216
Ca 4.97 0.961 1.028 0.997 0.998 0.984
s 1.26 1.021 1.059 1.000 ~0.996 1.074
v+Ss 2.30 0.992° 1.128 1.039 1.000 1.162
Ut 14.41 1.338 0.932 0.995 1.001 1.242
o ' 41.92 "

Total 100,37

.,



Table 185, Combos;tloh in weight percenta
12, 13, and 15,

- e s . o i - —— ——

Mg
Al
Si
Ca
gte

Total

Mg
Al
Si
Ca
Zr

Th .
. U+4

Total

Mg
Al
Si
Ca
Th

Total
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ges of glasses 11, .

Values for the initial povders'(boider) and
analytical results obtained from wet chemistry (wchem) and
micr0pv9be corrected through COR-2 and FEPAC are compared.

——— . ——a — — vt —

powder
4.49
15.77
17.35
5.34
16.02
41.03
100.00

bovder\
4.47 — 7
15.68
17.31
5.30
1.82
7.05
7 * 08
40.13
100.00

powder
4,46
15.64
17.33
5.30
16.2?
40.98
100.00

powder
2.77
15.09
16.65
5.08
1.29
2.35
15.71
41 .06
100.00

Glass-—11 -
wc hem COR=-2
4.35 3.88
16.76 16.71
1709 17.91
5.12 5.10
15.87 15.27
41 .42 41.93
100.61 100.80
Glass—~12
wc hem " COR-2
4.39 4.07
16.07 17.89"
16.75 17.58 -
. 5.10 5.18
2.12 1.63
5.74 5.82
6.76 6440
43.53 41.42
100.46 101.50
Glass-13
wc hem COR-2
4.38 4.49
18.02 18.10
16.94 18.02
5.07 5.19
14.0%7 15.07
42.16 43,73
100.64 104.60
Glass~-15§5
wc hem COR=-2
2.83 2.46
14.51 15.90
16.47 17.15
- 4.89 4.97
t.61 . 1,26
2.30 2.43
17.16 14,41
40.37 41.92
100.14 100.37

—— s — - ——————— —

@

FEPAC
4.40
15.82
17.03
5.16
16.89
40.69
99.99

FEPAC
4,35
16.76
16.58
5018 7
1.66 ///
6.95_ -~
7.14
41.35
99.97

FEPAC

4.30
17.50
17.33

5.26
16,21
39.74

100.34

FEPAC
2.76
15.07
16.32
5.01
1.28
2.51
15.99
41.07
100.01

.—_——-—---_-—-“-—-----——-—.---—----——.-—-————-———-_——_—_——-.——--
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Table 16. Composi tion in weight percentages of glasses A, B,
D, and E, correction factors for atomic number (Z),
absorption (A), charateristic fluorescence (F), continuum
fluorescence (Fc), and total correction factor for the
combined effect of é&mple and standard (CF) for microprobe
da ta computed‘fhfough COR-2. Theoretical (theor) and
analytical (mprobe) compositions are compared; oxygen is
calculated by stoichiometry. Standards are listed belows.

—— i i A o " s " S = — o > e A P S - —— T T Y T — W W S W W - G5 So 26 =

Glass A ~ . »
theor. mprobe z A F Fc "“CF
Al 16.43 15.32 0997 1.021 1.000 1.000° 1.018
Si 19.61 * 19.90 0,997 0.984 1.000 1.000 0. 980
Ca 18.64 18.64 O{§$7 1.001 1.000 1.000 0.99%8
‘Mot3 - 0.86 - 14252 1.042 0.992 1.002 1.296
ygte 0.78 " 0.70 1.385 0.914 0.993 1.005 1.265
el 44,53 44.52 i
Total 99.99 100.04
: Glass B
theore. mprobe A A F Fc CF
Al 15.92 15.81 - 0.988 1.051 1.001 1.000 0.997
Si 18.74 18.74 0.988 1.007 1.000 1.000 0.997
Ca 17.90 17.87 {0~988 1.006 1.000 0.999 0.994
Mo+ - ©0.29  1.241 1.051 0.993 1.002 1.302
yte 4,05 3.80 1372 1.372 0.994 1.004 1.255
O 43.38 43.36
Total 99.99 99.87
Glass D :
‘theor. mprobe VA A F FC : CF
Al 16.41 15.16 0.992 1.024 1.000 1.000 0.992
Si 19.64 19.94 0,992 0.985 1.000 1.000 0.965
Ca 18.57 . 18+68 0,992 ‘1,002 1,000 1.000 0.996
_Mo*S - 0«85 1.246 1.043 0.993 1.003 1.293
Th 0.89 0.78 1.371 0.849 0.976 1.002 1.138
o] 44,49 44.59 :
Total 100.00 100.00
Glass E . . -
theor mprobe z A : F Fc CF
Al 15.86 15.12 0.995 1.066 1,001 1.000 1.058
Si 18.66 19.31 0995, 1.011 1,000 1,000 1.001
Ca 17.85 '18.21 0.994 1.012 1.000 1.000 1.006
Mo*+3 - 0.51 1,249 0.993 1.002 1.003 S 1.300
Th Se17 3.84 1.375 0.854 0.978 1.002 1.148
(o] 42,47 42.70 -

/

Total 100.01 99.69

(<]

2A1:>anorthoc1ase glass _ Mo: PbMoOs

Si: anorthoclase glass Th: ThO;
Ca: anorthoclase glass Ug: UO2 1

. O




Table 17. Atomic proportions of Al, Si, and C
B, D, and E for a sum Al + Si + Ca equal to 100.

and analytical (COR-2) values are compared.

Al .
Si
Ca

—— i —— o - ——

Glass A :
theoretical analytical theoretical analytical
34 33 34 34
39 41 39 39
26 27 26 27
Gless D L Glass E
theoretical analytic&f/;heoretical analytical,
34 32 34 - 33
39 41 39 40
26 27 ° 26 27

111

in glasses A,
Theoretical

——————.———_—--—————¢———_—q—--—-—-—-—-..—-————-————--——_--——-—--

Table 18. Composition in weight percentagqs'of

D, ..and E and, total correction factgrs for the combined

effect of sample and standard (CF)
computed through FEPAC. Oxygen |is
stoichiometrye.

Al
Si

uo‘l—S
U"”

Total

——————— —— S —— " —— e T — o W o 4 e o S

-

Glass
wt%
15.26
19.381
18. 81
1.13
0.83
44.17
100.01 .

Glass
wt%
15.07
19. 82
18. 67
0.99
0.98
44.41

A

CF
1.013
0.975
0.996

1.362

1.423

CF
1. 015
0.975
0. 997
1.363
1.424

or microprobe data

alculated by

CF
025
984

898

357
413

CF
023
975
996
351
408

glasses Ay By

GlasshB
wt%h
15.58 1.
' 18.@9 0.
17.5@ Oe
0.34 1.
4,45 . 1.
43.49 \\\
99.90
Glass E
wt%
14.66 1.
18.82 0.
18421 : 2e
0.59 1.
4.73 i.
42 .94
99.95
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Table 18. Composi tion of puxenfte,in weight percentages and
in atomic proportions as obtained b& wet chemistry and a
neutron activation (Smellie) and by electrbn~§1croprdbe.
Atomic proportions have been calculated on a water— and
oxygen—free basis. ’

—--———-——--—---——-——-—-———Q—-——-—-.'——--—--——--———-——-_——-—————

wt% _ at.prop.

Smellie mprobe  Smellie  mprobe
Na -~ 0.08 . nede - 0.44 -
Mg 0.05 Nede 0.27 -
K 0.02 Nede h 0.07 -
Ca 0.83 0.26 2.58 - 0.85
Mn X 0612 nede 0026 . -
Cu 0.02 nede 0.04 -
in . : 0.02 R ) Nede N . 0.0L4 -
Y 11.81 ) 12.27 16.54 17.62
Ce 0.19 . 0.21 0.16 0.19
Nd 0.04 . 0.49 0.04 0.44
Sm 0047 . 0.58 0039 0.49
Eu ) 0003 ) n.dc 0. 03- -
Gd . Nede. - 073 - ° 0.63
Tb 0036 ' Nede 0027 -
Ho ' 0.59 0.92 0.46 0.72
Er 1.52 ) 1.44 1.13 1.10° )
Tm 0.64 nede 0.47 -
Yb 1.65 1.82 1.19 1.34
Lu " 0.24 nede 0.17 -
Pb 0.76 1.17 ‘ 0.46 0.72
Th 4.18 4.18 2.24 2.30°
U 9.61 9.59 5.03 S5.14
Fe ' 0.78 - 0481 1.73 1.85
Al ’ 0.26 Qe02 1.22 0.10
Si 0002 . _n.d 0008 -
Ti ~ 14.45 13.74 37.54 36.66
Nb - - 18.04 19.65 24.28 27.00
Ta 1.76 1.65 1.21 1.16
o . 25,71 24.86
H20+ 3.21 Ne«De.
HoO0" 0.07 E NeDo . .

not detected o,
not determined




113

Table 20. Composltion in weight percentages of euxenite and °
correction factors . for atomic number (Z)y absorption (A),
characteristic fluorescence (F), continuum fluorescence
(Fc), and total correction factor for the combined effect of
sample and standard (CF) for microprobe data computed

through COR—2. Oxygen was calculated by stolchlometry.

wt% z : A\ : F Fc CF.

Al 0.02 0.863 1.172  1.002 0.999 0.911
Ca 0.26 .. 0.834 1.111 0.991 0.997 - 0.947
T 13.74 0.874 . 1.092 0.998 0.997 0.988
Fe 0.81 0.818 1.034 0.997 1.000 0.876
Y 12.27  0.921 1.080 0.995 0.999 1.031
Nb - 19.65 1.023 1.206 0.998 0.999 1.283
Ce . 0.21 0.846 1.034 0.998 0.997 - 0.898
Nd 0.49 0.848 1.048 0.999 1.001 0.926
Sm . 0.58 ‘0.846 1.037 ~0.999 1.000 0.920 -
Gd .. 0.73  0.845 1.031 1.000 1.002 - 0.916
Dy 2.19-. 0.834  1.025 1.002 1.002 0.895
Bo ’0‘92\\\67892\\\1\233\\‘1 .000 1.002 0. 891
Er b 1.44 0.830 0.0 \91399 1.001 ~0.881
Yb 1.82 ‘0.833 ~—1.010 ~ 0.999 0.996 0.873 L
Te - 165 1.024 1.00L 1s000 ° 0.983 1.277 , E
.Pp 0 1417 1.134  1.115 O'SQQYN 1.001 1.312 B v
Tn/,/ 4.18 0.862 1.102 1.000 Qi\fffﬁ///g;ggp//// !
U . 9.59 0.859 1.097 - 0.980 .00 - 9s974 : O
o : © 24.86 ) o . _ e
To‘to,'l 960 58 '

i S R B S T S o e Sl o

ket i orm

b

o)
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Table 21, Cﬁ;mposift.lon of davidite .i.i; @gelight percentages and
in atomic proportions as obtained by wet chemistrx and
neutron activation analysis (Smellie, 1976 ), and by electron
‘microprobe: "Atomic proportions have been calculated. on a

water- and oxyge’n—tree basis. . -

- - o e i e e e i o e e e e e B S ————————

/ wt% . &topl";)po
| Smellie mprobe Smellie mprobe
: 0.07 " Nede ’ 0.25 ) -
0.16 0.22 0.56 . - 0.76
! 0.03 Nedes - ) 0.07 -
0.58 " 020 1.26 . 0.42
. 0607 nede 0.11 - -
| 0002.‘.; Nede 0003 -
\ 0.04 ned, 0005 =
| 431 2.89 2.71 1.76
<0004 Nede ' <0.03 -
<0.01 nede. <0.,01 -
- <0.01 ) Nnede - <0001 -
.7 <0.01 . Nede <0001 - -
S <0.01 " ned. <0.01 -
<0.04 = n.de <0-03 -
0.04 nede, ) <0- 03 - B
~«.0008 nede" 0.04 -
<0009 nede. <0004 -
0.08 0.07 : 0004 . A. 0.03
<0.09 ) ‘Nede <0.04 -
0.73 - 077 _ 0.31 0.31
0.21 nede. . . Oo 08 -
8.22 7.70 3.01 2.74
Fe 19.44 22.71 ° 30.37 34.44 .
Al , - 0669 0.35. 2.22 1.08
si 0.06 Nede 0.17 = -
Ti 28.54 30.05 = 51.97 53.14
\'4 0.58 - Nnede . 0.99 -
o  31.79 29491
. N
- Hpot 0.68 'NeDe
HoO™ 0.05 NeDe =
¢ . Total + 101.02 99.32 100.00 .100.00
neds: not detected v - - A \

NeDe: not-determined

—-—--—-—-—————--—-—--——p—---—.———-—‘—-————.——-—-—--—--—-—--———.——
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Table 22. Compééition in weight percentages of davidite and
correction factors for atomic number (Z), absorption (A),
characterlstlc‘fluorescence (F), continuum fluorescence
(Fc), and total correc tions factor for the combined effect
of sample and standard (CF). for ulcroprobe"data computed
through COR-2. Oxygen was calculated by astolchiometrye.

wt% z A . F, ~ Fc CF

Al : 0.35 1.163 0.947 1.006 1.000 1,110
Ca 0.20 1.009 0,918 0.955 . 04895 0.880
Ti 30.05 1.028 0.964 0.983 0.997 - 0.976
Fe 22,71 @ 1.028 0.909 1.000 1.011 0.948
-La . 2.89 0.982 0.936 0.983 0.998 0.906
Ce "\ 1.90 05984 0.936 0.981 0.998 0.908
Yb N 0107 o 1.017 0.933 1,000 1.014 0.985
Pb SN 077 1.007 1.245. 0.995 1.000 1.252
U v 7470 0.973 0.945 0.945 0.997 0.876
o) 29.91




Table 23 Composition of autunite and meta-autunlte‘ln'
welight percentages and repulculated strqcturnl formulae on

. the bagis of 12 oxygen ionse » g )
Sample 1 2 3 - 4. 5 6 7
Ceo | .- 5469 531 6.56 53 7.17 5.8  6.14
NgO - - - 0.26 - - neds -
sroO ) - - - 0.34 - nede -
UOZ - . . - - 3.071 - NoD- -
UO3s - 58.00 60.84 58.85 56.91 63.00 622 62.58
P.0s 14.39 13.40 14.80 14.8 15.95 175 15.53 _
H,O 21.92 20.33 1 19.60 18.3, 13.84 14.5 15.75
Total 100.00 99.98 100.07 98.72 99.96 100.0 100.00
Ca 1 1.06 1.13 0.81 1.13 0.90 1
Mg - - 0.01 - - - -
Sr .- - - 0-03 o - - -
ute 2 s.1t 1.99 1,70 1.95 1.90 2
P 2 1.84 2.02 1.78 2.00 2.16 2
o , 12 /ﬂZ.OO 12.00 12.00 12.00 12.00 12 .
Hz O 12

{ Theoretical composi tion of autunite: d@o-zuosopzosilzﬂzo.ﬁ

2 Autunite: Autun, France; Church (1875)s :

3 Autunite: Mount Palnter,‘South"Australla; Greig analyst,
in Smith (1926). . ' . :

4 Autunite:? Mt. Spokaney wWashingtons Léo\(1960). (average
composition of dark green autunite)e tqraninlte impurity ™

5§ Autunite: synthe tic; Fa{rchlld-(1929)o Probably me ta-
autunitee. '

6 Meta—autﬁnlte. Hummer Miney Paradox valleyy Colorado;
microprobe analysis (Cameron—Schimann). B20 is
celculated bY differences ! ;

7 Theoretlcal.compositlon of meta-autunite,l : Ca0*2U03"*
‘P205-8H20. ’ : :

nedes: not detected
NeDe: not de termined
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Table 24. Composition of metatorbernite and meta-;
uranocircite in weight percentages and calculated structural’
formulae based on 12 oxygen lonse.

Sample 1 2 3 4 S 6
Si0, - . 0.40 nede .- - L -
Ca©O - - 0.4 3.40 - -
Cu0 8.49 8. 50 2.5 - - -
BaO’ - - 8.9 5.80 14.57 15.16
UO 3 . 61.00 59467 64.2 - 58410 56 .86 56456
P,0sg 15.14 14.00 ~16.1 14.65 15.06 14.04
H,O  15.37 15.00 7.9 17.55 13.99 = 14.24
Total 100.00 97.57 100.0 99.50 100,48 ° 100.00
si - 0.07 - - - -

Ca - - 0.06 0.37 - -

Cu 1 1.03 0.28 - - -

Ba. " 1 1) - 0052 0060 0087 1
ute 2 2. 63 2.01 1.99 1.90 2

P 2 1.91 2.04 2.02 2.02 2

o 12 12.00 12.00 1 12.00 12.00 12

Hp O 8 8.07 3.30 9.56 Te12 8

—— S G T i A . ——— A T ————— — - — D - —— ——— i . - — —— ——— —— ——— —— —————_

1 Theoretical composi tion of metatorbernite:
CuOe2U032P,05¢8H0. ~ _

2 Metatorbernite(?): Gunnis Lake Mine, Cornwall; Pisani
(1861).

3 Metatorbernite — meta—-uranocircite: Vogtland, Saxony;
microprobe analysis (Cameron-Schimann). HzO is
calculated by difference. N :

4 Meta-uranocircite - autunite: Saint-Priest-La-Prugne, -
Franc¢e; Chervet and Courtault analyst, in Chervet (1960).

S Meta—ﬁrgnoclrclte: Falkenstein; Winkler analyst in ‘
Weisbach (1877). _

6 Theoretical composi tion of meta-uranocircite:
Ba0+2U03¢P05¢8H,0.

\
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Table 25. 'd'-spacings for sabugalite (X-ray powder
diffraction). In the firat two columns, the spacings and
intensities from material from Sabugal, Portugal (Frondel,
1951 ) are listed. In the last two columns, the spacings and
intensities for our specimen from Ciscoy, Utah are glvene.
s:strong; mimoderate; fiweake.

g (R) I g0 (k) 1

9.69 10 9.51 s

6.56 1

5.59 1 »

4.86 9 4.87 8

4.39 4 4.46 m

3.47 8 3.44 s .
3.36 1 A L
3.22 172 ‘

3.06 1/2

2.82 1 2.62 f

2.45 2 2.46 m

2.39 2 2.37 £

2.19 6 2.19 m

1.70 1 1.85 t

1.73 1 1.74 f

1.64 1/2 1.63 £

1.55 1 1.55 £

1.36 1 1.35 f

———— . S Ty ST G D Ml S T W o T s A T o " A T W

P
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. Table 26« Compositions of gsabugallite in weight percen tages
and calculated structural formulae based on 24 oxygen lons.

Sample 1 2 3 4
Al,03 2.87 6.21 ‘ 2.65 ' 4. 85
UO0; 64.41 67«51 ' 65422 63.10
P20g 15.99 ‘18.40 16.08 15.40
H20 1673 7.88 .15.93 16.80
Total 100.00 >~ 100,00 99.88 100.15°
Al 1 1.92 - 0.94 1.70
U . 4 3.69 4.12 3.93
P Y 4.02 4.10 4.05 .
0 24 24.00 24.00 3 24.00\\\
H20 16 7.70 15.98 16.62 \\\
1 Theoretical composition of sabugalltéx\\\ : *x;\\i
HA1(UO, )g‘(PO.)Q"iHZOo S : ‘\\\\

2 Sabugalite: Cisco, Utah; mlcroﬁrobe analys
Schimann); H2O0 is calculated by difference.

3 Sabugalite: Mina da _Quarta Feira, Sgbugal, Portu
Gonyer analysty in Frondel (1951)., Ca, Mg, Ba, Cu,
Mn, and As were not detected. p

4 Synthetic 'sabugali te?! Mogin analyst, in Frondel
(19588).
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Table 27. Compositlion of carnotite in weight percentages and
recalcilated structural formulae based on 12 oxygen ions.
Sample 1 2 3 4 5
Na_O - 0,35 0.16 ne.d nede
K20 10.44 9.58 10.00 BeS 9.3
CaO - ) 0064 0066 Nede nede.
MgO - 0.22 0.30 nedes Nede
Fe203 - - 0.04 0.58 nede nedes
Vo3 63.42 65.62 62.26 57.8 63.1
V20s 20416 21.12 20.57 19.9 21.6
“H,0 5.98 1.35 4.90 13.8 6.0
Rem. - Q.48 0.37 - -
Total 100.00 99 .40 99, 77 100.0 100.0
K . 2 1.74 1.86 ® 1.75 1.75
U 2 2.01 1.96 1.95 1.95
\' 2 2,03 2.04 2.11 2.11
o 12 12.00 12.00 12.00 12,00
H,0 3 0.65 2.45 7.40 2.93

1 . Theoretical composition of carnotite:
2K,0¢2U032V,053H20.

2 Carnotite: Cane Springs Pass, Utah; Hess and Foshag
(1927). Rem« includes: AL03=0.16; insoluble=0.23; traces
of CuOy, PbO and P20s5. . .

3 Carnotite: Temple Mountain, Utah; Hillebrand (1924). Rem.
includes: Cu0=0.,07; S03=0.26; insoluble=0.04.

4 Carnotite: unknown locality in Gérmhnyéamicroprobe
"analysis (Camerén—Schlmanh). H20 is calculated by
difference. o - o : : "

5 Analysis 4 reealculated on the béfjs of 'jdeal®' 6.0%

(5.98%) H0, : . :

nede: not detected
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le 28%. Compositlion of f-uranophane in welght percentages

and calculated structural formulae based on 11 oxygen ions.

" Uranophane: Bigay, Puy-de—-Dome, France; Branche'gj ale.

Sample 1 2 3 4 5 6
CaO 6.55 7.32 . 7.1 6e1 6.3 6.7
Uo3 66.80 66.29 66.9 66.5 63.0 672
S10; 14.03 13.11 12.9 iz.t 12.6 13.5
H20 12.62 12.87 12.6 14.3 18.1 12.6
Cco, - tr - tr - -
Total 100.00 99.59 99.5 100.0 100.0 100.0
. )

Ca 1 1.15 1.11 0.95 1.04 . 1.04
U 2 2.01 . 2.05 2.03 2.03 ©2.03
Si 2 1.91 1.87 1.90 1.94  1.94
o 11 10.94  10.74 10.83 10.84 10.84
HoO 6 6.18 S.98 6.71 9.15 6.00
1 Theoretical composition of B—upﬁnophqne: R

Ca0+2U032510 2¢6Hz0.

Uranophane: Joachimsthal; Novacek (1935), on 7.5 mge CO»
present in.small' amount of impurities, not determined.
Uranophane: wolsendorf, Bavariaj Novacek analysty 1n
Steinocher and Novadek (1939), on 2mge. :

(1951).

ﬁ-Uranophane!-Charlebols Lake, Saskatchewan; mlcrog}ope
analysis (Cameron—thlmann). HpO is calculated by ’
dil fference. ‘
Analysis S5 recalculated on the basis of *ideal' 12.6%
HZO.



T 122

Table 29. Composition of soddyite in welight percentages and . ﬁ
recalculated structural formulae based on 19 oxygen lons. =

—— '.-—’-—-‘—-——-——.—----_——--:--—---—--'———---q——————- <

Sample 1 -2 3 4 ,
Si02 7.51 7.24 7.87 7.8
F0203 ‘g, - = . o - 0.5
PHO - - - 1.7 A
vos -  86.19 86.24 85.27 87.4 . ‘
H,0 6430 6.50 6.26% 2.6
Total ~ 100.00 100:00 100.00 100.0
81 ‘ o 2. 14 2.00 -— 2. 15 ) ‘ 2. 13
Fe I - 0.10
v .. Pb = - - - 0.12
U T 4490 5.00 4,90 ‘ 4.82 7
0] 19.00 19.00 19.00 19.00

-8 ' : .
1 Theoretical composi tion ot soddyi te for the structural

formgla:

12U03°5S102°14H20. o

2 Theoretical compos

ition of soddyi te fo

r the strugtufal

. 1ormula='500202510296H20.
3 Kasolo, Eatanga district Belgian C
Schoep (1930) average of three par
. { probably 6.86% H20. :
4 Katanga Belgian Congo (now Zaire?;
N (Caheron-Schinann); H20 is cdlcul

]

ongo*(now‘Zaire);
tial analyses.

microprobe analysis
ated by difference.
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Taeble 30, Composi tion of thorogummite in weight percentages
and recalculated atomic proportions :for the structural '
formula: The(1-4x)(SiO4)*4(OH) . The amount of (OH)s (legey 9
x) has been calculated in amount needed for valence
compensation of the ca tions.: .

- - -—--————————-_——-———---_—-—,--——--—-———-—---—-—

Sample 1 : 2 -3 4 -
ThOz - 41.44 © 24,46 21.20 43.1 ‘
U03 22.43  37.33 "~ 18.63 4.7 !
(Cey,La)203 0.12 0.08 2.1 %
: "6.69 ' 3
(Y,Er)203 0.32  9.47 nide :
Nb2Os - - 7.81 "nede 1
CaO - 0.41 1.62 . - ‘ 10.0 ’
Mgo - 0.16 Co- nede “
PbO ~ 2.16 7.78 0e17 1.5 3
Al203 0.96 - "8.84 1.9 ) :
F9203 0084 - “ 2084 nede v
sSi0; 13.08 15.30 14.43 24.4

P,0s 1.19 - 2.65 2.4

Hy0% 7.88 8.37 7 «82 NLD.

Rem .= T 0440 8428 -

Total " 98432 00.05 " 100.05 -101,8 Je

———————-————--4—---—'—-——---——-— --—'--—--——»——-——-—.—--—-————-—-————

Sample 1: - [Tho.ogUﬁfz¢Ceo.13A10.06Feﬁfoacuo.oszo.03] .
,[(Nbo.)0,67(90.)0,5((on).)o_3]-1.57uzo
Sample 2: (Tho_ oiPPo.12] A
[(NbG. Yo.87 ((OH), )0.28]'2.38!120
Sample 3: [Tho.19 U*®0.15s Nbo,17Alo.e0 ‘Feg.o09 ]
) [(8104)a,.56P04 )o.oq((O’H)y)o_33]° 1.72H0 '
Sample 4: [Tho.3s Ub%0eCeo_03C20.39 Fbo.o1 Sip.14 Algo.os ]
. [(8104)0. 75 (PO‘)_Q."o-,]' 1.30H,0
4+ Thorogummite: Baringer Hill, Texas; Hidden and Mack intosh
(1889). Atomic weight of rare—-earths given as 135. .
2 Thorogummite (nicolayite): Wodgina,. Western Australiasj -
Simpson (1930}. Rem:( NbyTa)z 05=0.40. ) ’
3 Thorégummite: Haicheng Prefecture, South Nanchuriaj
’ Yosimura .and Yamada analysts in Hemni ¢ 1951 )¢ Rems:
Be0=0.163; Sn02=0.31; Nb0s5=7.81l. Atomic weight @t (Y,Er)
given as 120.
4 Thorogunmitef Belafa, Madagascars; micboprobe analysis
(Cameron-Schimann)e. Hz0™ in¢cludes: loss between 110°c =
4.86; loss between 1107-750"C = 5.98; loss between 750" - '
ISOG-C = 0.88+ ‘ “ ‘

nede: not detected
NeDe: not determined
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Tnble 31. Composition of uranothorianite in weight

——————————————— -

ﬁpercentages and structural formulae based on 8 oxygen ions.

Sample 1 2 3 4 5
CaO - - 0.42 0.1 0.
PbO 1.80 2.66 3.99 4.0 ;?gf\\?\\\\\\\
(Ce'LQ“)203 - 1.41 - nede nede :
Feo03 0.29 1.54 - nede. “tr
Uo, 4,73 - - tr -
U303 - 14.54 27.94 - 29,6
V03 - ' - - 25.2 -
ThOp 93.02 78.00 64.61 62.4 62.4
Hzo . - - 0- 14 2.9 209
Rem. : - 2.04 2018 N.D. NeDe %
Total 99.84 100.19 97.28 94.6 99.0
Ca - - 0.07 002 0.02
Pb : 0.10 0.11 0.17 0.18 0.18
Ce,La - 0.07, - - -
Fe ' 0.058 0.18 - - -
v 0.23 0.49 0.98 0.98 1.09
Th ‘ ' 30'\}0 2081 2.40 204\ 2.44
Reme - 0.28 0.17 - -

o} '8.00 8.00 8.00 8.00 8.00
Hz0 - - 0.08 1.65 1.66

1 Thorianite: Betroka,

Lacrolx (1922).

Hadagaecar;

Kobayaghi (1912).

Pisani analyst,

'Sc203=0. 46;

-2 Thorianite: Ceylon; Ren?
CuD=0.02; Si05%0.203 Zr02=0.09; Al1,03=0.15; ignition
N loss=1.12. ' o '
+ "3 Thorlanite: Ceylon; Hecht (1933) Rem.: insoluble= 0.15;
' SnOz(?)—O 31; REE=0.031; (Fe,Al)2037.80; Ti0,=0.33;

Zr0-=0.56; H,0 includes loss between 110°-300°C = 0. 04;
loss between 300°-1000"C = 0.,10.

4 Uranothorianite: Galle, Ceylon; micréprobe analysis
(Cameron-Schimann); H20 includes: loss between 110°-300°C
= 0.31;: loss between 300°-1000"C = 2.55. -

S Analysis 4 with all U calculated as U30ge.

nede: not detected ig?

NeDe: not determined
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1e LOCALIZATION

-

. The Baie Johan Beetz region is pa of the eastern
- Eads . ; '

\&renvllle Province. It is slfuat&ﬁfon'the‘north shore of the

Gulf of St. Lawrence in the vicinity of the village of Bale
— i

— -7 2
4

Johan Beetz, which is SSmkm-east 9£ Havre St Pierre and 250 . _ L

km east of Sept-Isles (fige 7).
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2, PREVIOUS WORK

Mapping of the area (fige 7) was done At a scale
{
of 1 mi:l inch by Dépatie (1964-1965), Cooper (1957) and

Blals (1955). In 1975, the Geological Survey of Canada made
. , ' \ . -
an airborne gamma-ray spectrometer survey at a spacing of 5

RS

km over the whole area and at a spacing of 1 km over the
I . ' .

B

central part of the areae.

’

Radioactivity in the rea';as first noted in the
m;dffiftles,‘buf intensive explorgtlon was not.inltiated
until 1966 when a number of companies acquired hinera}
rights over thg afea. Search for uranlum extended frd; the
Sagueﬁay River to Blanc Sablon. Regults of the ;967 and i968
seasons have been summufized by'Baidwln (1970). Ren%wéd
activity slﬁee 1973 on many,prospects has not ygt defined
any mineable ufanium‘depo§1¥. Dﬁring'fhe summer of 1976, the
author had. the $pportun1ty to visit pgrt of thls:area with
Ke Schimdﬁp ﬁhllenworklng én various prospects I;r Rouanda

Mining Coe Ltdey a subsidiary of Texasgulf Inces -

I T S PRI A SR T NP FN
o G R *
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3. GEOLOGY

The area (tige 7) covers the southern part of a

51

north-trending synclinal basin whlcp'extends over 3600 sq

kme This basin is occupied by the Wakeham Groupe The main

units of this group are quar tzites and calcareous quartzites

-

cut by sills of gabbro; these rocks are metamorphosedbinto
greenschist and amphibolite facies; they have been similarly

deformed. A basement of quar tzo-feldspathic gneisses,

surrounds the basine Metase&iments, met&gabbros and gneisses

are cut by granites (Wynne-Edwards, 1972).

Quartzo-feldspathic gneisses, metasedlmeﬁts,
mefcgabbros(9nq granites all crop out in the Bal; Jdgan
Beetz area’(tigc 7). The eqétern part is occupied by
migmatites and ;ugenAgneisses (quartzo—feldsputhlc

gneisses )« The major s tructural trends in thisieastérn part

.

of the area are NW-SE 3nd E~-W. In the central and eastern

~ ' : - ’
parts of the area,y the metasedimentary rocks and gabbros

sfrike N-S to 'E—SW and appear to wrap around the Lac
Turgeon and the Lac Ferland granites. Smaller granitic

bodies occur within the. Wakelam Gboup where they are mostly

concorddnt with the general' structure, and wl}hin the

-

‘mlgmﬁtites where they also_dccupy the cores of major folds.

Paleozolc sediments are present in the

southwestgsn part of the area (flg. 7)e
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Bm-gnx_uﬂmg

Biotlte gnei ssy, augen gﬂeiss and ﬁlgmatites océupy
the eastern pért of the map area (tig{f7). They have been
brléfly deéﬁrlbéd b& Bials (1955). Mlgmatltes‘or banded -
granific gne}ss occupy the core of major anticlinal foldse.
The migmatites are flanked by augen gneiss, which ln/:gﬁpkﬂw'
are bordefed by qdhrtzo-fgngpathiC’ﬁ6FEBTE;3;:SI;;Tté

gnelss or paragneiss ¢ Blais, 1955).

The metasediments which occupy the Wakeham basin
constitute the Wakeham Group ( McPhee, 1959); they are cut by

sills and dykes ot metagabbro.

~ AN e

Wakeham Group

Metasediments are widely distributed over the

-

central and western parts of the area (fig. 7), where they

nﬁhoccur in bands of irregular width separated by sills of

mefagabbto. In the Bale Johan Beetz area, Coopenrn (1957) has
‘distlngulshed two broad types of metasedlmentary ‘rocks. The
first, by fdnmthe most commony 1nc1udes fine-gralned, lléﬁt
to dark" grey, iﬁbure quartzites; Carbonate—, hemafite-, and
rut11e~bearlng quartzites are interbedded in small anouﬁts.
The second‘ﬁnd minor tybé_comprlses micacecous quartzites{
quartz-bldt1¥e schist and e elss, and‘blot1¥é schist; .all
are commonly interbedded viik

varying amounts of dark grey

quartzite; rocks of this second type crop out east of Lac
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Veroniques Minor amounts of coarsel&'crystalllne.limestone

and a small lens of conglomerate have also. been reported.

The quartzi tes commonly exhibit prlmary beddlngyiand lesé

frequenfly, ripple marks and cross-beddlng. The

stratigraphic relaklons between the two types of sedlments.

as rgported by Cooper (1957), are not clear, but it seems

reasonable to suppose that the‘stratigraphy proposed by

Grenier (1é57)\£pr fhé Leke Beetz area, a region located

immediatly nopth qt the Baie Johan Beetz area; 1; also valid \\\\
for the latter; the more so in that it corresponds to the
probable stratigraphy in the Victor Lake area, northwest of
the Bale“Johéh Beetz area. In Lake Beetz area, Grenler
(1957) recognized a stratigraphic sequencd‘compoged as
follows: in ascending ordery "first are thg quaét;ose

schists interstratlfied with impure quartzites, then:

relatively pure quartzites, succeeded finally by calcareous

— ’ ' J
J

quartzites and pbyllitic peds interstratified with pure : iE ~

\ "
quertzites." A geological map of Victor Lake area (Sharma,

1973) shows pelitic’paragneisses with interltayered
quartiltic bands in its upper parts, overlain by calcareous
quartzltes} tﬁe upper unit contains a markér horizon of
black gzhist And‘plnk crystalline limestoneo These
metasediments are wrapped around massifs of gneissic grani te
which could be 1ntérpreted as basementi gneiss domes
(K. Schlmann; pers. commey 19763 Bourn; et aley 1977).

Thus it appears that the flrst tYPQ of

metasediments distingulshed by Cooper (1957) corresponds to
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the upper part of ‘the Wakeham Group while the second
corregsponds to the lower part.

Migm&tites have been described by Cooper (1957).
They occur east ot Bale Victor and between Baie Johan Beetz
and Balie Pontbriandi They are composed of rocks of the
Wakeh;m Group and of amphiboll tes inJectéd and.bartlally
éssimilated by grani tic material.‘Tﬁe migmatites east of
Baie Victor seem to be associated with the contact witﬁ the
grénite while the others, east of Baie Johan Beetz, are

situated at the boundary between basement gneisses and the

YWakehaﬁ Group.

e |

. In the area shown in figure 7, metagabbros v

- —

underlie a surface about half the size of thaf of the
metasediments. They intrude rocks of the Wq&eham éroup in

s

sill-like bodies aﬁd, locally, also occur as dykes and small

*
&

discordant bod;es; they are older than the granites which
contain inclusions of both metagabbros and metasediments;
Fresh gabbros have peen reported in neighbouring areas only
(Claveau, 1949; Grenier, 1957): In the Baie 3ohan Beetz

area, the metagabbros are characterized by complete

"uralitization of pyroxenes, saussuritization and

albitization of plagioclgse and to a lesser exfént, by
introduction of alkalies, tourmaline and apatite. Cooper
(1957 )-has divided them into four types, based on their

degree of altefat[on,wnnmely: uralite gabbro, udphlbdlite}
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Amphibollte £gneiss anq hybrid rocks le@ey hornblende—r;ch
rock and quartz dloriteé. He reports: "fhe change from
&abbro to amphibolite and from this to gneiss and finally to
hybrid rocks is érndual. Uralite gaﬁbré is found in thé

T

northern two-thirds of the area and amphiBollte,ln the \\\*\\\
e , B ~_

- Southern thidd. The remaining two types are much more local
and form phas®gs of the serijies (gabbroic) in the vicinity of
~&ranite, where tﬁgkalteﬁatlon is more’intenset Amphibole

&neiss occurs on the east side of the main granite mass (Lac

Turgeon,gr&nite)! and hybrid rocks on the south side."

Younger intrusive rocks
.The younger lptrusions are of granitic _composition

and occur throughout the whole area shown in figure

the basis of their sizey they may be divided into two type

e 1- large bodies such a the Lac Turgeon fﬁh the Lac

vd

Ferland granites;

2- smaller masses, sills and &yke

N . T

-Both types are. very ﬁeterogeneous‘in texture, ranging from
fine-grained to pegmétitic; their composition varies fgom
granite to quartz diorite. In genergk they contalq abundant
inclusions of ba;ement gneisses and of quartzi tes, arkoses,

biotite schists, and amphibolites of the Wakeham Group.



" They tend to be co

1- Large bodies

Theilr relatlsn with the country rocks is
controversial. Cooper (1857) has reporfed that the intrusive
character of the Lac Ferland and thg Lac Turgeon grani tes |is
evident since these exhibit cross-cutting relptlons with the
surroﬁndlng_rocks gnd because large tongues of granite cut
1ndlscrimfnately across both the metgsédlments and the
-me tagabbros. Hauseux ( 1976), on the other hand, has reported
that the contact between\the Lac Turgeon granite and the
metasédlments ijs either sharp or diffuse, and mostly
comformable ¥o bedding but can fvansgress it abruptly. o
'"Sedimeﬁtdry bedd;ng can often be trdcédﬁinto the
neigbbddfing grani te; élsewhéfe, the gfanlte is banded.
parallel to se&imgqtary bedding but is isolated from’the
actual sediments." It should be noted that the Lac Férland
granite is coarser grained than. the Lanfurgeop grani te.

‘

2- Smaller masses, sills, and dykes

°

 \\\\\\\ These occur in the Wakeham Group arbgndrthe Lac

Turgeon gr ite and in the basement gneisses to the west.

ordant to the general or structural

P

trend either.as sills or &s. small masses ;n\the core of
folds of basement gneisses. In ;;ﬁeral. they are more
pegmatitic than the large bodies, in particular a phase of
white muscovite pegmatite often with graphic texture is

common within this group but rare in the large bodies where

it 1Is only found in the border zonee.
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Paleozolc sediments ‘ ‘

Paleozolic aedlnen;s occur in the south-western
part of the Bale Johan Beetz area (fige 7). They are
.represented by the Lower Ordoviclan Romalne Fogmatlon,which

consists of astromatolitic dolomite with a thin basal veneer

of orthoquartizlitic samdstone (Poole gt ales 1970).

4. CHRONOLOGICAL RELATIONSHIPS
' , Uy

4

The oldest rocks, qf the Bale‘Johan Beetz area
xS %

(fige 7) are fh} migma ti te d augen gnelsses. The Wakeham

)
L

Group rests on the migma 'and gneisses; it begins wlth

quartzose schists and 1impurns quartzites with minor pelitlcu
bands folﬁhwed upwards by whlte quartzites which contnln‘
about 10 parcent teldsﬁar andbmlnor Hiotite and muscovlte;
above these, the quartzi tes become fine-grained, dark greyy
calcareousy and may be thlnly pedded and 1nterca1ated wlth
phylli tese. The sedlﬂents are Cut by sills and dykés of
éabbro. Sedimentary rocks\kpd'gabbros have been

me tamorphosed and deformed simllarlye. Basement rocks,

metasediments and me tagabbros are cut by granites (Coopery,

1957; Grenier, 1957).

%
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)

val -

e The degree of metamorphism of the Wakehaﬁ.Grougyls

dlfrlcuit to ascértain=§pcauée of the lack of characteristic

S

assemblages. Hetadorﬁhlc ningfals‘ln the tébrizenohs
sediments ot"%hé ¥akeham Group in the Baie Johan Beetz area,

are: muscovlte. biotite, garnet, ebidqte, chlorite,
amphibole and scapolite. ln‘the crystalllne.llmestone, the ‘ -

assemblaze calcite + diopside + orthoclase has been
. A

described (Cooper, 1957).,Tﬁesefp1acé the degree of

metamorphism in greehfchiét to anphibollté facies.

5\The gnbbf3B vary*frqm unmetaﬁorphosed in certain

pa;fs 6eraé Beetz area (Grenier, 1957), to urallté gabhros
o - "4 ’ &
»wlth the assemblage albite + treuolite—actlnolite, or,

t

'alblte + blue—green hornblende ln 'the northern two thlrds-vf

‘Baie Johan Beetzﬂarea. and tinally to gnphlbollte with the

s

assemblasé ollgoqlase;andeslne + géeen hornblende t N

- : o

cummingtonlte in the - southern thlrd of the 1atter. ‘The above

.1ndfcate a soutb'ard lncrease fron greenschist to mid-‘

umphibollte facies. Thls trend is'cqrrobonated-by

observatlons of Béurne gj al. (1977) who have piaced»the

B e \ te - . N -~ -
metasedlnents of the ndrthern end of the VWakeham basin

e v, i
(L.g-, Aproxl.ately 50 km north of Baie Johhn Beetz area) o

1n the mlddie to upper greenschlst faciese.

— ¢

@t)southvard increase in metamorphic grqde nlso'

- o

¢orrelafeg’v}th thHe styLe of lntrusion of t@ﬁ&graﬂates.
Indeed, truly discordant intrusions occur in the

o

o,
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h

‘part of fhe basiny, for exanple the two granltlc bodies

.Turgeon‘granlte.ito_mostly concordant, sze the small masses

granitese. This alteration is marked by the presence of

mapped by Sharma and Jacoby (1973) some 35 km north of the

Baie Johan Beetz area;,while, in the southern part, the

intrusions are less distinctly discordant, like the Lac

I
43

and sills. A S \
. Superimposed on the feglonak metamorphic trend is
a metasomatic alteration of the metagabbros related to the g
7~ ‘ ' !

3

Ysgapolite and tourmailne increasing-in amount toward the

1ntrus£¥ns. : ' ' )

-
. . - .
t . .
. &
¢ N

6. MINERALIZATION S » ;

&

- \
F}

o ; The‘hor}h shore of the‘Gulf of St. Lawrence 1s8 a

e
34

‘uranium—thorlun metallogenic provlnce, the main known

-,

occurrences are near Sept—Iles, Baie Johan Beetz, Ro-uiﬂ%

and St Augg%#in. The‘host rocks ot uranium and thorium are

.

masses, dyﬁés,tand sigls of granitlc rocks.
Iﬁﬁfhe Baie Johan Beetz area, the main shoﬁlngs
are.located in the Lac Turgeop grangte,’and in smaller
bodies in the vicinity of fhe village of Baie Johan Beetz
and’ west of Lac Costebelle. The U/Th. ratio of the granites
ranges'from 0.1 to 10 with values clustering between 1.5 and°

) ~ N .. 2
‘v f . -
- o L}
‘ 3

-

Within the granites, radloactlvity occ&é?%&{:her ~“4ff

g o n i
o - &

%3
%‘ ’ '
S



. - C137

N

in sna}} pods 0.3 to 30 m in diameter or disseminated over
lahger surfaces (150 m in diameter). On a regional scﬁle.
Hauseux (1976) reports fhat "zones of uraniferous pods lie

in broad bands which are approxlmately parallel to

sedlnentary bedding." This has also been observed by K.

° . -

=4

Schimann (pers. comme, 1877) but only for radiometric
anomalies in granitic sills intruding either the Wakeham

Group near the margln of the Lac Turgeon granlte or the
1

besement gneisses in the ed'stern purt ot the area.

Hauseux (1976) has studied the modé_ot occurrence
of uranium in the_Lac Turgeon grgnite.'Her work has revealed

"tﬁat,utanium minerallzatloq is confined to the plagioclase~

rich granite charact fized by brick-red feldspab, smoky

quartz, magnetite[ a coarse;to pegmatitic grnih size, and

rarer uranium taln.ﬂ She proposed that "the bulk of uranium

o

is contained Within metadict'zlrcOn and spdrse‘mlcroscop}c

uraninite, and also within magnetite maybe as submicroscopic

&

uraninite from which uranium could be’ 1eached and geiacated

in fracture-tllling ma trices."
"
uranophaneshave also beﬁnvreported but they
') X " ‘ . . N
minor amount of uranium.

)
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7. CONSIDERATIONS ON THE ORIGIN OF THE/GRANITES

In thQ'Bale Johan Beetz area (tli. 7)Yy the uranium
o [ Y .

appears confined to the granites. Therefore, knowledge of

their mode of origin may shed light on the origin of the

5

uranium ﬁineralizatlon in this part of the Grenville

“

Province.

i"

genesis arel -~

1- contact relations with the country rogks; ' °
- \ . . M

W ‘ "
2- structural pesitlo;?\\d//’

3= compeosition;

4- type of inclusions.

IS

1- Contact relationg : Contact bifween the granites and

their country rocks 1s"var1nblege}he gfapltes are truly

discordant noeth of the Baie JohnnﬂBeetz area (tlg. 7), less
discordant in the case the Lac Turgeon granite and.mostly \
coecordaht in that of the smaller masses and sillse. Contacts

'between sills and gabbros are usually sharp while those

a

bet&een sills and quartzltes hay_be éradaflenal.
2- S&zgglnﬁgl;nggxllgn :,Emélaeement of the grenites:appeafs
hlghly~deéen&ant on thefsiructure‘and“competence of the’
coqhtry-recké/as they tend to be situated in position of

less resistances. In the metasediments and me tagabbros; the

o

‘grani tes occur mostly as sills between the sediments and the

gabbros, an&,‘ton theeLac Turgeon granite, as a major
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anttﬁbrmal struc ture; in the b&ééﬁent gneisses, they occur

mostly ln\er noses of folds or as sills. The Lac Ferland

™~
Y

érnnlte @ee-s to cut across a synclinal structure of Wakeham
Group rock:\énd,metagabbros; according to Cooper (1957) this
grani te p:edates\fhe Lac Turgeon granite.

3—}§gmng51119n : Averagé mineralogical compositions of the

4

Lac Turgeon and the Lac Ferlanﬁ granités are given below
(t;ble 32 These'comp;siflons are‘com;afibie with
éomposltloné obtuined from the unatexlé otiquartzo—
feldspathlc rocks of mlcaschlsts at temperatures ‘of 6507 to
750°C and pressures, (Hzo) of 2 to 6 kKb (Wlnkler, 1974).

Sy

R . . 1)»
Tablte 32. Average nineralogical composltion of the Lac

Turgeon and Lac Ferland granltes, from petrologlcal study by
Cooper (1957). oo

‘Lac Turgeon Lac Ferland’
Quartz A 25-35 e 25
biotite o 5-15 L 15 B
K-feldspar: 30-45 40 T
plagioclase ., 18=25 . 20

T (Ang e—-17) (Ang¢)

e i e e e e 2 00 4 e e e - —————— - s e e i s 0 s e e

ff Iihg_g;_inglnﬁlgng $ The Lac Turgeoh‘granlte includes
tragmenfs 6f metaga$ers and metasgdiments of the Wakéham
Groupe. The treﬁgency of 1nc1uslon§ of the v;rlous tfpes of
metasediments seems to be cﬁrnélaéeduwlfh fhelb rélatlve
amount in the 'akehun:Grdnp eaé? of it, it should be noted

that arkose inclusions are also present; arkoses are found
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in the Victor'Lake area (Shafma, 1373).~though none have

N

béen described in the Bale'Johan Beetz area. No 1nclhslons

of bﬁsenent gneisses wereildentltied. The inclusions in

L@c Turgeon granité occur in elongated zones reminiscent of , -

- o -

the sedimentary beddinge
/ Information perteining to the genesis of ‘the

granjites may also be gathered frow observations on the

wsﬁrrounding rocks and general geology:

1- composition of the Wakeham Group:
2- .composition of the basement gneisses;

3- .presence and type of migmatites;

4~ metamorphic zonation.

7

-

‘1~ Composition of the Wakebam Group : On the whole the

Wakeham Group is hiéhly siliceous. Certain composi tions

1lkély to yield’large ambﬁnts of anatectic melts, like -

the

blotite schists and gnelsses, form only a small propbbxlon

of the Wakeham Group. Arkosic formations have been reported

in the Victor Lake'area.(Sharmu' 1973) some 35 km north of

the Baie Johan Beetz areay but none hdve‘béen found among

the sedlments of the ‘lattere..

-

for. the géner;tloh'df'largé amounts’ot_anatectlc melt;

Lo

[ . - L : B ;
Beet#‘and Baie Pontbrland.“They‘are'consldered to be

e

_2--9sn225L1L2n_ni_ing_hnasmﬁni_gnﬁiaaga_=°These arepmosﬁli

quartzo—teldspathic gnetsses and so 1déal starting material

. 3- presence and tvpe of migmatites : Migmatites occur in the

ity of the Lac Turgeon granite and between Baie Johan
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injection gneisses and hus a prodact rather than a source

of granitic melt. It should be notdd also that the small

{

gronitic masses and sills are more ablGnadgqnt in theisouthern

part of the Bale Johan Beetz area.

4- ugilmgngnxg_igngilgn : Metamorphism 1nc;eases fro? North

to South in the Wakeham baesin and ranges from greenschist: to

[

amphibolite facies.

A hypotheéis for the formatioq of the granites
needs to account for: ' ' ‘ [&
1- mechanism? anatexls in situ or\fnt usion from a
deeper gsourcees’ R \\
2~ sourée.rock: Wageham Group or.baseméht rockse
l:_ugghnniim H Metamorph{sm in t;e Wakeham‘baéin‘correéponds
to teamperatures lower than that required for the forma tion
of an anatectic mélf, thefefore, tﬁehgran1¥es céﬁld not be
L :
formed_in,aiin o« This is emphaéized by the presence of-
inJection migmatites ogly agd by the abgénce of migma tites
formed by segregatlon of grnnltlc llquid.c
2= Sgg:gg i;gk t The basement rocks have a gtnnitlc
- : P
composlfion and\are a sultable source for 1grge amount of
gran{tlc'melt while rocks of the Wakeham Grbup likely to
yield'granitié melt, are present 1in minothuantities. In.

addition, the proportions of various types of sediments

occurring as lnclusldns in the Turgeon granlite are simitar

~

to those found in the Wakeham Group outside. This makes the

Y
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formatloﬁ of granitle -élf by partial anatexis ;f ault;ble
memb ers of the Wakeham Group; uﬂlikely. Alsoy in the area
(fig. 7), uranium is associgted with granitic material onlYyy
apd no significant rédléactlvity bus peeﬁ reglistered
anywhere in the.metasediments.

The hypothesis broposed f&r the formation of'the

granites is thus: fusion of basement“bocks within deepérw

y

glevéls of the crgsf and 1ntrusion at the various levels af’

which they are now observede.

Y
RS

',- AL o .t |

Eighteen snmplés were collected in the Baie Johan
Beetz region§ their 1odh*ion ls shown on figure 7. All were
chosen from iones of‘;;gn radloactlvlty lndependant'ot rock
‘tybe.-ldentificatlons and petrographic descrlptions for
these samples are given in appendlx IV, .
‘The main constltuents "for all the samples are
quartz, plagioclase, K—;eldspar,‘and often biotlte.
-Muscovlte and garnet may aléo'be present. Minor consfltueﬁts
1nc1ude:‘chlor1te, calcite, magnetlte, ilmenitey apatite;
sphéne. brookltg,_stilpnomelane, uraninite, mdnazlte,
allanlte, tltanobbetaflte_, xen;:»tlme and'ch;:hlté, zircon,

thorogummite, and samarskite.

Phases investlgated in more detail are uraninite,
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titanobetafite, samarski te, alldnlte, xenotime dnﬁ
churchite, thorogummite, and zircon; Apatite is uranium free

in pﬁ; samples, it was not analysed quantitivelye.

1. URANINITE

Uranlnlté4ls automorphous to roundish, generally
fractured, aﬁd occaélonally'hematlzed. In some samples
‘fraétures in the:uran1p1te are filléd by a slightly
greenish, opaque materlul;ﬁspﬁe.gralns are made of this
material only, while othefs ;%e free of ite In general,
_urahinite tends to cluster together ;lth other accessory
minerals such as zircon, monazi te, and'xenotlm;.

fhe_uranlnite has a fairly uniform compositloa;_nb
ioning could be detected. Its constituents are uranium,
lead, thoyld&,‘fare-earths, yttrium, an& minor amounts of

~

calciumy iron, and silicon. Reéults of analyses are 1isted
1ﬁ table 33. Calciﬁm, ;ron. and siiicon-weré analysed; their
content 1is unifbrﬁ from one grain to-anéther: théy sum. to .
0e5=0.7 wt% wpen calculatedlae oxldgéi(Fe203v= 0«11, CaO =
0.38, Si0z = 0.16 wt%). Rare—earth gontent is Loy gné w@s
determined. for two specimens only, those with thé highest
rare*parth coqteﬂfs.'One»is from g;anltic-materl§l (jB-lB).
while the otﬁér is from fracture filling material: (JB=9).

The rare—-earth content is equal to 1.06 wt% in JB-1B (Laz03

= 0.09; Ce203 = 0.21; Nd203' = 0.21; Sm03 = 0.15; Erz03 =
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0.20; Gd203 = 0,20 wt%) and 2.02 wt% in JB-9 (Cep03 = 0.36;
-
Nd203 = 0435; Sm203 = O 40; E!‘203 = 0.45; Gd203 = 0446 wt%).

In the other speclmens rare-earth elements do not exceed 1

wt%_(as oxides ). For our analyses, oxyzen ls calculated

Table 33. Composi tion in weight percentages of uranini tes
from the Baie Johan Beetz region and average correction
factors for microprobe data ('ZAF'). Not included in the
results below are iron, silicon, and calcium oxides which
make up 0«5 to Oe7 wthe )

e~ S e P e D o o S A S - T T P T S > T " A T e W S o D S i S i S W S5 = S5 ===

Sample Y203 REE,O03 PbO ThO, UOaz—3 Total
JB-1A " 1.18 NeD. 11.49 4.56 - 74.46 91.69
JB-1B 1.05 1.06 = 11.49 3.41 " 75.18 92.19
JB-4A 1.54 NeD. 12.72 602 - 71.43 91.71
JB-4B 1-09 N.DO, 13-43 5#19 76006 95.77
JB-4C 0.81 Ne.De. 13.53 5.78 75.80 95.92
JB—6A 1.37 N«D. 13.32 625 - 74.41 - 95.35
JB-6B 0.81 Ne.D. 13.36 5.78 75.80 93.75
JB-TA. 1.69 NeD. 11.75 617 74.22 05.83
JB-7B 0081 - ‘NeDe ‘13021 9.02 . 72.31 ” 95035
JB-9 2.74 2.02 11.74 4,90 75.15 = 96455
JB-13 3.06 Na.D. 12.13 9.11 67.08.  91.38
Y Pb Th U
1 ZAF! 0.88 N 1.20° 0.99 "1.08

NeDe s not deternined | j

stolchlbgetrlcﬁlly for divalent lead, tetravalént uranium,
and anfamount of hexavalent uranium egquivalent to the amount
of lead present. As can be seen, all totals are low; this is
vunllkely to be the result of inaccuracy in the corrections
since  the stgpdards for the main constltuents have
characﬁeristics close to those of uraninitey, e8¢,

\

corrections applied are small (table 33) with the exception



‘which oecurs?;ogéthef“wlth uraninite in samples JB—-4, 6 and
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of lead which has a high ebsorption correétion (1«17); low

- totals are imputed in part to sllicony iron, and calcium not

being included in the totals and rare~earths not being

determined for most specimens; thésé elements sum up to
1.7 wt; or less (as oxides). Other reasons for the low
totals are the presenc; of cur?onaceous matter and perhaps
other volatiles such as helium which may be included in the
grains ;r'nlnérnl struqture, a higher oxlgation state Ior
granlum (and lead?), and hydration ot thd ﬁ{neral. The
presence of carbonaceous mattervis suggested.by the .
observation of an opaque gr;y, slightly greenish material
7-HThat muterial fleldeq little éharactérlstlc radlatlo;
under thé eléctron beame Peaks‘that could be detected
corresponded to uranium, Iend,'and in some casés, fo

silicon. Rare—earths and thorium were not identified. One

analysis of a particularly ' heavy element-rich' zone gave:?

B

| Pb: 0.26 wt%
U : 0.44 wt%

No other elements Qere detec ted.

Age

‘

Calculation of an approximate age for the

-

formation of uraninite was atfempted. Since we have measuréd

only elemental concentrations and not isotopic
. : y

concentrations, basic decay formulae need to be some&bgt

.

simplifled. We know that:

[y

2y
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_Pp206 = U238 (exp(£23%t) - 1)
Pp207 = y235 (exp(i23%t) - 1)
pp208 = Th232 (exp(£232t) - 1)

2

here 1 is the decay constante. Asguming that 1ead

(1)

(2)

(3)

in

\\ninlte is solely of rndlogenlc orlgin, we can wri te:l

2%\= U238 (exp(i238t) - 1) + y23s (exp(t235¢)
Th232 (exp(t232¢) - 1)
The approxi@gte bower expans ion of exp(Et) 1s:

AN .
exp(£t) = 1 + &£t - (Et)2/2 oo

When dates of about 1000 Ma are calculated, an error

about 1.5% is made when neglecting all termns but

two in the right part of equation (5).’This.eqnnt

becomes:

exp(Lt) = 1 + Bt

Substituing (6) in (4):

Po = U238(£239t) + U23S(£235¢) + Th232(123
The isotopic ratio ot 0%68/0235 at present is 137
(Steiger and Jagery 1977) l.ge:

U238

0.9927U

U235

1}

0.0072U0
where U 1s the total uraniun content.

Th232 constitutes the whole of thorium (Th)e

e

Replaclng lsotoplc contents ln 7) by atomic prop

yields:

- 1)

(4)

the Llr

ion then

(6)
2¢) 1)
.88

(8)

(9)

ortlons

1 46

Pb = 0.9927U(E233¢) + 0.0072U(£235¢) + Th(£232¢t) (10)

When t is isolated, equation (10) becomes:

P FR)
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pb 3 '

t = —mmmm——m— = e mm e mm——— e e — o= (11)

U((0.99271L238) + (0.0072t8235)) + ({ Thi232)

When values for L are in troduced, equation (11) becomes:

2

Pp 10190 y ) B

)
s

£ = emm——— g T(12)
1.612U + 0.495Th ‘

It should be noted that wﬂén dates are calculated
“from analyses of elemenés as opposed to lsotéplc
dete;mlnatlons, the follo;lng constralints ;;lse:
1=~ The values obtained\will not take account of

\

possible diffusion of the elements concerned.

2- All Pb 1in the grains astudied must be of radiogenic
origine -

Because diffusion of the daughter product qgften takes placey

P

the values thus calculated, will cohstitute minimum agess
When isotopic ratios are measured the above constraints can

Vv

pe alleviated by the use of cpncordia plotse.

Ages thus calculated for eleven uranln}tés

8

1ié%ed in'fAble 34; A hlstqgrhm (fige 8) shows ti&&g:f

1
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Table 34. Approximate ages of uraninites from the Baie Johan
Beetz region. Detalls of the calculations are given in the
text; Averages and standard devlutlons'ahévpdlculated for
the two populations dlstlndﬁlshedyin filigure 8.

- = 8 e = s 4 T e e s o ey L e o B e e e

. sample age ( Ma)
. JB-4A 1313
\ Tl ) JB-4B 1306
~. / JB-4C 1319
CN JB- 6A 1340
o JB- 6B 1301
\\\ JB-TA 1166
o JB-7R RN 1330
. L JB-13 . 1310
) JB-1A 1146 '
\.JB-1B 1140
‘ JB-Q 1158
) AN
avéerage 1317
standd¥g\dev1ation 14
' AN L -
average A . 1152
standard deviation 12 .
°°°°°°°° et
LN @ -~
- %k T
* : *
*k %k B e g e % -
i » 1 ) WV
1140 * 1240 1340 my

<

Figure 8: Histograam for the ages of uragrnltes

2. MONAZITE

Monazjites are optically zoned and 1nhomoéeneous.
Qualitative investigations showed that‘the,amount of uranium
and thoriqm varied by atlleast a factor ;f two from one
grain ¥; an;ther. Sbanning pho tographs for phosphorus,

ceriumy, calcium, urdnium, thoflum, and lead are shown in

plate 2. The sectionjof the 'grain studléd is included in
A . hY
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L Plate 2: Backscoﬁemd electron (bs) and. elementol photographs -of monazite in sanplé JB-O.

g3
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° biotite. Phosphorus and yttrium have a uniform distribution
as has lead which is pfeaent only in minor amouhts. Ihorlum

: : . ‘ ) ! ' o

and calcium are concentrated in , u’s;.pqtches of calcium

Tepresent apatite which 1s pres. th inslide and outside

, 24

the monazite. Uranium ls nainlyypresent on the border of the

&€rain and nlong_lines that are prolongations of the

biotitel's cleuvnge into the monazite. There is no obvious
. a N '

relationship between the distribution of calcium, thorium,

S

and’uranium. : | L
o K - Two grains were analysed. Both analyses were done
on areas coverlng about one slxth ef the grain with one
corner of the’ area analysed at the center ,of the grain; thus
they‘are approxtmations to the compositlons of the whole
graine. From these results ( table 35) it appears that
monazite is an important thorlun bearer while it contalns
‘"little.uranium (the ria of fhe grain was avoided for
qeentltatlve analyses). The ;reclsion of our analyses for
low onceﬁtrations of lead ane uraniﬁn does not enable\us to
estlnate the age of these monazltes. ‘It ‘should be noted N
however that the amount of lead‘increases proportionally to

y the asount of thorlum (and uranium) lndicatlng that the

grains though di fferent in composlti&q@ vere coeval.

[

.
. S N
) ; . v
X . B : ' LI ‘



optically zoned. The, zonlng is manifﬂﬁhpd ‘by a ditterence ln‘

"colour:
P

‘amall black dusty particles;
‘honazlte,

and phosphorus.
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Table 35. Composi tion’ of monazltes from the Bale Johan Beetz
region in weight percentages. Oxygen 1sncalcu1ated by
qﬁolchlometry.'

a"ﬂw}

Sample JB-1 ' JB-10" ' )
Al203 0.08 0.19 .
\ S10, 1.43 2.46
- P05 29.02 &  27.87 ?
CaO 0.52 QM 3.02
Fe203 0413 . 0.11
Y03 0.54 _\ 2.38
La203 16.29 = 10.03 .
Ce203 31.45 24.66
Nd .03 10.49 11,33
Smo03 ‘ 2405 3.06 B
Gd203 1.14 0.95.
Dy 203 tr 0.56
: Ho 203 tr. 0.65 :
\\\\ PbO 0.26 0.52
ThO, 5.72 13.47
" U0z 0.16 0.59 ,
° Total 99.28 101.85
e e e e e e e e S ————————

P 4

XENOTIME AND CHURCHITE

In_ our sumples, xenotime s 1soﬁ6bphous ahd

o

'qa’,

‘the centre is brOWnish and occasionally contalns o E

the rlm is colourless:-

o
photographs of part wf a xenotime grain penetrated by

Scannlng

wére taken for phosphorus, yttrium, calekum, and

.
o

slllcon (Plate 2), They show unlform distribution of yttriumm
Calcium and sllicon have,patchy

: [
they av@ Yrequently,

)\

distrlbutlons; ‘hough not aliay#,

//
related to each othe$;an# are often present as inclusions in

xenotime rather ‘than as a constituent ot'fhat mineral.

¢’ 4
o

T,
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A more detailed investigation wag coﬁducted by
traverslng xenotime grains and registering elemental

coacentratlon on . a chart recorder. Itbshowed that uranium,

silicon, and rare-earths are more abundant in the centres

whilst rhosphorus, Yttrium, and lron 1ncrease in the rims.
‘o Three analyees;wené dohe, two on one grain, centre

and rim, and one over an area covering about one half of a

grain{ le oy covering both centre and rim materi;i.vlnvfhe
] . B .
[N : v . . )
course of analysis the rim material obvlously-degassed to

)

form Newton rings at the,saane surfaces. Newton rings are

caused by the accumulation of voLatlles betveen the specimen
and its carbon coating resulting in optical lnterference

effects.'rhe results (table 36) all hmve low totals but: it
shopld be noted thnt the.totals decrease from centre to a
mixture of centre plus rimy, to rime. Low totals;cun be
explained a:t least in part by detd’?bratlon of the mlneral

under the electron beam and by the presence of an undermined .
amount of water. Deterioratlon under the electron beqm ls
11keiy as the area analysed becane ‘brown; but deterloratlon

dogs‘not account tbr‘the strong reactlon of the rlm muterialv
relative to the centre iaterial, nor for the gradatlon from.

centreé to rim. It is thus bellevpd that the rim material

congzlns a hlgher nmount of wateﬁy and is composed of

.churchlte‘(YPO‘-ZHzO) ratheﬁ‘%hgn xenotime. Three analysis"

tl

of churchlte lis ted ln Vlasov (1964) shov between 15 and

16 wt% water. These amounts are compatible with our results.
VA )

Whether churchite ‘has: grown on xénotiné or torned from T

53
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n.d.: net detected
2 trace RN

xedotlme as an alteratlon product is unknown.

ditferences between the centre and rim materiel are

s{licon in the former. Dark partlcles rn the centre

not be ldentifled bécouse they were too small{ They

centre,

JB-10( M)

33.15
0.82:
0.02
0.17
nede
0.03

44.01
0.04
n.d.
0015
0.50
1.96

" 4.75

Table 36,
region in weight percentages. Cc=

Sample’ JB=-10(C)

ons ,_32026

sS10;, S 5409

Al 203 0.39

CaO . 0.23

TiO2 - nede

" Fea0s3 C 0.78

Y203, ’ 39.94

La203 . 0.40

R Ce203 ‘ 0.79

Nd203 1. 19

Sma203 0. 60

Gd o203 . 1463

Erz0s3 ‘ 3.85

WOo3z 2.02

ﬁW{IhOZ 4,25

ﬁgngz o 4,230

i "Total 97.72

2.58
0.23
0.54

88.95

i
——— e -

1S3

,Compositlon of xenotime trom the Baie Johan Beetz
M=margin.

JBflS(C+K)

. 31.25

4.24

(1 19‘

0.29

tr.

1.20
34.61

0.10
0.32"

0.25
0.44
1.84
4.06
2.68
5.95
5.18

'szso

.evidenced by the hlgher content of uranlum, thorium

CogposltlonalJ,

S
P

also;
‘Q
and’

could

are,

hoﬁever,‘unavqldably‘lncluded in the anulysLs of the centre

" materiale.
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4, SAMARSKITE ' Y

Samarskite is i'sotropic and does not .appear zoned

under }he microscope. Oualltatlve 1nvestlgation wlth the

electron microprobe, traversln( one grain and reglsterlng

element concéntratibns on a chart recorder;y showed that

calcium, phosphdrus, and iron are more abundant 1n”fhe outq‘_

° Y

part of the grain. whilst rare—-earths, niobium, tungsten,
and uranlum concentrate in the inner partj thorlum and
yttriun are unitovmly dlstrlbuted, lnor varlatlons of

titanium and iron are antlpathetlc. Results of two annljses

done on areas coverlng about one sixth of the grains vlth oY

one corner,of the area covered at the centre ot the grain,
are llsted 1n tnble 37. Composltlons of the two grains are’

gimitar. No lead was detected in spite of the high

~concentratlon of uranium and thorlum. Oun totals dltter from

100 by 2 4 and O. 91 wt% for JB—15 and JB-16 reSpectlvely.
Thls probably cones from hydratlon of samursklte. Indeed .
analyses of Barnqrskltes glven-in Vlaéo&l(1964)1haveﬂbetweén

0.53'and 462 wt% water; theseraluesjare compatible with

our resultse.
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\ Table 37. Composi tion of samarskites from the Bale Johan
fBeetz reglon in walght percentages.
b o _ Sample JB-15 JB-16 <
A\
\~\} ‘{f‘?\ A1203 0.03 nede .
\ $10; 0. 86 0.19
RN PZOS 2.60 0.40 _
o A CaO 0. 78 0.70
Y Ti02 2. 42 262 .
\ Feo03 1,01 0.80
Is \ Y203 20- 09 230 01 i
) \ Nba03 49,60 51.95
N La 03 0. 186 0.05
, \\ Ce 2013 0.16 tr
‘\\ Nd203 - 0. 69 0.82
N Sma073 3.00 0.89
\ Gd 03 1.69 1.55
\ Er203 3.12 3.78 :
E WO3 2.45 2.59
\ ThO2 2.85 3 2.47 v
' \. UO3 6.Q§f/«4 6.65 -

ne.de: not detected'

S. ALLANITE

Allanite ls encoun£§ ed in sampies JB—ll, 15. 16

und 17 and it is a’ major constlt ent of‘sample JB-lS. It 16.

automonphous.und zoned. generally actured. In transmltted
T . . : ;

flghtfthree zones could ﬁe-defihéd: pale green at %he centre

‘1‘of’tﬁe grains, apaque (metamict) dark grgen at the rim and

between thf two, medlum green. The latter, é ﬁof alquyél‘
i

present and offen was very th1n¢ Contacts bet een thcse

;'zones were 1rregular bjgubharp.‘ L

R
and medlum green zones are 111ustrated 1n'flgurq 9.
w3 ) 5 ) ; Voot O oy ‘\> ‘.»4‘ :

o
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Nd Sm Mn Fe Fe

"Ca--Ca Ld ée,

™ K
M8 Ka Ko K@ Ly

P

Mg Al Si

Ka

K Ka Ka

sé;lon of 911anite;

. ,l'-l L1 LI Kq K« _K/!
Specfra in logariéhmic scale for the compo

50

Recorded by energy dispersive spectrometry

\

Figure S.
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-Plate 3. “Transmitted light and. elemental photographs of allanite in sample JB-I5.
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for the zones show that thorium, irony, and magnesium

concentrate in the lntérmedlate zone whilst cutclum and
. . o
rare—earths are enriched in the centre. This is coroborated

by the dlétglbutlon of elements shown in plate 3.

¢
The pale gréen and dark green materlals were

analysed. Both zonesg were unstable under the electron beam

and the areas analysed darkened rapldly. Compositions are

\

listed in table 38; in both cases uranium was sought but not

found; Lﬁw tétals result troﬁ instability of the m;neral
under the electron begm,‘;nd'tfom hyd;atlon.

Cqmpoglfion of the pale ‘green muterial corresponds
to;that oi.allanite. When the gtpmlc proportions'afe
calcuiated on‘the‘basls of 13 (0,0H) for the_general
formula:

(CesCadz (Fe,AlL,NMg)3 Siz0y2 (OH)

.

. the cations filling the position (Ce,Ca) come to a total

lower thah the thgoret1c§l valug. Deer et ale (1963)>ex;1n1n
th; variation of compdalton of{allunltg;by the. two
substitutions: Cg'(-? REE and Al.€-> Fe*2, According to
theée autho;s "thqse‘sﬁbstltﬂtlons are essentially
sympathetlc, the'réplacement of‘Ca by higher valency ions;:‘
Vmainiy of the g}rekearthigroﬁps, requlring a palanclnz
substition of divalent fer trivalent‘lons in the octahedral
fFe,Ai:Mg)‘posltion or‘thevéerCtur§:".Ou}‘resuifg suggest.
that(a‘frqction of the octahedéal posif£0ns remain empty

when trivalent and quadﬂlvaLent.elements substitute for

.calciume Indeed the sum of charges for elements occupying -

a
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this poslition equals +3.84.'¥ﬂ§s compares quite well with

the theoretical charge of +4.00. In this case all iron
except that entering the octahedral position was assumed

trivalent, Atomic proportions and charges exceed the
[ N

cdrréspondtng theoretical values for the octahedral

positions of allanitey fe.gey 2 and 4 respéctlvely. ,

Iyl
o

The dark ( metamict) material is enriched in rare-'

earths by a factor of 3 relative to the pale green area. Its
rare-earth content (36,1 wt% REE,03) exceeds the maximum

rare-earth content of allanite (27 wt% REE203) (Vlasov,

18964) for the formula:

[

(Ce,Ca) ( Fet2,A1,) Si30;, (OH)

‘It contains less sillgon, calcium and iron than the pale
. [l
green allanite. Atomic proportions for the dark zone do not

correspond to fhpse of allanite nor any rare-earth silicate
, .
mineral. It remains unknown whether ltzisv&:sqlid sotuytion

Qr fine mixture of allanite and some other mineral(s); or

single phase. «

{
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Taple 38, Composl tion of one qlldnite grain (pale green and
dark green zones) from sample JB-15 in weight percentages
and atomic proportlions. The atomic proportions were
calculated for an epidote formula based on 13 (0,0H).

—— e —— --——-—-.---————---_--—-_—,----_—s-—_—-—_—————.————“—-———

Ned.: hot de tected

RV
N
T e T s S g T A . < Bl e . ey, < T il D s B ey S . e S <t S oy <t T wy

Zone Centre Rim
Mgo 0.71 2.59
Al203 17.14 15.64
Si0, 31.97 18.66
Po0g Nade 0.15"
Ko0 Nede 0.44
CaO 7.18 2.57
MnO 0.95 0.24
Fe203 1720 10.44
La.203 1.89 8.84
Ce 203 7.50 22.69
Nd 203 4.72 7.09
Sm203 1.17 1067
Gd;_O; 1-51 3. 63
Dy 203 1.18 0.76
Ce203 Nede O 14
Yb'éO3 Nnede 0.12 .
ThOZ 1«71 1. 60
Total 94.84 97.26
. Si 2.98 2.14
P vl - 0.01
sum of Z v, 298 2.15
Al 1.87 2.11
Fet3 1.02 0.90
Mg . 0.11 0.44
sum of Y = 3.00 3.55°
K -. 0.06
_Ca 0.72 0.31
Fe 0.18 -
Mn 0.06 0.02
La. 0.06 0.37 -
Ce 0.25 0.95
Nd 0.16 0.28
Sm 0.05 0.07
“Gd 0.04 O0.14
. Dy 0.03 0.03
" Th 0. 03 0.04
sum of X = 1.58 2.28

N, e > e o s e st o e P S > i
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6o'TITANOBETAFITE

Titanobetafite is rare in our samples. It was * ,:§%'
, » Wy

4 .

nofed only in JB-1, and 10, In transmlitted light it océurs ",
- _ ‘ oy,
a8 metamict réddish”ﬁrown {o yellowish grainse These érains
could not bedfdenflfled microscopically and they required
chemical analysis. QualltatlvevmicrOprobe,lnvestlgatlons
shoWéd that t;e grains_were~1nhomogeneous; but no systematlc
}vafiatLons.or regular ;onlngs were establlshed..An area
covering 80 by B0 square mlcréns was analysed; results are
1lsted4in tablg 39.

The total is low due to the presence of
un&eterélned hy&roxyl ions, Atonlc/;rOportlons wvere
calculated for theﬂgener;l formul#:

' (2—-/)()AeéB-(-6-x)O-( 1#x)0H o
The best value for x is 1.2 in agreement with the betafite
;1nerals whére x ranges between 0.5 and 1.,5. The ratio
ng+Ta)/T1 equals 0.5,"and this v;lue is compatible with
tltanobe{gffte whose’(Nb+Ta)/T1”ratio ranges Setweeh 0«3 and
2.5 (Vlasl#, 1964)s The uranium contentlls high but no lead
;hs‘detécfed suggesting that tltanobeéaflte formed only
récentlyvih our samples or else‘that‘;t underﬁeﬂt_alteraflon
!4th'departu¢e of lgad and possibly soﬁe other elementsf ihe
latter hypothésis appears mo re reatléfjc as the grains of

tltanobetaflte'are,metamlct and often stained red presumably

by iron oxides.
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Table 39. Composltloﬁ of titanobetafite from snmple JB-1 in
welght percentages anQ,atonic pronﬂrtlons- Atomic
proportlions were computed for the general formulu
(2-x)A*2B*(6-x)0*(1+x)0OH pbased on T(O, OH).,The best value '
for x was found to be Le2e )

———————————————————————————————————————— s o —
Ca0 & 1.95 Ca 0.13
FeO 1.01 Fe 0.05
Y .03 1.20 Y 0.04
La203 2.06 La 0.05
C0203 6431 Ce 0.15
Nd203 1.94 Nd 0.04
Sm203 0046 Sm 0001
& Gd203 0.83 Gcd 0.01
Er03 0.19 Er -
ThO> 2.04 Th 0.03
Uo, 23.77 ‘U 0.30
sum.of A 0.81
Al203. 0.67 Al 0.05
810> 5.96 si 0.36
P2.05 0.01 P -
Y Ti0z 25.61 Ti 1.17
NboOs 22.43  Nb 0.59
. e sum of B 2,17
Lo Total. 96. 44 0] 4.8
““" - + OH 202
v, sum: O+OH 7.00
----- i Y v . e — — ———— —— — ——— —  — T oy w—— —

. ' .
& . :

7. THOROGUMMITE

- o o " i o g

]

_ m; . A bright yeilow phase occurs in sample JB-10 as

'

fﬂ@{{ngETbetween grainse

¢

No optical sign could be determined

dpd;fﬁ is presumed that thlsﬂphdée is amorphous. Under the

electron beam,

it deteriorates rapldly in a manner similar

2

“to that of epoxy resin though at a slowerhrate. Wateé-aqd/or

carbon oxide probabiy evaporate during deterioratione. -

Phosphorus counts did not decrease during analysis. The

composition of this phase wag obtained by taking only two




“table 40. ‘ o

c

o ’ R ‘ . ‘ , : o A
counts for each background and peak_posltI§S:iand changghg

B

location at each step of the analysis. Results are Ildtéd\l?

Thble 40. Co-posltion ot thoroaunulte from sanple JB-lO in

’v&lght percontuse and atomic proportions. The latter are

'based og the general formula: Th-(l-x)(%lO.)°4x(OH). The.
‘best valua mor{x-ll 0.17,

_\. : _— . , —
. Kle;A o u1097 -~ Kt ; '0:12 o
Ca0 ' % [ 0,04  Ca - ‘
F0203 - 1. 29 Fe : ;‘ 0.05
; <Y203 ':7.00 Y 019
.  Laa03 0.26 - La = 0.01
C “C0203 0.63 Ce . . 0.01 - P
" Nd203 - 1.06 - - wg 0.02 S e
Sm'203 . ,0. 69 o Sm: . . 0.01 - o
Gd203 0.8 . Gd : 0.02
Erz0s3 111 Er o 0.02
$ woz - 0S8 v 0,01
_ . "ThOz 4229 Th - 0.48
. [ PY © 1136 o . 0e13
L ‘ n . sum of A~ 1.07
- ; 8102 o 15- 05 s 451; X 0.75
P20s , 1.84 P . 0.08
o ~ sum ofdB  0.83
Total = ' 8600 O 3.32
B L . O0H 0.68° )

‘sum: O+OH :4.00

-

L ‘ ’ °

The co-ponitlon of this phase is that ot thorogunmite. The

lov totll 1- duo to doterlqratlon ot the specinen durlns

5 &

cn;l cis und to tho proncnco ot undotorqlnod vntor. Frondel,

(1958)¢ tor ox;-plo. roport- as -uch as 12 wt% vator (Ha ‘)

~
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Because thls thorogu-.lte is load-&roe deaplte its

he

high thorium cnd uranlu- content,~and slnce it occurs as a

//filllng bet'oen:other -1nerals. 1t nust have preclpltated

S

recentlye.

8. ZIRCON | .

‘ e

petrographfcLGXamipatIOn.

> ! o

éblourtess'and_ioned. The

- B

tprms a core’ in grains of

e

”'mlcroprobe studles ahowed

correspond closely to tpe

Y

Az 9
Y. X -
W
‘ 8 ',gf L3 .
3, B A c‘:
. R}# )ﬁ.ﬁmg -
. . <,@j:‘ VA1 "

Two types of szcona were ident¥flied through

T@e'hoét éoni’ﬁ>ié gl;gb;
;fhe,'lga .égph*and occ;sibna}ly‘ e
tﬁéjélrst fypé.‘Qualltatlﬁé f .
thafﬁth¢~b;6vnish ilrcdn;a |

»

wﬁeoretical cohposlflon,(léSiO‘)

v, A W .
- vhilév’thdkﬁképr zlrcondwcontain addltipnul elements,ﬁi ¥
P LA .
" namely: phospﬂhrus, calcium,

sodiuq,

N

‘hafnium énd uraniume.

that 1ron. sodium,

lndependently trom one ancther but 1n a. concentrlc pattern.

In the zoned zlrcons 1t,w;s observed.

cdlcium.

manzanese. iron,

h&thiun,‘und cerium vary

. . . S

1ron and manganese vary sympathetlcally.

w

Tureefgraihs were analyéed,

~and oné from JB-18.-

two from sample JB—8

One of “the gralns trom JB—8 had a

brownlsh core. wlth a clenr margin, both argaa vere analyeed

- g . ‘
1ndependent1y. In all caeeg the area analysed coveredﬁa?oqtﬁ; 

L A
e 1/10 ot the grnln (or coro and nurgin) and an at&enpt yas ahl '
. R . , . i
-nd. to roturn to the ;q-o arcavatveuch stop ot,thg.*v ok
e " S ) . . S @ e )
- . .y " A @.‘ : ‘4}
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analysis. Results are listed in table 41. The total for the

-t
L

Table 41, Composition of zircons from the Baie Johan Beetz

region in weight percentages and atomic proportlons. The -

latter are calculated for the formula?l
ZrO(l-x)(Slo.)‘4x(OH).

T e S S e
Sample "' . . JB-8 ' , JB-8 , JB-18~
) i core’ margin , , T
Naz0 - . G 2400 2.06 4,23
CaO : - ' ' 2409 1.83 . 2448
NnO ; "0.08 0.27 .- 0.10 ' 0.17
Fe203 S 0.21 1.33 -~ 0.50 1.45
ZrOz © 65490 58652 . 59,46 54.43 -
"Hf203 1.48 : T 1.94 1.8t . 1.88
U0, 77 0.08 : 0.46 ' 0,49 - 1.09
sio2 - 33.66 : 31.40 30.91 30.85
'Pz<05 S -"u . . 0.07. . 0«10 -
Total .1Q1.38 _ 98.08 97.26 . 96458
Ca ' = ‘ 0.07 A, 0.06 0.08
Nn - - ' - ' -
Fe = - 0. 03 . 0.01 '~ 04 06
zr ' 0.97 . . 0.90 - 0.90 0.82
U - e - 0,01
sum: 'Zr? - 0.98 . 1602 . 0.90 : ‘0.99
s1 T 1402 - .0.99 . 0.96 - 0.95"
P : L - - . L - . : -
sum: 'Si* " 1402 0498 0496 . 0.95
0> ‘ 4,00 L 4400 ", 3.84° .3.80
" OH. = - . 0.16 0.20
sum: O+OH 4,00 4.00 4.00 4,00
- . ' - D - _.;_;--_

browniéhyconebis ﬁlgh*-hile totals' for clear grains are low.

Hatnium, zirCOnlun ahd sllicon"ere anatysep'against a
Py ‘ :

: ‘zircon standarda thus -1nlmlzlng possible coﬁfoctlon ertors.

Lt is thus helleved that the low total either gefﬁ:;ﬁ\\
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o

. . o
teilure to return always to exhctly the ai.e area in the
C N
. coursge of agalyals, lnaccuracy in the compoeltlon o! the
L3 o
standasrd, or the presence of undeternlned elemente sq‘h as

N

OH (F;;ndel. 1953). The first hyp?thesls is unlikely ae the | (s
areeiswept beceme stlghtiy darker than the rest ot the graln.'
‘-atter a tew"eounts. maklnk‘relocalizatlon an easy task.
fhree ot the_englyses heve~sod1u- in slgnlilcant anLunt-
Sodium doee not,eubstltute tor_slllconqin'silicate -lneralé.
Because the eodlum content of itrcon,vertes 1n-¢
concsntric pattern though 1ttls excluded from the’ -inernl

& : ! AN ’ :”c.»,
structure, it must occur elther asg absorbed nater}dl. such

A

‘ es.Na(OH), ortaa

solution with zircohy such a mineral might be ep@ﬂldyn;te;:
N a“l " .ﬂ ‘ N N .

| _NeBeS_i.ng(é;)H)c

<

129

L

1hetsanplesvtron the Bale Johan Beetz region are
enrlched in nranlum, tﬁbrlum; and rare—earth elenents.‘The

L) matn'-lnenalsbcontainlng.tnese elements are llsted‘belgy

(table 42).

-y ; . .
o N
‘The above minerals nre more abundant ln samples from
o

‘_tracture tllllnc (JB~9) end shear zone (JB 15, 17) -ateriale

than ln thoee tno- grenltic nateriele. It should ﬁe noted

;
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Table 42. Minerals from the Baie Johan Beetz region which
contain uranlu-, thorium, and rare-earth elements together
- with the average contents of the a ove elements in welght
percentages- -
> - . - - ———---Bd" ——————— - = - - - - — - -
S o Mineral U(wt%) - Th( wt%) _REE(wt%) .
. . . e . »
Uraninite 75 —~d 1 .
Monazi'te . 0.3 ° -8 ~ 40 '
Xenotime ) 2 4 ) '8
Samarskite | 6 - ‘ 2.5 . 8
, . Titanobetafite ’ 24 2 ‘ 13 .
‘ : Allani te 1 1.5 17-35 o
Thorogummi te 12 742 11 ‘

hg

-0
[+
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[~2
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+
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. 0
H
]
9
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e d
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p
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[ 1]
= 28
o
P
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N
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®
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o
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poe
o
-
n

R

: ¥l
talllzé&-ut relatlvely hlgh temperature. they are of a
k &

dlfferent tyﬁe thaﬁwﬁqg plﬁchblende—rlch veins of the uasslt

" Central (France) or quat Beag«Lake (N-W-T.). ‘ f.@
} c. ’#’ ‘ (o) . T
e - , : A hypothee%s tor the ganesiﬁfof mineralization in

“q.‘
o

‘the area studied aust dccount fomd e %
N o

ek
. YN - : k 3 ‘ s : :
.- . T ] . . . . : S vl u \-»\-,W- I

. 1= _the,aséoélhtlon*uranlum, thorlum ahd_rake-garth" S

felemente suggestlng a relatlvely high temperature of-

formatkon ch.. correspondlng to pegmatlte deposits

:

rather than hydrothermal veins and sedlmentary

»

e

qeposits, o I o _ : ‘ﬂ

2~ -the enrichment is restricted to rem ilized granitic
: - :
material and she?r zones and tractures thereln,

3= _the dlstributlon of mlnerallzatlon le lndependant ot
o o L 'thp neta-eedi-enta, ' o R ' ‘ e

4~ .the ulniéﬁn age ot 1317 la for mineralizatlon

ylelded.by uraninttes,e: RN ' g

R
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5- a period of recrystalllzatﬁ%n ‘at about . 1152 Ma, as
sugaested by sone uranlnites. ‘ , gﬁ
6~ . the association of carbonaceous matter'ilth

“ \\":’ ‘ ‘ . v . ., s ' ‘ . ' R €
uraninites in mome of the granite samples.

The age ot the younger populatlon (1152 la) of

uraninites is conpatlble with the Grenv%}le Q ogeny as dated
"‘Am\ "

by Rb=-Sr nethods on rocks from thev.‘ glon, 160 Km

nor&hecst %f.uontreal: 1094+ 43 Ma o

:mples trom the St-'Dldace

adaﬁeilltes (Barto ‘”, u1105 Ma on minerals froyrfhe S't.

Inside the Grenvllle Province, the older
pqpulatlon (1317 Mn) can ‘be correlated with anorthosi te and

o

1 _ . ’

associated. ‘more a.cid.lc. lntruwmand qlso_, vith some
netasedlﬁentaﬁy rock s. Indeed ag;s ranglng from 1050 Ma to

1480 Na have been; measured on anorthosites’ and associated
‘ o
acldlcurocks ('ynne-Edvards, 1976)..vh11e ages of about 1300J¢ .

: were ob%éined for soge metasedlnents. 1307 MNa for sediments
!% ‘-%%0 . ’ ’ ot -
from the Haetlngs Basin (Brown et gl.. 1975); and a probable

age of 1307 Ma tor the Lake Quinn tormatlon (Barton, 1971
The -ost llkely hypothesis 13 an enrichment in the
renobllized fractlon ot the hasenent gnelss produclng the

granites'ﬁb’agout 1317 ua,_wlth preferentlal concentratlon_
b : 3 .

i'ln,xrnctures'andzeheor zoneq duang the cooling stages. It
“pabpea:s fhct_leacvvae‘reteine& in, or ‘not COmpletely

w

v W - v e ‘ '
Tt IR T L



g < 169
\
! [}
) lj.‘» ) ‘ . . .
expelled from, the uraninites during the agbqeduent '{r

Greﬂvllie Orogeny (1152 MQS. The stabllityﬂot Gﬁgnlnltes

o

during the Grenville Orogeny might explain the'aap&peng' ’
abdéﬁde'ot uranium and thorium in the metasediments
. * " p . . :
dVerlylﬁg‘and intraded by the argnités. Jq
a . - .

v B o
RY v .

-
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L
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1o LOCALIZATION )
‘'’

This locality lles.ﬁith;n northérn Snékafchevgg,

‘about 80 km northwest of La Ronge, and occupies part of . K
(flg. 10) is part of the Churchill Prbvlgce. in the'so-‘
. . - * ~ -

ﬁr o @’ cailed Woliaaton Lake'told‘belt‘(lgney, 196§)
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" Fig. 10 Geology of the Duddridge Loke oreq, Saskatcnewan ~and location of the sompled zone,
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2. PREV;OUS WORK
9

Mapping of the area (fig;~10),was‘pertorued on a
* scale 01.4 mitl inch by Frarey (19503,‘on a scale of 1 mi:1l
.1nch Sy Méney,(1965,‘1967). and at a scale of 2 mi?tl inch by .
Munday‘(1974a.b);\Thg geology of the Wbllastén Lake Belt has
been‘sﬁnmartzed'by Noney (1968) and by Money gt al. (1970).
The geologlcal setting of the uranium mln)eral.lzﬁatlon 1{1 tt‘t
‘phrt_of i%g Bé@t situated in northern Sasﬁﬁtchewan husjbeenk

rei&@wed by_sipbaldﬂgj ale (1976), and more specifically, a

rain t

~quflpf;‘gedla geochemical survey of a boulder t
, . . : } .

- asgociated with the Duddridge Lake uranium depqslt was

pndértdken by Haughton (1976 ).’

B Radioa¢tivity in’ the Wollaston L PBelt was first

. o ’ o \ Sy o -
- noted.in 1952 by geologists ofiEldorado Mining Corporation ¢

.in the Foster Lake area, about 130 km northwest of Duddridge” >~

Lakees In 1968, a drill hole southwest of_wbllaston Lake,y - .

. ~ Ty
about. 920 km. northwest of Duddridge Lake; intersec ted some o
, . - ! . ‘ P
promising uranium mineralization |(Money El aley 1970). “'(“_,
Activity was renewed in 1974 when uranium—copper . \\\

l‘ . \
mineralization was discovered in a bovlder train 1500 m long .

and 40 m wide on the west side of Duddridge Lakees Later, in

the same field séaéon, uranlum_nlneralliation was found in .
"y S . ) ’

part<of the underlyling bedrock, namely. quartz-pebble

conglouérate'(lunday, 1974a ). Folleowing this di'coveny; a

coﬁtlnuous zone of fa¢1oact1vityyvassodlated with the

R}

quartz-pebble conglomera tey, was fraced ovér'; 40 km dlstaﬁce
s . . . 3 . e "

LY - . o e o
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. , - .
from Duddridge|\Lake on northward to Meyers Lake (Sibbald ot

’
%
i

alkey 1976). Thiis property is now Held by the”Eiploratlon \

Company end Noranda Exploration Compuny Limi ted. Speclmens‘
of typical rock) types of the Duddridge Lake area were kindly
supplied to the|author by Dr ReA. Munday ( Saskatchewan,

Department of Mﬂneral Resources).
o

3. GEOLOGY
i
i

The Duddridge Lake area (fig. {0) is part of a

me tamorphosed sedimentary basin. Its principal components
’ E-)

4

are granl?lc gnelss ;nd sqpracrustal rocké with variable
éroportloqf/pt\bgglc 1nﬁruslve r&cks,;all ?f whlch are cut

by pégmatlteé and pﬁrtty covered by gldclal deposi ts. The
lithological units that hdve been recognised in the field by

Money (1965, 1968) and Munday (1974a,b) are given in table )
43. \ ' | ) i

Granitic gneisses are enco;;;eréd in' the
northwéstern ahd southeastern parts of the map area
(ftige 10).vThev§estern granite is continuous into the
subgranullte‘fﬁcies sequence west nythe present anea, L‘g°?v
in fhe.MudJatic,domal;.(uﬁn@ay 1972.»19735 Pearson, 1872; |

# o R f R
Slbba}d,‘1973). It is constituted mostly of quartzo- ¥

.

et

. ) N
feldspathic gneiss of granitic to granodloritfc,compqslt&on, A
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andy in general!‘lnnh.dlgd-"to conrse-gpalhid and

e

equigranular with foliationd¥hat is elther Wweak and
F AN

irregular or elgp absent (loﬁey, 1965)¢« The eastern granltic

)
}

rocks are locafed east dt.the Needle Fdlls shear zone in the

>

‘so-called‘gottenstonb domain (Mﬁnday. 1974a,b). Its

Y
’

composi tion varies between granodiorite and quartz diorite,

o *

ranging to quartz monzonite. It is, in general, medium- to

coarse~grained, equigranular with foliation that is either
A}

-

weak and irregular or eise absent. A porﬁhyroblastlc variety

B -

. L7
is present at the contact';ith,mlgmatIZed supracrustal

rockse. . , ‘ .

Supracrustal rocks -

, .

The supracrustql rocks occupy the mein part of the

ﬁap area (figi-IO). They are conpoégd essentially of o
ueinmorphosed shalesy, arkosic arenites'and_géeyvacke“vlth
variable proportions of basic¢ -etavolcgnlé rocks. According

to Sipbald ging. (1976),'the‘mg1n units underTY{&EMIPé ma p

area are: ‘ . - .
ere < .
1- a clastic unit best represented by thick

Y

'metAnorphosed conglonerate;quartzlte—hrglIllte'

successions (éprresbondlng to the Meyers Lake an& i
! . . ! B ‘ .
" Sandfly Lake Groups of Money (1965) and Money ot al.

(1968); B -
o T :

“ﬁf(ad,ﬁetém“?ﬁhoséd pellt;c to semi-pelitic unit which .
is often graphitic and locelly displays .

o 2 . s . y 'Q - '
‘intercalation of calc-silicates.. This correésponds to

»
'

T

‘\\) o ‘ | '"ﬁ[;. m; .

[ e

L
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k e . . s . . ! | Q A4
the Daly lake Group of Money (1966), : - ' ﬂf
‘ N J)x v g D o
roe 'leta-orphpsed.gdbbré or epldlqt?%ﬂ fp@hs,émall‘

podies 1ntrusiver1‘%o'the supracrﬁatal rgdxgarit'is a’

ﬁed;pn-'to coarse—&rcinedwequ;granalar and”naséivp unlt'(uv//
(Money, 1965). S x _— e
& ' A - o
Pegmatites and guartz veins ) -
. Pegmatitic sills and lenses are common %hroygnout

S

the Duddridge Lake area (fig. 10). Bdthtéegregatlon‘apd

lntruslve'types have‘beeﬁ identlfled (loney' 1965)-ﬁf(
Segregation pezmaf;tos occur in hiotif;—cordlérite— | ////? | w“d
"sillimanite rocks of the netapglite; Qﬁar;z veins occur‘,
mainly west of S;ndtl;'Lake,‘and p;obably fepresent thei
- youngest rocks of the.areﬁo
These cover &bout ZS*WOf‘@he%mgp area. Ureniferous’

‘quartzite boulders have been Q6ted weat of Duddridge Lakes
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" 4+ CHRONOLOGICAL RELATIONSHIPS : 2 . 3 /’;>

TIEN

o x « -
’ Chronological relationships ds8 established for the
map area by Money (1965) and Money gi/hl., (1968) and'ﬁg

"
N .

‘iunﬁgy (1974a?b) are cohpangd in table DL-1.-In the light of

a synthesis study of the souihern’partsoi'the Saskakchev&n

Shield, (Sibbald gi.gL;. 197@). it appears that bqtﬁ‘

-

eastern
and western granitic bodies belong to the basenent‘ddqlss,

Thé.Lower‘clastic unit lies unconformably on the baseme&é

gneiss anad is overlain by the pelitic¢ to éeml—belltlc ugix.
: ’ S Cow g .

. . . ~.

b )
P Ay ::" ;0 . B

S. TECTONICS AND uéiﬁuoﬁPglsu“““'
: : ST
The area (fig. 10) is crossed by the north-

- .

northeast trending sheﬁszone'refered %o qs the Needle Falls

ik

Shear Zone. Intense shéaring/qnd 1du1tlgg is evident from
the presence of myloni tes (Munday 1974a,b).
On a large scale, the wap afea 1s located on the .

éeastern margin of a sedjmentatlonfbagln'ﬁoﬁpbsed esséntlally

¢ a ?

" of an Archeen basement overlain by Aéhéblan seédimentse Two
iaJor thermal events have affec ted the'ﬁésln wneé.“The'tirét

preda tes tﬁg forma

/.

tion of:the supracrustal rocks and is

> K

characterized by metamorphism of th,
Ea I3

gneiss®. Thé"second event,. of Hudsonlila gﬁe, is

;

characterized by retrograde

3

R A s ;
basement and.motamorph}hﬁ/'f,t sapracrustal rocks,

177

5



‘called pelite—pegmgtif7s (Sibbald

178 -

’

accompaﬁleq~hy ltocal remobilzation and intense deformation

. e /o
in a nortkéastvardly directione. ‘

V4 ¢
!

‘ In the map area, the grade of me tamorphism
L ) ;e « _ .
increases yeetvard from lower amphibolite to lower granuli te

v

w . - . P

facles v ‘ S . o

6+« NINERALIZATION: summarized from Sibbald et al., 1976

PR ) 4 R
Uranlﬁm—, cobult-;‘sllver—, gold=-, copper— and

N

vanadium-mineralization has Qeéﬁ reported for the map area.
Uranium mineralization was félnd in boulders of feldépathlc
quartzite and in quartz pebble conglomerate lying

unconformably on the basement gneiss. It has been sald to

occur as pitchblende, uraninite and tyuyamunlte.“
Other uranium occurrences for the southeastern

part of the\Saskatchevan Shield have been associated wlfh
remobilized baseh@nt rocks’(in plnk granites and
7

leucogranites) and with supracrust

rocks (in calc— -
silicates and in pegma ti tes withlh graphfitic gneiss: the so-

»

n_l_.' 1976 )).

N 7

I3
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'The source for uranlum ninerallzatLon appears to

4

lle in basement gneiss. Through the hlstory of the reglon,

uranium ls concentrated both in renobilized parts of the.

gneiss and in its heavy >1ast1c erosion products.

- 4
!

l..Ten~samples from thé Duddridge Lakerregfgh
) : : 4
v(supplled by br ReA. Mug;ayl were studied., The rock types
and petrographlc descrlptlons are glven ln appandix IV. The
-aln minerals ‘are quartz, plagioclase, -teldspar, biotite
occqslohalty aééomﬁnnled by garnety, muscovite and eplido te.
Minor coﬁst1tuents aref ilmenite, chglcopyrlte, pyrite,
magnefi%e, zglélte, sphene, rutile, calcite, apati te,
arsenopyrite; éobaltite, saf!lorite uranini te, monazité,
‘Jcatnotlte, 'bfannerite',JTi-V compounds and a U-Pb-Si phase.

The spéclmens are weéthered and stained yellow and red by

uranium and iron alteration products ‘and in one casé (DL-8),

!
[

‘by cobalt bloome.

Our analysis centred on uraninite, brannerite, U-

Ti-V compounds and the U-Pb-Si phase. Otheé® minerals likely
to cdntain uranium were investigated briefly, they are:

apatite)'rutlle and monazi te,

t
ks

SN
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1. URANINITEﬁ

Uraninite was laqntlgig& in ;amplos pPL-3, 4. S and
6LIt'1s fin;-grnined (aboutIO-Ol ;m),vdccasionally
automo#phous aﬁq Aitéred- Alteratlon 18 manifested by the
presenceloi’red stalining, cracks’a;q a soﬁty aspecte. Sample
DL-3 contained felatlvely fresh uranini tee. fhls,vhowevef,
h@d a sooty aséect, ald not polleh:;ery wvell and released
volat%les o; oil'ﬁnder thé electronjbeaﬁ, as evidendéd by
the formation of interference rings. Yhether the volatile
material quboriglnaily trappéq-ln thé'm;neral oryvas oil
absorbed during polishing is unknqrﬂﬁ

Eight graigg'were analyse;. They conf;in uranlu#
lead and, in lesser amounts, silicon, calcium; yttrium and
rare—earths plus, preé%nably. oxygeﬁ. fftrlum‘and raref
earths were a;termlnedAfor one grain only. Vanadium and
thorium were souéhtibut not Iound, sulphur dla not exceed
0.02 vt<$..Compqslt1§ns and Averagg correction factors are/
listed in table 44. All eight compositions are very close.
it is, thefe}org, believed that‘thé yttrium and ra;::::;:;\\
content s determined in one grain are a good uppr{?imatbon
‘f;r'all.of the eight grains. Totals are low even when
yttrium and rare-earths are accounted fore This results from
the sooty,'porous nature of the uraﬁlnlye‘vhlch contalns
volatile ele-e;té.or compounds and the t;ctxtha; it dld‘not

polish as well as desired for microprobe analysis. .

‘
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Table 44. Composlklon of som curaninites from sample DL-3 of
) the Duddridge Lake region in weight percentages '‘and average
correction factors for microprabe analysis. The Uo,/U03
N ratio was calculated to compensate for the liberatiof of
‘ oxygen assuming that PbO is produced from UOz2e Correc\tion
Q factors do not vary by more than 1% tfo- the uverage
each elenent. :

5102 CaO .« TiO2 PbO (REE+Y )03 Total
‘ . - \ - ' - )
0. 64 0.29 0.13 16.66 NeD. ' 93.65
066 0.56 0.13 15.92 . NeDe 93.38
0.96 0.50 0.07 ‘1547 . NeDe 93,13
0.53 0.55 ~ 0.09  17.53 NeDo 94,21
0.58 0.31 " 0e12 16.36 " 278 96.86
aver;ge ZAFACOrrectidn factors o =' . b
Si Ca Ti . Pb u '
1.00 0.88" 0.87 ~+1.18 . 1.06
NeDe: not determined 4 '
\Johrinoramermnine S— T — S—
\\ ~ -
’\_,ﬁ ’ 0
- /"/‘
- os ) Lead to urahum ratios yield an average mlnlmum:_
—-u:\ . . , )
\ i age of 1649 Ma &;axlgum value of 1772 Ma). Detailed results

‘ $\\\\\ "are given in table 45 and the mode of calculation has been

explainqg in chﬁpter V?I1

| . Cumming and §c$tt (1976) have summarized
.geochronological resﬁlts‘anh dated.rocks,;rom‘the Woliaston
Leke Belt:. They auggest'an Age of nbout\?éSO Ma for the

granites and some sedimentation as old as 2100 Ma followed

[y . .
“ﬁﬁwby regional metamorphism around 1850 my; a later less

{pgonéunCed metamorphic pulse might have taken place between .

v

\““:v‘v, < ' - ‘
1750 and 1700 Ma and; finally a period of metamorphic
-activity and pegmatitic intrusion occurred around 1550 Ma

B
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Table 4S5. Age calculated from the lead to uranium ratlo of
eight uraninites. ‘ -

Pb/U (1in atpnlc proportlone)
02697
. "0.2568
0.2493
0.2857
- 042547
02719 =

0.2644

. 042785

average age 1649
standard deviation 74

- ———— e ————. Y o " T W —— A

agoe

The average date of 1649 Ma“(wigh qymaxinum value
of 1772 Ma) éﬁtaine& ffom our samples éﬁigesi that_ﬁranium
mineralizatidn has o;c&rred prior to the'laté period of
pegmatlte lntrusion. The.uranlnltes have crystallléed (or:

recrystalllzed) during the' metamorphlc period dated at 1700

to 1750 Ma.

2. "BRANNERITE'

( . .

B

J
In thin section under retlected Light,

'brannérlte('appears a8 roundish grainse Tbese are coloured

.

in various shadequf grey with s pa tchy aqpeqt'and sometimes
have ove;growths of\mqgnetlfg{ they ere surrounded by a red
: ' i

rime Petrographic study combined with micropirobe work showed

that grains of 'prannerite! are inhomogeneous; they otten.

2 e bl B R R

<

=P S R~ 2

N,

JomZ
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include ma jor rock constituents such as quartz and feldspar,

and also uraninite and one of the titanium oxide mineratls.

The rim l1s coloure¢ by iron ‘oxide and compélses fine
! © :

particles of uraninites- it egﬁehds inté the minerals

. C /‘ .. .
surrounding“'branrerite'g.A photograph in reflec ted light
. . , . i ‘

and microprobe photographs for backscat tered electrons and

for the'maln

v

. ‘P . . 5
constﬁtuents, titanjum, uranium, iron and lead

(pla%é 4), illu 4rate the above features. The ) 12§4ﬁ*\

7 S : ~

¢
s

ph@fémlcrogr h shows 'brannerite! in pald‘grey)surrou' 

e
Yy a darkg( rime The dark grey spot 1ncluded“1n *prannerite!

potdhslé feldspar. Microprobe photographs were taken for

r\f e lower left portion of the grain. The backscattered
el\ctron photog;aph is of three shades corresponding to
fhf\e avefage atémic numberse.e The dark bgpq is located
outsiide the tbrannerite' grain and theAlgrge\durk~5p6t
represents potaééiq‘feldepar; both can be segn 1n fhé,x—ray

scannlng’phb%ographs} The small dark spot;ls one of the
) . B & :

@

titanium oxide minerals, it éorregponée/%o the white spot in

-
¢

" the titanlumlﬁistribptLOG photoiraph: The pale grey aresa is
. T . F

“tprannerite', which also appears pale grey in the ti tanfum

.

and uranium distribution pho tographse. Iron, however, is

vari&ble. Finully.ufaninlte shows up as white a;;as 1h the
backscattéred electron and uranium photographs and as dark
areaé in the titanium photograph; Lead is associated vlt&
uraniume. B

It was not posslble to ﬁbtain a good quantitative

analysis representative of the 'brannerite?; nevertheless




reflected light (x10)

, ~ Ca §

« 0 50 00 |
. microns Co

Plate 4 : Reflected -light, backscattered electron (bs),' and

'brannerite' in sample DL-5.

|
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three grains were analysed avoldlng inhomogeneities as muc h
N ' ‘

o -~

// aa‘possible. Reaulté are listed in tdble 46. The compounds
v may be hydrated to a small extent,. The“analyses show an
antipathetic qeldtionéhlp be tween ukaﬁkhh and iron, and
between vanadium and titanium. Thorium w;s,éought lﬂ all
three gr;lns and found‘té'be absent.bThe 'branneri tea' of
Duddfldge Lake differ from those reported in the literature
(e.g.y Ferris and Rudd, 1971 ) by the absence of thorium;
thelrllow uranjium to titanium rﬁglo is combaragie‘vith the
brannerite frog Blind River (férrls and Rudd, 1971).,

In thothddrldge Lakexgamples,/lé/ls felt that
fbrhnnerl;e' vas probably forpedyep1q9ﬁ;¥1cally as the
result of incomplet; !branneritization? of ilmenite by

hexavalent uranium 1n.solutidn.:Thlsaprocess combines

"

réduction of uranium and oxidation of lfon. It was ha

incomplete asg evidenced by relics of titania,. Subsequent
leaching may have contributed +to thé low U/Ti ratio of these

i e

phases. The red staining and occasional mfgnetlte foundhwlth
'brannerite?! are the products of iron oxld;tipn. This
process is similar ;o the one proposed by‘Fgrrls and Rudd
. (1971) for the formation of the Blind River 'prannerites!.
Ilmenite sometimes occurs in the same sSpecimen as

brannerite as intersti tial blades; these are pfobably a

second géneration of ilmenite. . oy
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Tabie 46. Composition of 'brannerite! from the Duddridge
Lake region in weight percentages and atomic proportions
calculated for six oxygen ions. '

DL-4 DL-S(A)  DL-S(B)

R Al 503 0.27 ' 0457 0.49

¢ S10, 3.37 © 3.57  ,2.86

P20g 0.19 0.08 1.18

CaO , 0.49 0.29 0.50

Ti0, : S0.64 48.84 38.27

V,0s - 1e14 3.96 . 7.06

Fe 203 5.14 _. 6.60 2.95

PbO 6.21 - 8.72 5.77

3 vo, 31.00 24.21 39.82

To tal 98.45 |, 96.85 98.90

Ti 2.13 2.03 1.85

v ' 0.04 0.13 0.23

. sum: *'Ti' 2,17 2.16 2.08

]

Si 0.02 " 0.03 0.03

Al 0.19 0.17 0.15

P \ 0001 © - ‘ 0-05

Ca 0.03 0.01 0.03

Fe v, 0c21 0.4.0 0.17

Po__——  0.10 0.10 0.07

‘ U 0.38 0.25 0.44
N sum: *tU* 0.94. " 0497 0.94
o 6.00 6.00 6.00

- — -—------——-——--————--.----——_-—---—---—--—-—-

i
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3. U-Pb-Si PHASE

In samples DL-2, 3, 4 and 6, a yellow phame occurs
as fillings, in small clusters and as a coating on voath,red
surfaces. It is often amssociated with carnotite and, mére
rarely, with uraninlte. It is obviously a secondary mineral.
Some optléal propeﬁtleswwere measured and microprobe
0analyses are done on two grains; no X-ray pattern could be

o6btained because the grains were very small (26 mi¢érons),
and difficult to separate'tro; carnotl te.
ed :. These were difficult to measure because
ot tﬁe\small size of the grains and thglr asgsociation with
carnotite, Characterlsti;s measured are:
colour ; pale to medium yellow in hand
specimen and in thin section (in
transmitted light)

. A

first order

birefringence
refractive index 7 : close to 1.633

biaxial positive

sign

2v

10-15%.

Compoglition Con§£1¥uepté identiftied through microprobe
scanning are: silicon, lead, uranium andy in minor amounts
only, titaniume In plate S5y a backscattered electron
photograph showé the shape of one grain (pale grey) and

scanning photographs for the main consti tuents show that

these are uniformly distributed. The U-Pb-Si grain thus



T un

'nntltuten a oingle compoel tlonal phame.
Quantitative analysis of two grailns {ncluding the

one shown in plate § are reported in table 47.

Table 47. Composlition of a U-Pb-S1 phase from sample DL~3 |n
weight percentages and atomic proportionm., Water s

calculated by difference and atomic proportions are given on
the basis of two uranipm ions.

. wt% , ate prope.

grain A B A B

S10; 12.56 11.85 Si 1.90 2.00

TiO, 0.60 0.35 T1 " 0.04 0.08

PbO 19. 14 19.23 Pb 0.82 ' 0. 82

Uo3 60.09 60.41 U 2.00 2.00

H,0 7«61 8.16 (o] 10.70 10,98
HoO 4,13 4.02

. ﬂpsults for the two grains A and B are very cloge.

They suégest a formula of the type:
(PbyT1)U2S120;,°4H20
/ when titanium is grouped together with lead or, -
PboUg( S1,T1)50,7°20H,0
when titanium is grouped together with silicon, It ié pot
poéslble at this st;ge to give a definjite formula.

%o

The composi tion and opticai properties of the U~

Pb-Si phase are unlike those of any known uranium minerale.
This phase is a new mineral which remains to be better
defined preferably frdm a sample taken jin gitu rather than

from a boulder.



e j

| po Si

. o _ . microns. . - o
Plate 5 Back-scaftered electron (bs) and elemental photographs of 'U-Pb-Si'

phase in DL-3. T T

’
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4. Ti-V PHASE

P

190

Smbll grains 10-20 mierons in size, foundish to

dianond'shaped an&'vlth : tlectance of about 18-20% in air,

occur in s%ﬁples‘DL—lra d 8. Two analyses, one'ior each

sample, were carried outs Results are listed in table 48,

Table 48.
and atomic proportionse.

=

sample
LAl203
Sio>
P>0s
CaO
Ti02
Va20s
Fe203
As0g
PbO
. U0,
Total

DL-1
1.78
2.80
O.11
0.29
45.12
30.61
$.63
nede
1.50
2.72
90.56

wt%

nede: not detectec

DL-8
1.78
2.86
0.31
0.95
43.57
36.11
3. 86
2.62

2.27°

2.19

- " —————— v — — ————

Al

S1 .

Ca
Ti

Fe
As
Pb

Composition of a Ti-V. phagse in weight percentages
The atomic proportions are
calculated for a total number of cations equal to

. at prop.
DL-1 DL-8
3.23 3.12
4,32 4.23
0.14 0.39
0.47 0.39
§2.48 48. 54
31.25 35.34
655 4.32

- 2003
0.61 0.92
0.95 0.72

Cations for these two analyses can be

.together according td/lonlc radii, valences

. numbers. The simplest groups possible are:

)

!

leading to a genéral formula of the type:

A

B

N

As + P +

"T1 + Fe + Ca + U + Pp

XAe 3’( BO. )

V + Al* Si as RO,

grouped

and coordination

<L

radicals



\
.
,’/

! where X

\f’{ : v
6106y, y =
and, ﬂ_# $4o89' y

—

38. 94 tor the grain pl-1

[l

1
!
.
1
[}
!
t
1
Y

45.11 for DL-8

Y

I3

~

Proportions.of A and B will be

conslistent for the

-

two samples when vanadlun 13 dlstrlbuted between A and B,

4

1-2-1 when it occurs not only as the radlcal VO"3 but alsé
as V¥3 4n substltlon for tltanlu- and 1ron.

For exampl e, a’

i
o
i

'shift of 6.17 vanadium ions from B to A ln sagple D1-8

1
¢

brlngs lts x and y values equal to those ot sample DL-l.

When the analysee are expre?sed as xA-y(BO‘)' charges do not

balance unless oxygen (or any element of negutlve charge) is
added and the analysis wrltten as?
or,

+

(Ti,Fe)ol 06 (P'VpAl Si)ge 9a 0209 723 for DL‘I, and

L
v

(TisFe,V*3 )63 06 (P, V¥5,A8,A1,Si )38, 9¢ 0209 29 for DL-8&
more schematically:

(Ti,Fe,Vt3)g(As,P,V¥5,A1,51)4°02,

silicon,

1ron,

Both grains have very similar compositions though sample DL-
vanadium compounds with significant amounts of aluminium,

1 yields a lower total. They are mainly titanium and

lead, uranium, and, in DL-8, arsenic,
calcium, and phosphorus. .Thorium, fantalun and niobium were
sought bu* not founde Low totals may result from the
i >

presence of lightqelements'
ﬁy¢rogen,

'

such as carbon,
the same area at each step of the

bperylium and
and also from failure to return always exactly to

°

-
analysis.

~

The atomic proportions of this phase do not
Al

correspond to those of any mineral listed by Fleischer




192

(1976 ). Nor arq&the}elangfknown'ilnernls which have both
ti tanium and xanadium as‘maJo; constltuents;‘uore ;horopéh
studleé are needed to detln§ this phage which appears to be
a new -inéral. As in the case of the U-Pb-Si phase, such

studies should preferably be carried out 'on well. localized
‘ \\ ’ ‘ ' ’ e

“ o
samples.

- ¥
L 4 ) .

wSc RUTILE

This mineral occurs in most samplgs. The uraniuam
content of rutile was verified by analysfhg‘one grain from

sample DL-8. Results are listed in table 49« Thorium and

i
i

Table 49. Composi tion of rutile (sample DL-8) in 'elght‘

percentagese. : ~

Al203 1 0.07

S10> o 0.09

TiO : 95.58

V203 o 3.57

‘ Fez03 | 0.20

‘ Uo, | E 0.53
: Total . 100,04

———— - i — —— — -

niobium were sought but not founde The total is almost 100%

B s I A

and the analysis appears excellent. The uranium and vanadium

contents are high when compared ,to analyses reported by Deer

-

SR

et aley "1973. Indeed for six rutiles the maximum value for

vanadium is 0.26 wt% whilst uranium is not mentioned. Rutile




in the Duddridge Lake region thus,neflqcts'themféééii

mineralizatione.

6. ZIRCON

.0
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Zircons are zoned and abundant in sample DL-10.

Comboeit{bns-tof two grains are given below ( table 50).

Uranium is present in zircons only in very lLow:

concentrationse.

)

~Table 50. Compositions of zircons from the Duddridge Lake
region in weight percentages ‘nd ‘atomic proportions. The
latter are calculated for £8r oxygen ions.

DL-1 DL-10
Ca0 0.02 0 02
F2203 0.03 0.39
Zro 2  64.96 66517
Hf 203 0.57 0.79
~UO2 ' 0-.190 V.06
S10, = 32.24  32.71
Al203 0.01 0.01
TOtQI 9709 100 -15

— - —— . ————— - -

-

Ca
Fe

" Zr
Ht

sums
Si

Al
sum:?

1w

s

- — —— -




7, MONAZITE

o

lohaittes were identified in samples DL-5 and 7;

they,&ré zoned and not abun&ant.'

194

)

No complete analyses were _
: : ° B

done put thorium and uraniuu‘contents wara'eetimatedlby "

comparing coqu rates (pé@k minus
monazites from Bale Johan BgetzA
Sli Clearyrv-ondzite is enriched
uraniume ﬁd;evér, all monazites £
do not have thorium hnd‘uraniym c

listed in table DL-9, since they

si z‘e..

)

Table St. Thorium d@d uranium wei
monazites from sample DL-10

background ) with those of

Results are listed in table&
S ] ’ o ™

in thorium rather than in

rom thesé samples probably

ontents close to those

are zoned and variable in

ght percentaﬁes in two

--------- — R A G T S - S ——— -— D W — 'm;#\ — - -— ——
: Sample Th U
' DL-10(A) 5.53 _ 0.34
DPL-10(B) 5.91 0.33

—— o ——— — — — - —— - —— - - — —

1Y
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‘Be APATITE

Apatite Is a possible host for uranium.

195

However,

in the. Duddridge Lake area its uranium content is nil or, at

e

any rate, below ‘the llmlt of detectlon of the dlectron

v
e +
microprobe uslng.wavelength dléﬁerslve analysis.
. . . . /

analyses were done for this mzneral.

\, . v -
o

The samples from the Duddridge Lake region are

. enriched in uranium, vanadium, copper and cobalt. This

~

No complete

assoclation 1s not @ccompanled by thorium. The main uranium-

'rich minerals are uraninite,

brannerjite,

U-Pb-Si and a Ti-V phaée, and carnotlte;,the latter two are

!also vunadium-rlch phases. Copper mlnerals observed ares
|

'chalcopyri te and bornlte.

two new minerals,

a

cobnlt mlnerals are cobaltite and
gl e

safflorite. Rutile ismnot 4an .important Granium bearer but

[d

'nevertheless it is unusually rich in uranium and vanadium
| ‘

!and thus reflects- the regional mineralization. Yellow
| : .

1

lcarnotite and the U-Pb-Si phase, indicate at they were
Fffected-by s;gnificant wé’therlngy
a Any hypotheses for the genesis of the

glnerallzatlon in the area studied must take account of

(Btalnlng of the specimens and the occurrence and habit of
P :



whijch probably gndicatea the eplgenlticrnature of

196

the assoclation of uranium, vanadium and copper,
common in epigenitic sandstone hosted/deposlts and

the presence of cobalt which is generally absent in

sedimentary deposits but enco@ptered in vein type

Ldeposits such ae those of the Great Bear Lake’ M

district; ) N

L4

the absence of thorium in uraninite and 'branﬁerifeﬁi

2

the mineralization;
tﬁ fact that upanlﬁm is enriched in Poth me ta—
e .

sediments (arkéose and &uartzlte) and basement rock.

Thfs suggests remobilization of already existing

-~

uranium concentration during metamorphism;

©

the age of uraninite: this éuzgesté a type, or at

least a period, of deposition different. from thaf of

,the vein,déposlts of the Athabasca bhsln;

L A

the apparent absence of chlorltic and arailLtlc
alteratlon assoclated with vein type deposits such

as'those at Rahblt Lake; o

the 1atera1 continuity ot the mineraliza{ion over 40

miles, its restriction:to thq basal horizon of the

stratigraphic sééuence and ifs,occurreACe as iénées
all re&eal ‘the stratabound character of the
mlneral\iatlon, B ‘ : |

the fact that the sedimentury‘envlronmént of thé

supracrustal rocks changes,upvdrd and westward from

continental to marine: ‘this does not eliminate the



3

N

e \
poesibility of having pegmatite or vein t;xe
\

deposi ts but nevertheless offers éontﬁols er_
o

sedlﬁ@nfnry deposition.

¥y

From the above conslderatléhs we may conclude that

the Duddridge Lake mineralization originated at modera\e to
. i \

low fempérnture. The model favoured ‘is one of epigenetic (or

R .- .

diagenetic) deposits redistributed dﬁring'meta-orphlsn (1700

-~ 1750 Ma). It should be noted that certain aspectas, such as

‘the uranlunfianadium—copper association and the type of rogi

ﬁbstlng the ore minerals (arkose), suggest a Colorado type

sedimentary deposite On the other hand, the presence of

cobalt and location of the mineralization in the‘vicinity of

the limit between contlnental‘and marine domains, toge ther

with the presence of restrlcted basin~-type sediments o

-oJerlying the mineralized rocks, suggest a simili tude with

the Shinkolowbe deposi t in the Copper—Bélt of Katanga.

.
o
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CHAPTER IX

|
v

CHARLEBOIS LAKE

1. LOCALIZATION

o

This region (fige
e

11) is part of the Churcpill
Province. It 1s located in the Afhabaséa region of northern

11

Saskatchewan, about 15 km north of Black

Lakey 35 km
northeast of Stony Rapldééand 220 km east of U;anium City
\' ‘ 5

PREVIOUS WORK

.

~

-
,'/ ’

at a

-

L

A,

- Ht

Mapping of the Charlebois Lakeiarea has been\doﬁi
‘scale of 1 mi:l inch by Mawdsley ( 1957). The geology
f

ha% been described by the same author (1952, i957, 1958)

Qﬁa, on a larger scale, by Beck (1967, 1969. 1970) who

studied the uranium deposits of the Athabasca region.

Morra
(1977) has prepared a thesis on the geology of the

198

)

s
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Charlebolis Lake areas. ) -

Radioactivity in the‘are& (fig. 11) was first
o , \
reported in 1948 (Mawdsleyy 1952). Prospecting and

¢

exploration was then initiated and continued in a sporadig

fashion untit 1974 when rights over thé area were acqul}ed

" - by Fosago Exploration Ltd; who lnitlatqgluorra's‘york with a

'view to determining “the economic potdgilﬁl of the numerous

radioactive occurrencese.

>

2. GENERAL GEOLOGY -

The_Athabasca rggloh, as descvlb;d by ﬁéck (1969!
p 8), lg un&erlnln-by a.basement complex of. Archean or
Aphebian age constituted mostly of ".,.paragneisses with
minor sedlmentaryeg?cks to which the te;m Tazin Group has
been applied.' Allmgave been me tamorphosed and partly
replaced or lﬁtruded by granites during the Hudsonian

1

0rogeﬁy/(l750-1950 my)e. Locall&,'conglomerate' arkose,

)

'sandstone, siltstone and basalt flowse, probably

Paleohelikiany rest on the basement comélex. All are cut ;§E—'
basic dykes.

This region "is one of the world's largest and’
most important mineralogic provinces of vgln—fype
p;tchblénde deﬁoslté and, in addltloﬁ, contains nﬁmeééus
other.radioactlve showlngg of econémic interest including

7

pegmntife and occurrences of uraninite in crystalline
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baaenoﬁt rocks" (Beck, 1969, p. 31),

o In thg\gparlebols Lake area, Morra (1877) has
distlngulsﬁed‘elght lithologic units; they are from upper to
lower:

H -~ dykes and irregulﬁr bodles of pink pegmati te
G = quartzites |

F - QIOtlfe‘gnelss

E - horéqﬁende gneiss and Jmphlbollte

D - calc -. silicate rocks

C < migmatite

B - granodlbritic granofels

A - granitic and tonalitic gneiss ' L |

The name Charlebois Lake Complex has been applled‘to unit A

-’

}o\G,by Morra (1977).

~

The Charlebois Lake area (fig. 11) is undeflain
\mostly by granitic and tonalitic gneisses while units B to G '

occur as bands bringing out the structure of the area.

3« DESCRIPTION OF LITHOLOGICAL UNITS C i v

lﬁThe following brief description is.basedoon that

Q -

of Morra (1977) except where otherwise stated.
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A:_szmm_lmluln_m ,

These occur mainly in the core of an antiformal
structures. Layers of amphibolite are intercalated in the
upper part of theae dneisses where they grade into

granodioritic granofels and/or pigmatites.

.

B-_Grapedioritic urapnofelsg

This unit was named pegmatitic granlt; byluavdsley
(1952). It ranges in composi tion from diorite, to tonalli te,
to alkali-feldpar granite. It ls‘dlstingulshed from the
€ranitic gneiss mainly by its coarser grain size; iIndeed the
grain size ranges from 0.5 to 1 mm in the granofels and from
9 to 30 mm in the granitic gnelilss. This unit "occurs .almost
wholly along and close to the &ranite and gneiss contacts
with the metasediments...'" Mawdsley (1952, p“369). 'Granite
.and gnels;' c;rrespond*to‘grapltic and tonalltic‘gneies
(unit A) én the map (fig. 11). Zonesrof migmatites (unit CS,

and velins and pockets of quartz are associated with the

granofels.

lThese are felsic bangs composed chiefly of quartz,
ﬁLugioclagé and mlcrécllne intercalated with biotite or
hornblende rich bands. This rhythmic variation is imputed to
composiﬁjo;al varldﬁl&n 1n the original sediments and to

exudation during their metamorphism. Mawdsley (1952)

interprets the migmatites as being of igneous origin as he
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- Lake and Sprekley'Lake.

SRELERET PO e [ TR T N . . . - N W
A L R DR S gt it ooy 8 e oy A L A il sadt o S0 o0 2

Y T .
&l
ter-; thes 1né}7tlon nlgmatitea. S -
/ \

/ T?ﬁd unit includes anphibote—gioﬁside gneisa, -

o/
talc-s rpegﬁlne-carbonate marble, and sericite-

phlogo 1te/biotite—diopslde gneiss. It "forms the bubk of

'vhat agpenrs to be a detinite horlzon within the tolded

4

netasediments or-the area’ ( Mawdsley, 1952, p.‘368).<

' These two units are 1nt1nately associated. The

- s
a-phibollte is not follia ted 'hlle the blotite and the °

>

'hornblende gneiss are, well toliated.

~ ‘ )

_Ouartz .

Thlé uﬁit only occurs in minor amounts sually:as
] N . .

thin beds and lenses.

. / 2 )
These cut across all the aforementioned units in

A

.the Charlebois Lake area. They are éssentlally composed . of
pink mlcbpcllneﬁ;plagloclase'and quarti. Dykesvdre*present

southeast ot Charlebols Lake and north of Guppy Lake, smail

bodles also occur north of Guppy Lake and between Charlebols

-
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4. STRATIGRAPHY

K

 The 5trLtlgraphlc relations betveen‘the various
units have been intebpne&éd somewhat differently by NMorra
(1977) and by‘ﬁ;wdstéy (1952).:Tabie 52 compares both
lht;rpretAtions- The maln'@lvefgence expressed in this:table
arises from the s;tuatlon of units A, B and C. These a;%‘
consldéredvto be the 1owe; members of a s;dinentaﬁy sul te,
namely the Cha}lebbls'Lake Cpnp1;¥, b}xuorra-(1977) vhile

>Maydsley (1952) describes them a& intrusive rocks in a

sedimentary sequencey the Tazin Group. In the Beaverlodge

area, Treﬁbl;y (1968) has defined fvp fiihologicu

N

of thequzﬂn Group, separated by a northeast’ fault. By
comparlng %he‘dbove‘sfratiéraphic sequence with that of
Tremblay, it can be seen that they cannot be directly
correlated and, that members such as the calc-slllcate’?ocgs.
ana the qua;tzlte beds can‘be compared to more than oné}
gingle.unit‘or the Tazin Group of the above areae Ipdeed,
fhe.Tazln Gfoup in the Beaverlodge afea comprises at least
two unitse compoéed one in pﬁrt and the other wholly.of calc-
Eilicaté rocks; they are uni¥‘3 and unit 9 in tﬁe western
¢ .
part of Tréﬁbluy‘s map (1868). Qﬁurtzites are numerous in
the Bgaverlodga areay, and T£emb1ay has distinguished at.
least Ié.map—units cpntalnlng such rockse. |

Thus the attempt to correl;te the lithological
vsui%e A to G with the Beaverlodge area and, to defln;\it

relative to the Tazin Groupy, was unsuccessfyl.

sequences

~
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Se¢ STRUCTURE
i » 5 .
The dominating structural features of the:

Charlebois Lake area ;ré three ma jor antiforms oriented
'Southlto southﬁest. They Are separafed in one case by a
syéf&rﬁj(betveen Sprekley»Lake and Charlebols Lake) and in
the other by a fault (Qetwéen Charlebois Lake and Peéﬁsus
Lake ). . ‘ . ‘“ |
) The cores of ;he an}iforms‘are occupied by
ig;anltic to tonalitic gnelssés. while sfratlforn bands of
units B.to'G.appéar pinched between more rigid bocks ofvthe
;ranitic and tonalitié gﬁelsses. Thlé suégests that the
latter might have been a basemenf’complex beneath unité B to
G.‘ . e |

- vThe general concoqunce and paralletism 5étwgen
the gr;;oaiorltic granofels and migmatites and the:upper
me tasediments suggest that thege are’all_pqrt of a .
sedi?enféry sequ;ncea jt should also b§ poted‘in figure 11

. , ’ : :

that the calc-silicate hobizog follows thélantiiormal
struc ture aroupd'PegasUs Lake as a single band; while two
bends of it appear northeast'ot the antiform; they are
separated by tge ﬁpper hornbiende gneliss and amphibollte.
This éuggest the présence of a synform.pgrallel to the

northeast trending fault shovn‘by Morra (1977).
~ .

)
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6« METAMORPHISM

-1
.

3

&

The metamorphic mineral assemblages ldentified in
the Chg}lebois Lake area are listed in table 53+ They "place .

the degree of metamorphiéﬁ in the intermediate to upper

amphibolite facies. Quantitatively insignificant retrograde.
metamorphism in the wholg area. (unit A to G) and short

distancé migration of'potassium in: the migrmatites have also

been reported (Morra"f977).

Table 53. Metamorphic mineral. assémblages from the
Charlebois Lake area (after Morra, 1977).

——— ——— - —— — . . G —— ———— — T > ——— —— — — ——— S ——— Y w—" " " — — e o

units asgsemblages

- — — " —— T ——— - - —— s o — " — — o —— — — —— —— ——— -~ o ——

AyB,C~ quartz-ollgoclase-nlcrocllnqrbiotlte-chlorite

AyB,C- quurtz-oligoclase—mlcrdcllne-blotlté—-uscovlte

E - quartz-dndeslne—blotite-hornble?de
C - quartz—andes1nerm1croc11ne~biotkte—sllllnanlte
F - quartz—ollgoclasé-mlcrocline—musd\ ite—-biotite~
-g8illimanite-garnet
e

E - quartz~abdes1ne—hornb1ende-d1apside ' \_

- ' . t\
D =~ sericite—diopside-actinolite-hornblende- |

: \. »

D - cerbonate-talc-serpentine \\B\'
- s e e i e o 2 e e e e e o . e s . e e e o e e 00 o e e e e et s e e i e o
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7.  MINERAL IZATION

. ) . ,
. / y /

7

i . i

/' . The C?arlebols Lake area is part of a uranium .

Tmee—smlng /

mlﬁeraloglc pr#vlnce. Except for the dykes and small bodies
/ .

o‘ pink pegma ite, all rock-types encountered in the area
é
) 4 /

; /ave enriched An uranium by at least a tactor of 3 relatlve

i -

oy

/”/to the averfge concentration in similar rock-types (Norra,

'ﬂ 1977); slmllbrly they are enriched in thorium by at least a

/1 /

‘/0 factor of 1.5 and ﬁB much as 6 ln the case of granitic

, /
S - gneilss (Morra, 1974). The ThﬁU ratio 1s close to 1.5 in the

‘f
/

o granltlc gneiss,,the biotite(gnelss, the amphi bole gnelss

;’ anq,ln ‘the amp lbolite; it lsfapproxlﬁutly 0.8 in the calc-

/

B \, i ’
and 0.3 in the ﬁlgmatltes and granodioritic
‘//

orrw/ 1977). All the impontant sho.lngs\occur ln
/

a more dF”Ieggfgnn%fnﬁﬁﬁ; tashlon An. the granotels and in

/

silicate roc

‘granofels(

\

the migmatlte hetween the granitic gnelss and the calc-
"sllicute horlzon. The latt r is alvays barr;n ot
mineralization but the gnelss generally has higher .
;////Fzgioactivlty when in contact wlth 'sho&lngs'
| ) Uranlum oc$urs malnly as uranlnlte pa;tially
alt;red to ‘gummlte‘,»andbln a lesser amoﬁnt, in betatlté
',(?);‘thuchollte, secondary uranophane and netamict Zzircon.
N Molybdenite, upatlte; sphene, pyrrhotlte»pnd'magnetite are
/\ /;L 6 common 1n the"showings'
\
N L Controversinl hypotheses for the fornatlon of the

v\un-niun deposlts avevheén\presented;-accordlng to Morra

"ge logical and radiometric data guggest that

S .
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fhe mineralization present in the"Charlebof!—nggenson Lake
. . P
area may have orlglﬁally been of syngenetic sedimentary

. origin, prior to its metadorphlsm and that the parenf rocké
. v

i ?f the granitic and tonalitic gneiss of the area constitute

the most likely source-rocks of the uranium deposits". Based

o

on Mawdsley's work (1952), ‘Beck (1969) describes the

@%nerallzation as *lit-par-1lit' type deposits, le.ge., uranium

‘
-

h pegmatites intrusive in to the metaqedlmen?s.

r e

o

Whatewar the interpretation, it is certain that

the paJVoactive showings occur in the gfanofela and in the

r

migmatitese. Their more or less continuous distribution
around the grani tic gpeiss and in the folds embhas}sés the
structur; of the area.

- AR

Five samples were colllected in the Chgrlebols La ke

pe

region (fige 11). All,yere chosen from zones of high

radioactivity. Identﬁf{caton'and.petrographic_descriptrons

are given in appeﬁdix'&?%
The main constituents are quartz, orthoclase,

~

plagioclase, biotite, musébvite with minor amounfs~bf

¥

uraninite, monazite, zircon and occaslognlly, apatite,

pyrite,.henatlfe and galena. f—uranophane occurs as a
coating on some of the samples. ‘ ' A

1
.

S~
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Uraninife and'ﬁ-uranophane were lnveq&iguted 1n .
¢eta11; uranlum and thérium in moﬁazlte were determined
iqualltdtlvely;‘Qne‘unnytsis of zlrcon is’p;esJLted. The
analysié for ﬂ-uranophane is given in .a prevljus Cchapter '

(analysls of standard materlals)- No uranium or thorium were

S N

detected in the apati te: .

1. APPEARANCE QOF URANINLTE AND MONAZITE

, ! o L . . -
. ¢ A o0 -
@ v, . a . .

, i

In éomaféﬁqpteé-(CL-2, 4. and 5A) uraninite,

‘»monagite and also zircon occur mostly lnéluded in, or in

s

contaét with, biotite; in the other samples (CL—I, 3 and
58), it is distrlbuted randomly. 1 . a

In transmltted llght, uraninite is present as dark

A3

fgreen to brown material rl-med by a reddlsh zone.-Grains

included ln.feldspar and quartz are somevhat,lgssﬁuitered
")‘4 . . . .

Vthanvthose;inciu&ed in, or in contacffwlfﬁ, blotlte.‘Bui

neverthelesegin most cases, they are tractured and altered,

.with only a few frag-ents of uranini te remaining which are

suitable for mlcroprobe qnalysls. Monazite is zoned and,'

like uraninite, it is surrdunded by a reddlsh‘rlm.

v

Chemlcal relhtlons betveen uranlnlte (or

- monazite), its reddish rlm, and lts host mineral were

N Py
lnvestigated. Backscat tered. electron'and X-ray scannlng

photographs were taken for a particularly good 1ook1ng

Juraninite and a monazi te (plates 6 and 7, respectively ). The
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Plate 6 : Backscattered electron (bs) and falementol bhdto‘grophs of uraninite in CL-I.
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ma in conétltuents of uraninite are uranijium, thorlﬁﬁ undﬂtead

with minor amounts of silicon, calcium and irong The main

o

*

‘constituents of monasze are»pnosphorus, rare—earths and
thor;um with minor amounts ofwgranlum, iron anﬁ silicone In
the bnckscattereg electron photographs thévwhlte areas

’rébreseﬁf uraninite (plate 6) and mbnazlte (plate 7)’ the

dark areaAs are their host mineral (feldspar) and theii

B < .
intermediate grey represents their reddish rims. In bo th
2

o

. cases the rims show a high concentration of irone. They"are

o

enriched .in lead and uranium relative to the feldspar and in

silicon (and\o{her feldspar constituents) relﬁtive to ’

uraninite and monazite. Thorium islrestricted to uraninite

"

S
and monazite grains, and phosphorus to the monazite graine.
Backscattered electron and X—ray scannlng photographs of a

typlcal uranlnlte are also presented (plate 8). The

backacattered electron photograph shovs a fractured grain or

T

a‘cluster ot grains of high aéqrage~atom1c number (white

sﬁots). X-ray scanning photographs show that uranjum and

tgoridh vary sympathetlcally,uand are abundant in on}y part
of the 'grain'; lead is concentrated with iron in other .

parts, and, finally, silicon is present throughout the area

—

but in higher concentrations where uranium and thorium are

low and where iron is intermediate. In the present case, the

/ F
thorium distribution cannot be used because of the high
backgrounde Indeed, thorium variations are low, and

theretore its photograp% indicates changes in the avérage

~

atomic number of the grains rather than in the thorium

¢
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microns

Plate 8 : Backscattered electron (bs) and elemental photographs of uraninite in CL- 5.

"
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X-ray powder photographs of some reddi?h ‘coea ted
. ! s

uraninite ylelded two°’patterns, one Jdf uranini tesy, and a’
. : \ et e . - et
. - . PR
- second of hematite. !
. } n

It should be noted also that the reddish rims are

prominent when uraninite and monazite are-reldted;to

i !

biotite, less whﬂn_these are included 1in feldspar and almost
N o i‘ .
absent when included in quartz. | f
s . . !
It is proposed that the rins’torm,by_nﬁgration of

o
uranium out of uranini te and monazl te (lead behaves as

!

uranium at teast in uraninite), and by migration of iron
toward uraninite orﬁnonazite. Ooxygen produced during

radiogenic "decay of uranium and thorium oxldi;es the }ron of

the biotite around the uraninite or monazi te grain and

creates a concentration gradient which, in tufn, gnducqé

-

further diffusion of Fet2 towards uraninite or monazi te

resulting in a hematite coatinge.

2. 'URANINITE

Five uranini te grains where analysed (table S4).
Low totals aré imputed to the poor quality of the grain, the

possible presence of a larger portion of uranium occuring as.
.- {

Ut6, and also to the likely presence of valatiles such as

heliume The analyses show that the thorium to uranium ratio

1 .
“is uniform in the various samples. Rare—earths were sought

~
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Table 54, Componi tion 1in weight percentages of uraninltes
from the Charlebolg Lake region. Lead |m glven a valence of
two and, uranium a valence of four with an amount of
hexavalent uranlu- equal to the amount of lead present.:

Sample CL-1 CL-5A1 CL-5A2 cL- 5B1 CL-5B2

Al305 0,70 0.25 0.26 0.13 0.21

Si0, 3.79 2.22 4.24 0.64 1.03

CaO 1.55 0.31 1.40 '0.67 0.62

Fe,03 0.10 °  o.s9 0. 97 0.10 0.34 -

PbO 16308 14.33 14.31 18.86 17.28

ThO, 7.84 5.17 5.31 5.80 . 5.37

UOo_3 66.26 69.04 68.36 68.14 67.21 C e
Total . 96.32 91.91 94. 85 94.34 92,07

—_..——————-—-_.-.g————-—-..__———--—-—---—— R T . e .  — — — ———— - —

but not found 1in these uranini tes.

Approximate ages were calculated by the method

described for the Baie Johan Beetz uraninites. As can be

Table 55, Approximate ages for uraninites from the
Charlebois Lake regione '

sample age (Ma)
CL-1 1783
CL-5A1 1546
CL-S5A2 1558
CL-S81 2054
CL-5B2 1919

~ seen in table 55, .the five uraninites yield a wide range of

[
ages. The lower values, 1546 and 1558 Ma were obtained from

a rock specimen containing galena. It is reasonable to
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- their count rates (peak’ less backgrdhnd) with those ot

B . L T

”.

L
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eésume,that-galena formed £ rom eqdlogenlc lead expelled from

. ’ . .
uraninite. Thi 1d obviously decreiee the .apparent age of

‘the 1a{ter-’Thus 154

of- the age of the

Ma and 1558 Ma are not representative

ineralization, but may reflect a

o

a

subsequent period £ readJustien%- Three values reiain. T

. . Lot

Uranlnlte\CLrl vhlch ylelded 1783 Ma ﬁas'a pronougced

migration rim (plate 6). It 18 therefore expec ted that the

o,

Iead to thorlum plus uranlun ratlo has been altered and: that

1783 Ne is not representative of any deflnite perlod.
Uranlnitebe-Ssz is sonewhat altered and yielded 1910 my;
snmple CL-5B1 appeared 1resh and ylelded 2054 mye.

‘The only concluslons that can be dravn from the

apprékimute apparent‘ages is thag most urmnlnltes<have not
v

behavéed as closed systens since their formation, and that

minerallzation in the area has a minimum age of 2054 mye -
\\ » . ,
\ J

a - o

3. MONAZITE

@ Monazi tes afe eenmdu in the saeples. Like
uran;nltes, tﬁey are often surrounded by a/heﬁ:tltized rim.
\Noconplete quantltatlve ana#yses of monazi te were doney but-
the thorium and uranium cont;nts were estlmated by comparing

-

 monazites from Baie Johan B%etz.'

The thorlum conte t of monazi te varl s not only

-

from one grain to another (table 56). but also within single
I
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Table 56« Uranium and thorium weight percentages of two
monazi tes from the Charlebois Lake region (CL-1, CL-5A).
. LaY .
' Sample ) vop, \ ThoO,
A
CL-1 . 049 Y . 14.95
Cl-_SA 0.42 \ 4.00; 9.87
ﬁrains (4.00 and 9.87 wt%,ThO> were obtained ;roﬁ two .
Vi o I i ox
different areas of the same grain. Uranium, ¢n the other .
o : oo B ’ . R &
hand, is low and uniform. . A
~— : - v

4, ZIRCON

I3

G

Zircons in the samples aﬂt\folourless to brownish =
' - ' it :
in transmitted light; they dg,noi give rise to radiogenic

haloes when inciuded in Siotlte. nalysis of one grain.

"(table 57) shows = low uranium content compared, for

example, to the average content of| zircons from Baie Johan

«

.o Beetz (0.66 wt% UO2). Thorium was sought but not found. Tﬁe\g\'
. . | :

' |
absence of haloes presumably resuyts*from the low content of

radiogenlic elements. ' ; » ' \\

o e e e e G B T T T TR T T
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Table 57. Composition of zircon from one sample of the
‘Charlebois Lake region in weight percentages and atomic

Cao 0.01 Ca <0.01 ‘ ~
Fe 203 - 0e75 Fe 0.02
Zro; 64.83 Zr . 0.97
Hf 03 1.24 HE 0.01
UOo> 0.16 u <0.01
. sum: 'Zr' 1,00
Al 03 0002 Al <0.,01
S10,. 32.89  si 1.01
" sum: 'Si' 1,01

' Total 99. 90 o 4.00 %
_______ 7‘:9-9_..----—-----.—--_-_---._—-----..-—----.--..—-a-—-----
. ~..
‘ o s
C= _CONCLUSIONS . .
] L

Samples from the Charlebols'Lake region are -
enriched in uranium and thorium. Uranium is present mainly
1n‘ubaginite. thorium in monazite and to a smaller exfent,

in ubnn{hite. B~-uranophane is an alteration ﬁroduct.whlch
coats some of the samples. Betafite and “thucho lite, ’
previously reported in the afea ( Morra, 1977), were not

5

found in the sahplés studied.
. : . w, }
Hypotheses for the genesis of mineralization must
account for: | )
1~ the aéaociat{én of uranium and_fhorium, indicating a
~relatively high temperature 6f formation; .
2- gh; fact th;t all rock-types encouﬁtered in the
area; wltﬁ the excertion of dykes and small bodies
og pink pegmatite, are enriéhed in uranium and

thorium; —

N .
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3- the stratigraphic and lithological control of the

_m;nérallzatlon;

'4- the restriction of significant anomalies to the
granofels and mlﬁnatites located between the
granitic gneise and the calc-silicate horizonsj

5~ an approximate age of 2054 Ma for uraninite and the

~

mineralization. K : -,

L . ’ +
. Considering the above facts, it appears that

mlné#allzufldn;in £he miémhtifes and gran;téls occurﬁed in
two stages. Firstly by the deposltién of.uraniﬁm and thofiﬁm
enn#ﬁged ;ed;uents. Indeed, abl'meta-sedlmentafy rocks 61
gﬁé area are enriched 1n‘ura;1um and thorium as 1s the1r

[ . -

gource, the-granitlc.gnelss (Morra, 1977)¢ A secondary

enricﬁment occﬁfred when -inerallzing fluids pbgs
expelled trqu the granLtlé gneiss duagng me tamorph]
propagated'through the migmatites Qnd éﬁiﬁoteis_horiion,
tﬂereby 1hc£;a5168‘qnq yedis{ributlng the uranium'aﬁd
thorium. These;flulds were probabpy 11m1ted in the;r
‘miératlon by;éhe ove;:gng'lmpervldus horizon of calc-
sillca&és. This second stage probably occurred during the
Hudsonlanbofogeny and'-ay.vell be synchronous with the first
ma jor uranlumvnineralizing event (eplkenitlc deposits) in
the Beaverlodge area: 1975-1950 my (Tremblay, 1872). In the
latter region ;e know that a‘perlod of faulting and shegrlng

accompanied by uranium redistribution took place around

1240 Ma ago (Trembiay, 1972). Similar events may have

e AR AR e S
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occufred in the Qharleboisltake area but their effects were
not ;trongggggggp>to 1nduce_9ranlum redistribution and
formation of vein type deposits. It follows that faults
whléh”crpss the Charlebols Lake area may be related to the
family of faults of the Beaver lodge area which have been

repeatedly actlve after the Hudsonian orogeny.
) !
‘\~Thls hypothesls ditfers from the one proposed by

s !

Morra,(1977) by the assumptlon tﬁatAa second stage of :
enrlchment took place. It does not 1mp1y, nor.does it.

exclude, as in Beck's hypothesls (1969), the 1ntrusion of

\

lnpowtant amounts ot granitic material.
- 3
‘I .

K
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CONCLUSION

Y

‘Thls ﬁbrk has demonstrated fhe usefulness of the

electron microprobe in the study of uranium and thorium

. \ . - i
minerals. . It has also brought out various aspects in need of

lnpfo#ément.“gspecially the establishment of analytical

sfandards, correctioh procedures and to a lesser extent,
with the‘t;me_requlred for an analiéls;. \

The most rgllable standgr&a were found to be
aélmple synfhetic co-pqgnds such as,oxldés. Carbides, -
fluorides and 31llélde§‘§ou1d be used pro?lded they can be
obta}ned as single bgase grains of ﬁore than 50 microns.

It appearé”thﬂf corrections dpplléd by FEPAC.glvé'
better resultq,tgan ;hose appl1ed>B? Cok;z. Oﬁlngvto the
fact tha* FEPAC does not print out detgl}ed corpections,vfie

in the results could not be traced

-

sodrce»of thé_dit?erences

back. Because FEPAC recalculates many of the parameters

/,"" -

needed for the various corrections, it is not necessary to

create and stoée an‘ekténsive ddfa file for this programme.

Compared to COR-2, this approeach is more flexible and more

222
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‘amenable to use by workers nqt familiar with the defall of
théiprogranme- FEPAC, however, cannot be lngthlped directly
1nnmo§t computing systems‘without c@rﬁyiﬁg out laﬁguagb
;;odlifcatlons. Co . °

In general, correctlop procedu;es remain soiewhat
llnadequate..lmpéovemeﬁt c;uld result from the deté;-lnatlon

nnd refinement of euplrlcal factors for X-ray lines shorter
than the uranium and thorium M absorption edges through more

&nalyses of a larger number of simple compounds. Howevér,

. better understand/ﬁz/ﬁt the ZAF effects through basic

atudies would be ore satisfactory and of wider usefulnesse.

Coﬁpareé to otﬁgr me t hods of aqalysis, the - X
glectron mi¢ropr§b; is rapid. Ihis coul& be tﬁrther improved
Sy using a fully automafed instrument. The use ot-%PA”with
an app;bprlate correction programme would also reduce
conslderably the time requlred for analysls ;nd have the
advantage of determlning slmultaneously 511 -elements needed.
“Such an aﬁproach‘vas beyond the,ecope of thls:stpdy. It is
al;o doubtful whether the resolution of present- day solid-
state detector ‘asystems such as the one 1n use at the

Depar-ent of Geology of the University of Alberta (Snith and

Gold, 1976) 1s.sut£1c1ent to unravel the problem of

overlﬁpplng L=1li nes of the rare-egrth group and other heavy

elements which are commonly present in primary uranium- and
thorlum-ninerals; However, secondary uranium mlnerais often

have a simpler cheﬁlstry and may be more amenable to this

- approache

o

O

et - Fec kDA
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In the study of ur&nlum compounds, uranium
minerals, ahd some of their deposits, the electron
microprobe has proven useful in Ilye main wayse.
" ] ) o /’AT/>—
) It 1is possible to igéﬁiity uranium minerals on the

.. , - » )
basis of theli/ésmpositlon,‘and moreover to analyse

o

quantitatively such ainerals and other uranium

'
N

compounds with both precisioﬁ'and accuracys. Indeed, ®

. precision and accuracy achieved on uraninites were

sufflclentlto allow the cabdulation;df meaningful

hY

ages and to distinguish between uraninltes of

ditferent 'ages's -

2- It was possible to define the mineralogy of the
three regions considered, and also to identify

'.ﬁlnerals which were not 1dé;¥i}tnblglby microscopic
. ) . ’ \\\
examlnatjnnrandfwould. therefore, have réq@lrgd

- '

g

té&igus separations and'chemical'analyses. Even

1

~

then, it wmight not have been possible to make . the

determination due to. possible éontanlnation, or to
~ ; .

an lneufflclentiamognt of m;terl;t; such vas the
‘case ét the.U;Pb—Sl phase trom Dﬁ&d£1dée‘Lake. It;'
was also posqible to stu&y compositional vhrlagillty
and internal zoning ;t certaln phages such as
allanite, and monazi te.
3= When analygané separate& ninerals, ' doubt always
®

arises as to whether minor elements are due to the

presencé of lmpupltles or to chemical substitution.

4
i
¢
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dlt!erent Varieties of a nlneral specles, betweenv'

Inveetlgatlon of the nature and extent of chemlcal

subsfﬁtutlon 1s thus tacllltated and put on flrner

'

{
ground by nlcroanalysls of eingle gralns, as

exempllfled by the analyses of allanlte.'zlrcon,and.'

‘brannerite'.,

Two new minerals were phrti& defined; nameiy a U-Pp-.
Si phaee. andva Ti=-V phuse. These wete analysed
quuntitatively but requirexaddltlonal da ta before
they can be named accﬁrdlng t; the ;ules set by the

Internationnl Mineraloglcal Assoclatlono

e v

Mlneralizlng events were dated. Ages can be

calculated for individual grains after simul taneous

analyses of the elements concerned. Téough it yields
less 1ntormatlon than the nass-spectrometer, which
deter-ines Lsotopesy the electron mﬁcroprobe has'  the

advantage of being able to perforn point analyses.

it is, however, limited to uranium-'or thorlum-rlch

mlher:%s containing suftlclent amounts of radiogenic
lead (say, at least 2 wt%)e. Mlnevalized rocks and in

particular those that have reached ore-grade are the

!

‘result of a successlon of events thut occuvred over

a perlod of tlme which ls generally longer than the

resolutlon ot present day geochronological methods.;

vk

T i
~

In such rocks a complex mlneralogy reflects the

'_complexity of the mineralizing'evenfsb The

_mlcroprobe permlts the dlstlnctlon between the

‘g S . .
it . ¥
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i

i
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fresh and altered material, and betveeﬁ“zoneq and
unzoned.phases which can seldom be isolated by

mineral separatidcn téchnlques. Furthermore, it is

possible to perform quantitative unalysgé on each of

Gt

these phases. Thus, in a sample or suite of samples,
fpther than the average age of mineralization, one
can obtain ages of hlnerallzlng events apgd relate

them to the corregpon&lng phises. Having thus

defined‘the problem, one can proceed to m re préclse'

methods such as mhss-spectrometry, if need’ be.

Some potential applications of electron microprobe

e

analysis of'uvahlum-bearlng minerals have ngt been

investigated here. However, with the findingsdot this study

it is possible to,toresee.fiélds for such applicgtiods.

The structures of mahy uranium and thorium

minerals remain to be determined and othdrs,’to be retiged.

We now have a way in which single—cryétnl X-ray

crystallozraphy can be brought to greater value by the non-

destructive, preclae analysls of the graln on whlch a -

struc ture is determlned.rThis, of course. applies not only

L 4

to uranium and thorium minerals, put'to all compounds and

‘'more specifically to the naturally occurring 'impure’

minerals.,

In sedimentology, the accuraté“deflnitiqn of heavy

minerals andy in partlcular; the age of those bearing

uranjium,

enénles one not only to characterize a formation or

",A‘Jfi‘iwwtﬁw’xm“‘w’".ﬂc"«;rfﬂv' i ey
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e

marker-bed, but also helps towards'a b;fter understanding of
the paleogeography of a given period by provldlng a more

accurate definitlion of the source material of the sediments.

e t, ; o

An expanding field of research is pollution
control worﬁo The fécognltlon and identification of
rndiogéthe particles as contaminents in vﬁr;ous
environments might be-advaqta;eouély done throu¢h~mic;oprobe
analysis. |

Another tleld.‘mdybe‘mope important, is_the realm

: of mineral expléfation and benef}élatlon. With an anrehsi;g
demand for uranlum,‘lov-grqde deposits, for exAmp}e the so-~
called *uranium bqrphyr;eé'; which Qere, up to now, |

7
i .. . .
economXCally marginal, become more and more attractive. For
) \ A

such deposits, it is important:

1- to”knov‘What poftlon of the uraqlum“(s‘ln uranium=-
rléh phaseé amenable to pre—concentration in order
to. decide what constitutes a pbtént{al oré: and

2=  to define accurateiy tgose phases in ore—-grade
mate;ials asla preliminary to ‘the deve lopment of

SN

extéaqtloh methodse.

, This, of course, applles not only to low—grade ore

'buﬁialso 4o the secondary recovery of mine tailings where

ébme'-iner;l phases may not have been extracted at the time

of theﬁsglglnal,treat-ent,

TR . -
4
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APPENDIX ‘I

- o r , o o
. ‘ 'PERMANENT DATA FILE FOR con~2”k{

&

The orlglnal aate file of. COR 2 (Hénoc et gl-,
1973) was’ modl fied trom the original verslon supplied to the

'laboratory by the National Bureau of Standards, quhingtonm‘

4

Complete dat& for Ce, Pry S, Eu, Gd, Tb,,Dy,(Ho, Er-%nd Tm

LN

have been added. Certain parame ters, malniy Costér—Kpsnig
coefficients ant fluorescence yields, were\uﬁdhted or added
to the orléinal tile. Values for some of the Coster-Kronig

coefficients (for relatlvely light elements such as fhe

@

flrst series of transition elenentsh were added for the sake

« .
.ot completeness. They are not commonly called upon ln

L3

routine analysis of geologLeal materluls.

The file is listed in table 59, its tornat'has ﬁo?ﬁ

been modified from that of the origlnal verslon. The symbois
%, %% and & in table 59 ARE NOT PART OF THE COMPUTER FILE,

’

they Iindicate the following:
¥- wmodified line of data from the orig@nal versiqn;
¥ - first line of data for an element added to the.

original data fjle;

~ 273
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Table 58.

first line of data for each el

Format. for the conputer flle
* indicates that the numbers are rlght

274

ementr-;>

listed -in table 59.
-jJustified in the

field. To avoid confusbon between line of data and emission
line,- the former s designated as card ahd the.lnffer as
line. (After Henoc et gle, 1973.) n
—————— . — — — ———— " — ol T {r —————— - —— . ——— — - . e ——— ——
card, use columns format . description
1 ghce at 1-3% ‘ ) I3 Number<yf elements
beginning coo in permanent data
. of table file ’
. ' ' ’ _'-?W," s
2 first card 1-2% t 12 Atomic number
< for each - 3-4% . 12 Number of absorption -
element’ ! edges listed in .
) ) the file
. 5=-10 F6.3 Atomic weight
Y5 THRE | flelds of 6 3F6.4 Coster-Kridnig
‘: 4 coefficlents
’ S 11-28 9 ’ « L1229y L2349 f13
- _ ’ 29-34 f6.2 Absqrbtlon constant
, , c,
2 fields of 4 2F4.2 Absorption exponents
(35-42) ,[ n,y n,
3 card for - 1-7 ‘ T FT7e5 Wavelength at
each ldine ' absorption edge
Y. 8-13 F6.4 Jump for the edge
14-19 F6e5 Fluorescence yield
20 o VA ¢\ Number-of lines
C C , listed for the edge
4 card for 1-7 - "7 F7.5 .Wavelength of line
each ‘tine 8-13 ' : F6.4. Weight of the line
y o : ., with respect to the
' sum of line'
) intensities in thls
. B e series
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Teble 59. Listing of the permanent data file for COR-2. The
‘format of this file and the symbols &, * ang ** are

. 77 : ‘ :
1 1 1007 5 S i 1 290 &
. 200 - : : :
v . © 31 6939 - 14 288 -
. 120 o - , 485 . _ <
41 9012 ‘ ' 35 286 ‘ €
S111 N - p
5.1 1081 74 285 o €
676 ; - N . ‘
6 2 12011 135 284 273 : €
4368 2622 00091 | g :
. .447 1 '
99 , : - : :
7 2 14007 © 221 283 273 €
3099 ~ 2576 00151 ' '
316 1,
99 :
8 2 16 ) 334 282 273 « g
) 2332 24 00601 :
‘ 2362 1 “
99 , . .
9 219 ' 49 281 273 : €
17913 1933 000941 '
1832 1 . ,
99 ~ "
11 2 2299 » . 905 279 273 &
11569 184 . 025 2
; 11575 12
¢ 119101 88
99 : . ' .
12 22431 ' 1175 279 273 €
95122 15 028 2 - :
95207 0 12 *
989 88
. 99, _
13 2 2698 . 1487 278 273 g
79481 14 038 2

79605 12

; 83393 58
: \ 89 . -
: “14 2 2809
6738 1296
67530 12 & , 3
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APPENDIX II
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g ~N

SUGGEST IONS ?QR THE ANALYSIS OF U AND Th;u

»

The following is concerned with the analysis of

o

2 and 5 need be carried out.
The saw cut surfaces of a rock sample are put. on a -

£ilm to locate the radioactive phases either by

3

autoradlogrﬁphy or radioluxographye.

The selected portions of the sample are 1mpré§nated

with epoxy resin, and made into polished thln'

sectionse. o . T

>

sections ,are made.

[ 1

The thin sections are studied under the amicroscope,
with reference to the radiographs. Lines are drawn,
in India rnk,‘trom the edge of the section to the

vicinlity of érains to be analyséd, and

293

)

INERALS

minerals in a rock sample. For mineral separafés,

J

o

.
&
,

T

Autoradiographs or radioluxographs of the thin

only stepé

e
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L l/ 1

photomlcrhgraphs.(XSO) of these gralns, including

the end of the ink line, are taken, A map of the

N ?

section, showing the ink lines, is sketched. In this
g

o

N way, the gralps can be rapidly located during
aqalysls, and the exact point or area of enalysis
marked on the photomicrographe

I8

S- ., The sectlens are coated to ensure good
eonduetlvlfy.‘ A qualitative study is’ made to
1dent1£§ the elements present anévcheck for
homegenelty ( see section B below), uslng_EDAé and/or
WDA3 . Points or aeeas to be enalyse¢ are {hus

-a

selected. R

L@ i
Homogeneity can be tested qualitatively at

\ dlfterent Levels. Broad differences of composition are

() detected most readily by EDA, while more subtle differences

’,%wItl be detected by WDA.
S

N

\ ‘ : - ‘ p

o

e o e . S i a8 i P S e R S W S 0 =

1. This, of course, may vary from one laboratory to another.
2 energy dispersive analysis "
3 wavelength dlsperslve analysis

N

@
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'« ENERGY DISPERSIVE ANALYSIS . o
This éf done bquoﬁparlng spectira for different
areas, elther by making Polaroid photographs of the spectra

from the 6sélllosc0pe display or transfering the spectra

- from the multichannel analyser to a chart or X-Y recorder,

and then comparing them vlsdally. In all casesy the spectra

o

should be recorded over similar periods of time; 400 to 1000
second counting time with an operating potential of 15 kV,

and a probe currentbof 0.3 2 107% A gave sastisfactory
- _

results with the fnstrument used in the present studye. These

bconditions vary with instrumentation, and with the scale .of

N .
he variations soughte.

v N ‘ )
\ | |
A :

2. WAyELENGTH DISPERSIVE ANALYSIS .
» \ v

\ This is done by traversing a grain and recordiné

slmul%dneously the intensities of two.or more elements on a
chaﬁf or X-Y recorders orAby/faklng X-rayy packscattered -

electron and sample current scanning photograbhs of small

arease The first is used mainly for millimetre scale

. yariatlons, while the secohd is sult%ble for micron scale

vaflatlons.

\ A )}
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Basic data and suggest ions for the analysis of

-

uranium, thorlum,xand assoclated elements, }ncluaing
emission lines and standards, are listed in table 60.

Suitable analyticul‘conditions for an an ARL-EMX .
B . ‘. 3 ] ) : \'LN
microprobe, or 1nstrument‘with éimllar characteristlics, are:l.

N

. N .
- operating potential 2 15 xV;

- probe, current 3 1 X 10°7 A3

- beam diameter 3 0.5 to 20 microns;
. - counting perlod 2 50 secs; . L ’

~ number of counting periods on tpeaks' : 103
. . 3 ) .

N

- number of countlgg periods on thackgrounds': 5. ‘ ’ ;
. | '\ , ‘ ‘,.//" . .
By taking numerous short tcounts! (herey, 50 s) ratﬁer than a‘
single longer ‘count! equivalent in time (here, 500 s fof
‘peak"’ poslﬁioné), it is éossible to avoid spurloﬁs values
which could arise from electronic failture ;nd contamination.
A ?otal period of 500 s gives adeq;ate st%tlstlcs for most
COncentratlpns fér the instrument used in this studye.

Su;table 5;gngg£g§ are listed in table 60. A
compromi se musf be reached. taking into account the
following conslderations: - .
1- the average atomié nuﬁber‘of the standard should,

ideally, be similar to that of the specimen;

2- thpfelenent concerned should be present in both
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standard and saﬁple in similar amounts, with,the
pﬁbvlso that it should have a concentration of \3

least 3 wt% In thé stgndard;

3- it is convenient to use the same standard for .7'

different elements.

The apalysipg crystal. is selected according to the
wavelength range requlred, and the efficliency of the
sultable crystals, whi le retaining the possibility of

maximum use of the available spectrometers. Sui table

x>

.

crystals for the anaiyslé of uranium, thorium, and commonly

associated élementsAare listed below ( table 61).

¢

~
el
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Tnble\bO: Basic data and suggent lons for the analysis of
uranium, thorium, and commonly associated elements for an

operating potential of .15 kV. Elements (El.) are lisgted with

analytical lines (Line) and their wavelength (Wlength);
standards; pogsible interferences (Int.); and remarks (R).
'*M' stands for metal.

El. Line Wlength S tandards q . Int. R
H & 1
N ; 1
C 1
(o} 1
Na Ka 11.9090 feldspar
Mg k&’ 9.8889 fors ter| te, diopside
Al Ka 8.3390 feldspar, corundum
Si Ka = 7.7261 quartz, most silicates
P Ka 6.1549 CazP207, xenotime
S - Ka S5.3728 galena, pyrite
K Ka 3.7424 feldspar . U-Ma
K KB 3.4539 " - . - 3
Ca Ka 3.3596 teldspar, Ca,P,0, €
Ti Ka 2.7496 M, rutiley ilmenite ’
v Ka 2.5047 M, vanadinite '
Mn . K« 2,1030 M, rhodonite, alabandite .
Fe Ka 1.9373 hema ti te, pyrite, Fe~silicates

" Co Ka 1.7902 My, cobaltite
Cu Ka 1.5418 M, cuprite, chalcopyrite
Zn Ka 1.4363 My zincite, willemite b
As Lqa 9.6714 N, arsenopyrite, nilccolijte
Se La 8.4901 NbSe,, eucarite, naumanni te
Y La 6.4484 N, xenotime, glasses
Zr La 6.0702 M, zircon
Nb | La 5.7240 N, NbS,y glasasses
Mo Lo 5.4062 N, molybdenlte, wulfenite
Te La . 3.2891 u, Ag2Te, BisTej
Ba La 247751 barite
La L« 2.6650 glasses REE-L
Ce La 2.5611 glasses REE-L
Nd La 23700 glassesg C REE-L
Sm La 2.1994 glasses REE-L
Gd La 2.0460. glasses ’ : REE-L
Dy La 1.9087 glasgses , : REE-~-L

» Ho La 1.8447 glasses . . ' REE-L
Er La 1.7842 , glasses \ REE-L
Yb La 1.6718 glasses AN . REE-L
Ta La 1.5218 M, Ta,0g, KTaOj3
Pb MNa .5.2916 M, galena
Bi Ma 5.1238 My BisTeg, BiSg3 _
Th MNa 4.1448 ThO,, glasses !
U Ma J3.9168 UOo-U03, glasses Th-M7Y 5

U Mg 3.7160 " . " K-Ka 3

—--_——————----———-——---—~--_—.-~-_—-—.——_-————-——---—- —— . —— e -

LN SR S N NS
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table 60' cont?®dececace

This element I1m not analysed, its concentration is
calculated as Indicated In section E of thiws appendixe.

uran m N-absorption edges. Data relevant to the analysis

 QIv odium in the presence of uranium are lackinge The

3~

Soj;;awx-llnes occur in the same range of energy as some

effect of the N-absorption edges remailns to be quantified
and corrected fo™ If required.

1
Interferences exlst between K-Ka and U-Ng, 'and between U-
Ma and Th-MY. When thorium is absent, U-NMa gnd K-Kjf are
used: when all three elements occur together, Th-Ma, K-
K8, and U-La can be used; U-La (17162 kV) requires an
operating potential of at least 22 kV to excite it and
obtaln sufficient intensity. Problems relative to the
usage of U-L lines are considered in detatl in
chapter 1IV.

In practice, overlaps between the var&ous rare—ear ths
affect mainly the background reading positions. It is8s a
good practice to determine the background posi tions for
each set'bf standard and specimen, and to use standards
containing no more than ifour rare-earths; the latter
should be of spaced atomic number (say, 5).

n

Th-MS8 and U-Na overlap each other% U-Mg8 is slightly
affected by Th-MY; this is only a minor line, hence an
overlap coefficient is easily determined. In the pregence
of thorium, U-Mg is used, and an overlap coefficient is
applied to the measured intensities (prior to data
reduction).
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zable 61: Elements and ltines recorded with some common
rystals used in WDA., :

Crystal Elements Lines
K acid phthalate (KAP) o . Al-O K
b d : ; :
Rb acid phthalate (RAP) . ' » Al-0 - K
Mica ' ’ 4 ' S—Na g O
Thatlium acid phthalate ( TAP) Al-0O K
: o e
Ammonium-dihydrogen phosphate (ADP) TI—JE‘ K
. Ba—-As L
X Pb=U M
Ethylene diamine dextrotartrate ( EDDT) V=Si K
“ ' - : ., Na-¥ L
° : Pb-U M
Pentaerythritol (PET) . V-Si K
‘i : ‘ Nd-Y L
" Pb=U° M
Quartz {SiOz) ‘ Co-P L
: } - Er-Zr L
Lithium fluoride (LiF(200)) ,  Se=k K
Ta—As - L

v

At present, two programmes are known to effect
\ ,
reduction of mlcfoprobe da;a,iincludiné full YZAF?
corrections for u-LQnes. L.Qi' COR-2 ( Henoc et ale.y 1973)
and FEPAC (Springerl“3976).‘These must be adaéted)to the

local computer. COR-2 refers to a permanent data file for

>
constant parameters used at various steps in the reduction.
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This tlle‘hust be extended for uranlu;,'thorlum. and raré- ~

- earth Ahalysis-‘ FEP}C uses A set of equations to: calculate

most pﬁra-etersfﬂs required; ‘
/ .

WVhether data are recordéd on tapes{‘cassettes,

e
/

gﬁhc ed cards, or paper depends on %heflnsfallatlon. 2

/
/

fDepending on the mode of recording, ratios of }ntenslties

-

\ & e
\fample divided by standard) will be calculated by desk
\ N

»
-

calculator, or by computer programmes. Yhen recorded,
correc tions gor variations in the probe current'ﬁo aperfure
current ratio should be applied to the raw data by

o

independant programmeé. Corrections for overlaps are not

inclUfided in the abov mentioned programmes, and need to be

applied prior to final reduction.

{

E-_ELEMENTS NOT ANALYSED

-

Light elements are not analysed quantitativély by
microprobe; they ure.Qetermined either by stoichiometry or
by difference. When oxygen ié the on}y light element
present, it can be calculated gtoichiometrlcally- When
'gdditional elements, such as hydrogen, carbon, and fluorine

are exbgcted, they are treated together with oxygen, and the

sum of 1ight elements Iis calculated by difference. The

—— o ——— —— o ——— T S " o

1 Such a complefed file‘is listed in appendix I

»
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computed average atomic number of a phase will not differ

much whether all light elements are

!

attiibuted an atomic

number of 8, or if their weighted average atomic number is
calculated, since. in most minerals, oxygen is, by far, the
most abundant light element (l1.€+9y the weighted average

atomic number for the light elements wduld be élose to 8 inr

most cases).
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APPENDIX III

' SANPLE TEMPERATURE BENEATH THE. ELECTRON BEAM

Es)

_Accordlng’to Friskney and Haworth (i967), ;he’r{se’
in temperatﬁre at a point bombarded by electrons, located a
a distance 'r"frombthe centre of the eiectron beam, can be
calculated as follows:

3W0(3—r2/r5)(1+2ln(R/ro-r2/rE))

‘ T(r) = —~————iee e . —ommmmeo s

v

where: T( r)= temperature increment at a distance *r' fromnm

’

the cen'tre of ‘the beam

7}0 = radius of tHe beam
R = radius of the sSpecimen

Ky = thermal conduc tivity of the coating
K = thernal'conducfivity of the specimen
Yo = total power absorbed

1 = thickness of the coating.,

For the following values: .

To

1«10~ %cm
P = 1 cm ’ 20 /

303 <



Yo =15 kV x  1.0e10-Samp < 10-1

AN

(Only about 1/10 of the current passes through

[

- the last 300 micron aperture in the ARL-EMX

1nstrunent_used and with the Operating

conditionsg sﬁggested;)v

1.5¢10~6 wattg

“

K = 0.004 cal/éec-cm-'c (as obsidian) -
X .
= 0.016 watt/cme“C
Ky = 0.5 watt/cme"C (4.e, about 1/4 of

the conductivity of aluminium)

1 = 2001.

©

At the centre of the beam, r=0 and:
r/ro= Q

the equation thus becomes:

3W0x3(1+21n(R/Po))

) s e ———

4x3. 1416[(131K1)*3Kro(1+ 21n(R/rg))]

—------.._--_-



APPENDIX 1V

IDENT IFICATION AND PET&OGRAPHIC DESCRIPTIONS OF SANPLES

Table

Table
Taéle
Table
Tabie

Table

62

63

64

65

66

67

i

Ldentlficatlbn of the samples from the Baie

o

Johan Beetz region S
Petrographifc descriptioné of the samples from
the Baie Jobap Beetz region

.Jdentification of the‘boulder éamples from the
DuddridgewLake<réglon |
Petrographlc-descrlétlone of thé‘samples from
the Duddridge Lake reg;on

Identification of the samples frém the
Charlebois Lake reglon L

Pefrogﬁapﬁlc descriptions of the samples from
the Charleboié Lakf region

'

s

All the percentages (%) giveh in the petrographic

o

descriptions were estimated visually.

305
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Table 62 Identif ication of the sampltes’ from the Baie Johan v
. o .

Beetz area

number rock type
JB-1 . white pegmati te

JB-2 white granite with uranophane’and,allnnlte .

4
v

Y

i
3
3,

B

JB-3 . pink granlite

JB-4 _pink biotite granite

JB~5 white biotl te

-

granite (at contaéf with pink biotilte

f ~

.pagmatite)

JB-6 pink biotite-

garnet gneiss
)

JB-7 pink biotife'garnet gneiss
JB-8 bt;tlte and apatite rich granite
JB-9 fractufé gilllng in\granlte ; . ‘/
JB-10 muscovlte;blotite pink to gnéen grdnite
JB—;iA " medium plnk to’green granite v |
JB~-12 coafse gﬁeehish gbanlte
JB-13 coarse greeﬂléh granite - . .,
JB~14__ garnet‘bearlng médlu; green granite /
JB-15 = shear zone in white pegmatite
JB-16 pink pegm;tlte :
JB-17 shear zone in neélum.;reen granlte'(sampl; Jé—18)

JB-18 medium green granite

__...._...._-——---—._—————-_-—-_—.—___———_,---_a-‘_--———-_—-—__—-.._
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Table 63 Petrographic descriptions for samélea from the’

\

Baie Johan Beetz region

SampLe JB-1

mineral % deschiptlbn

~quartz - - 15 undulose extinction

hicrocllne ) lOlfilﬁgnedT’éloudy brownish appearance
o : . .

plagioclase,//”’//;g/ Angs; cloﬁdy brown appefrange, more -
| alteréd than microcline
mgséovite\ <1 sﬁnllipatches and velnlets'ln
plagioclase

chlori te , <1

b i a
ti tanobetafi te RS | vellow to fed} qlhost opaquey,
| “ metamict, biaxial
Y .
uraninite <1 roundish ' ¢ 4 -
modazifg {1 automorphous
}enoflme <1 aufomoéphous
apatite 0.1

3

annlnligo.nnnazlxgv_nnﬁ_xznasimg tend to cluster together.

~ Iexture i“granbblhétgc

Average graln size : 1 cm; accessories: 0.1 mm

_.——.—————-—-—-.——-—-.—-.’--———-——--—---————---_————_-—_----.., .
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table 63.coht'd..,....Sample JB-2

¥ . e

quartz 15 undulose extlnctibn .
microcline ' SO altered; cloudy brown appearance .
plagioclase © 90 Anggy more altered then microcline
muscovite <1 small patéheé and veinlets in

) - 'plagloclase
uranini te <1 roundish

monazite ) <1 automorphous

’

lgnnzxxg;inﬁ.npnninlig tend to cluster together; no apatite

/

_or xenotime were observedes

Texture °* granoblastic o
Average grain size 3 1 cm; accessorles: 0.1 mm
. / .
-
»
¢
7,
Q, 03
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.

table 63 cont'd--.i-..Sanple JB-3 ) ;‘J:
nlanal % description

—————————————— -.-—_.———_————-—-—-_.——_-—-—_-—--—---—---——_-——!—--

quartz " 40 gnduldse extinction, round grains

lncluded 1n feldspar
~—wmicrocline 40 perthlélq, light brownish surface’ ot
wlth large plagloclase exsolution S
Fe-nuscovite ‘ { in veinlets associated with i}ﬁénlte

and incltuded 1n microcline ’

/ uraninite <1 roundish ]
ilmienite <1 .
rutile - 4
calcite ‘ . <1 interstitial between rutile and
i ilmenite '
~

- Ilmenite, rutite and calcjte are found together with mlno;
amounts of Fe;muscovitpz they are remnants of a large broken
grain (2x4mm ). The rutile is automorphous and displays

\ rhombohedral shapes.

\szxnng’= gfanoblastic » .




table 63 cont'deacseoesSample JB;4

— - —— - —— —— v ——

quartz
microcline
“plagloclase
biotite
muscovite
uraninite
“monazl%e
xeno time

zircon

5

% description . . -

10 undulose extinction

Syfaltered brownish surface

65 Anzg alterad bboﬁnlsh"surface
20 brown )
<1 associated with bioti te
1 often.fraéturéd
1 automorphous
<1 aﬁtomorphous

<0.1 automorphous

The ntininxig is often fractured. Seen in transmitted 11ght;

the black grains appear to be composed of two phases under

/

reflected lighte. One ;hasep,uraninite, is grey, more

reflectant and fractured or 'explodéd', the second is grey

to slightly gréenlsh and fills in the fractures or

- ‘constitutes a maJor‘pait of the 'opaque grain' (30 to 95%),

it is beileved to be carbonaceous mattere.

v

.

The radioactive grains do not tend to cluster together.

c

Iexture : granoblastic —
Average grein size : 0.5 cm; accessories: 0.3 om
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table 63 cont®de coceeeSample JB-5 °

quertz 80
microcline <1
‘plagiocl;se S
biotite . 15
uraninite | fO.l
apatlte <1

~ monazjite » ' BOR |
zircon ‘ <0;1
p
muscovite . <1

~

The biotite is chlorit
very finely dléseming%

their wide radiogenic

Texture :“gfanoblastic

undulose extinction
alte[ed; cloudy surface

N

Anzs,Kaytered} cloudy surface
brown, dark red ‘to nearly black in

section pgrnllel to (001) ‘

roundish

automorphous
"automorphous

.

associated with uraninite in blotitev
ized or turning green. It contains
ed uranini te grains easily detected by

ha loes.

e5 cm; accessories: 0.3 mm

- ——— - — ——— — — —— — — i == ——
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table 63 cont'd.......Sample JB-6

mineral % description N
quéntz 8 undulose extinction ;
. ) ]
. 4
microcline 60 perthitic with large plagioclase g

exsolutions; slightly al tered

JECTRIN= "N

p1n¥loc1ase 10 as exsolution in microcline
. %
blotite { 20 two generations (brown—-green and ng
. ~ j
brown) 1
garnet “ 1 fractured
muscovite ' <1 associated with biotite
chlorite <1
uraninite 1 two phases as in section JB-5
apatite ; <1
) ) . ~
monazi te <1 automorphous " -

\
-

Two generations of hlotlte were reéognized,,the firsj one,

more important (15%), is brown and green, and contains .

AN

.urahlnlte; the secondlls brown, cuts grains of the first
generatiqn and ls‘ubaninite freee.
Texture : granoblastic
Axg;ggg_ghgin_glhg : 0.5 cm; accessories: 0.3 mm'



table 63 cont'deceecese Sample JB-7

——_-——--_——-_-———————-—-—--—-—‘—-_—_———.\\‘—q_—-———-_-.—-—-—

mineral

quartz
microcline
plagioclase
blot;te

‘garnet

monazi te
xenotime
zjircon

uranini te

apatite

<1
<1
<1
<1

<1

N

description

undulose extinction

J13

altered; cloudy brownish appeararfce

brown to almost black

often hosting uraninite

automofrphous
automorpnéus
automorphous

two phases, as in section JB-5

<

Zepnotime, monazite, zircon, uraninite and apatite tend

cluster together.

Texture : granoblastic
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table 63 cont'd......k. Sanple J'B"’S

quartz

microcline

plagioclase

biotite
‘muscovi te
fltanobetafite
monnzité °

zircon

apati te

s

‘20
<0.1
<0.1

2
1

<1

&ésépiption

- ——

interstitial, undulose extinction

altefed, brownish, perthitic with

large‘exsolutions

©

~zoned; Anzg at the centre with a rim

of about Anzg the centre is very
altered; the rim is freshs
green to dark red (almost black)

1)

assoclated with biotite
automorphous
automorphous

-

« -

Monazite and zircop clus ter together. They are strongly
& .

radioactive and usually occur in contact withy or close to,

bioti te.

Iexture- : granoblastic

Average groln-size :

.

{

LI N S -

045 cm; accessor;eé 0+3 mm

~

-—
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25 undulose extinction

18 a}tered; turbid surface

N - ;
plagioclase —410~-"altered, brownish turbid surface

1
i

allanite 8 pale brown at the'ientre, with
\
A\ .
( \ darker rim ]
,)‘ .. N ) ° b
, xenot{mé\ 20 automorphous, altered
samarskite 2 automorphous
* .
uranini te S5 automorphous
/’ M .
/- thorogummi te¢ i\\fractured, often as a ri@ around
7 N ! .

xenqtime

zircon 1 clear, zoned

This sample had a very aitered aspect. This is reflected in
the thin séction by 1ntense.tractur1ng especially around
xepdfime and samarsklte;

Xenotime is zoned and has ; brovhlsh‘centré.witﬁ a pale
yellow rime. Sohe grains show exsolution df a@&h phase.
Hﬁgnlnilg»is rimmed by a thin red coatinge.

ITexture : granoblastic



7

mineratl %
qu;}tz 15
microcline 5
plagioc lase 15
biotlte 3
chlorite

muscovite <1

. W

xeno time <1
monazite <1
~uraninite <1
titenobetafite <0.1
Monazite and xenotime
Texture : granoblastic
Axgmgg_xx:un_su&=1

—— e < e

316

' . §

—— e - — A ————— ——— — ——— — -

undulqse extinction

altered, cloudy appeafahce\

Aﬂgo; véfy aiiere;, cloudy brown

surface with flne.flﬁkes of mica;

antiperthitic | %

brpwn to dark red to almost black
chloritized pa?tly or wholly

assoclgted with biotite

automorphous

automorphous

roundish

tend to cluster together.

cm; accessbries? 0.3 mm
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table 63 cont'deesesessSample Jp-11 C . 2
I \\\
------------------ —————m——sT T ‘;_f“""""""'"""' - 5
mineral % description } ' o ﬁ
- y
)
quartz 55 undulose extinction
microcline . 25 altered pbrownish surface tinely
perthitic
plagjbclase 20 zoned,-Ani7 at the centre with a rim '

of about Anzse The centre is very
altéted with §lst1nct\f1akeé of micaj
the rim is ffesh.
biotite 4 brown to dgrk red to almost blacky,
| 9 chloritized.

chlorite - <1 associatéd with blotite @

muscovite 1 assoclafed with biotite and

plagioclase 1 : : ’
titanobetafite - <1 | ' '
uraninite <0.1 round#éﬁf AN |
apatitqi . ) {O.l autoéorphous . - S ) .
\z{rcon ; <9&1 #qtomorphous
moﬁazite <0.1 autémorphous

Titanobetafite. _uraninliter _apatiter _uxgsm_ug—mnzx_t_e.
cluéter together, and occur lﬁlcontact with, or close to,
piotite.

Texture : granoblastic : /\wji\

Averoage graip size : 0.5 cmj accessoriesi 0.5 mm . ,
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‘table 63 cont'dececseeSample JB—-12

undulose extinction » v

slightly altered;l Carlsbad twinning

Anjg-1s 3 slightly altered

automorphous with seams bf’magnetite
automorphous !
uutomorpﬁoué, yellow to green

zoned

mineral % description
----- L N
quartz : .30 )
K-feldspar ' 20
only.

élagioclase w‘ 40
biotite 1 brownish green
stilpnomelane <0.1
sphédé ‘ 1
n§nazlfe <0.1
allunltei\ ’ ' 1
zircon ‘ - <1 gutomofphous,
apati te jkO.lj automorphous
titanonﬂtafite r(Ooly

n
uraninite. . 0«1 roundish
magnetlte‘ <0.1

included in -sphene

Mannzliig_zingnno.nllnnixzo_ansiiizy_;ixgnnhginiixg_nnﬁ

. [
uraninite cluster together and occur in contact with or

incltuded in biotite.

Average gralpn size @

granoblastic

2 mm; accessories: 0.2 mm

."

- -
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table 63 c_onf'd..-....Sample JB-I;B

©

minéral % déscrlptlon )
quartz 50 undulose extinction _

miér;cllne "40 sl;ghtly altered .
-piagloclase ’ 8 zoned, Anjo at.the centre iltﬁ a rim

| ' of ;on;’An‘7-‘The centre is8 very |
’ altered’with distinct flakes of mica;
the riﬁ.ls fresh |

biotite "2 chloritized . ;
chlorite- . ~ | alterationrof biotite : | _ '%
‘muscovite _ <i associated with biotite E
ti tgnobefafite ‘ (0.1A | . , . .
uranlnlté <0.1 automorphous E

monazi te <0.1 automorphous - _ ' \

zircdn <0.1 automorphous.

Texture * granoblastic
Azgnﬁgg_nggin_glzg‘: 0.2-1 cm; accessories: 0.2 mm

1

e st e el S . e T ——— S T ——— s i — . ——— - > -



quartz

ﬁicr&cllne

~

plagioclase
biotite

chlorite

nuscovité(
stllpnomélane
samufskite
xenotime
;1menite ‘ 
brooki te

magnetite

.

%

20

<1

<1
<0.1

<1
<0.1

<0.1

320

description

——————————— e Fn > o ———— > — v T — T T ——— —— ————

uhdulose'extlnctlon
slightly perthitic with

recrystalllzq&ﬁseams of muscovi te and

gquartz; very slightly al tered

‘Anzg; slightly altered

chloritized

mostly from alteration of biotite and.

in minute pracks:ln’mtcrocllne
assoclated with feldspar
fractured, altered ‘ , g
automor phous

automorphous

automorphous

as exsolution in brooki te

The whole thin sectlon shows damage due to expansion or

fracture of stilpnomelane. .

Texture : granoblastic
S o

—

0.5-1 cm; accessories: 1-0.1 mm

O
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g table 63 cont'd...-...Sample JB-—lS

.~

_——--——-—.————q_—————-——--——-—_-—-—-—-—-———- - ———— . — —  ——— Y — - —_~ —

mineral B ' % description

————————————— e e ot e e e e i i . < o e s e e i S . e o 4 B o S
quartz ‘ 1 lﬁterstltlal '

K—fetdspar 3 [ )

plagioclasé ' 1S Angiy-203 éllghtly al tered

muscovite ) 7

allaplte ' 63" automérphoue; ;oned; pale green 6.

centre with a darker rim

.
s

samarskite 4"

xenotime 4

uraninite ' 1 s&ﬂlautomorphoﬁs

ilmenite 2 o

brookite ~ <0.1 inclusion in ilmenite

J

-

Allgnijg is the main constltuent of this thin sectlon
anmnxaxxxﬁ,_xangixmg,.unnniniigo_legnxig_snn_nngnkixg occur
in the plugioclase. .

nglugg : gpanoblqsticﬁ
‘Axggégg_gggin_glzg :’1 cmj accessories:’l mm

- AT —— e T > e ol S —— - M T — Y e T Y WY A G P > D T . A D i W — - —— — - o - - ——
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table 63 cont®decees -.Sqmple JB"16

B .
T —— T ——— D " S —mn = - - - e " s - . o > e o —— — ———

mineral % description
" o :
microcline ' 4S slightly altered o
N . ) ,
plagiocldse, 50 slightly altered; a rim of about Angzp

is barely distinguishable from the
centre Angs
muscovit; - 1 associated with microcline and ‘in

3

patches‘and veilnlets

samarski te <1 ’
xenbtlme I <1'
allanlté 5 automorﬁhous; zoned (pgle greeh -
N o N centre ;igh a darker rim)
\ uraninite ' <1 automorphous

/7

\ 7 Lo N N ) o
This section.résembles section JB-1S5 but the gllapnite is

less abundant, other minor minerals such as: samarskite,

e

zepotime‘afdd uraninite eccur in feldspar mostly in contact

with or close to the allanite.
Texture : granoblastic
Average grain size : 1 cm; accessories: 1 mm

- o e e e o . e o e e S o om0 i 2 P <2 i o o S 4 S o S o o e - - -
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L : .
td’ble 63‘cont'do,.,.....Sample JB‘17 . ) '
S e m S S e ——— e
| .
m#neral % desoription
| . \
—'T————-i-—-—~-—-—- ————— - - - D o s D S e D S — o~ — —— - — = wtn -
| , .
q#artz ' 85 mosaic extinction
| . . . , ,
biotite : 4 pale brown, with eyes of quartz

between cleavage planes

éphene 4 automorphous; dark nk, of ten w;thg

inclusions of zircon

! : . ) /
q1lun1te 4 sub—-automorphous; zoned |( pale green

centre with a dark gréen or brown

/ ‘
N

rim)
zircon | | . <1 automorphoulll
.Qranlnite <1 nadtomorphousi .
Srookite <1
samarski te <0.1

Snnsngo;nllnnligf_zixggn,_nnnnldliao;nzgﬂklig;nni_anmnnakiigak-4’

.

cluster together and occur in contact with or close to

»

blotlte./

/ 4 ¢

Iexture granoblastic . )
Axkcggg_gxgin_gizg : 1 cm; accessorlés: 1 mnm
3 R , |

3 5
-—— - - — T S T - S W . " T T ——— ———— —  ——— — - —— ———— ——
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table 63 coﬁ%'d,..--..Sample'JB-IS

mlneral‘ o % description

quartz . S0 undulose extinction

microcline 20 slightly altered; finely perthi tic
hplagloclase 28 Anpzs; very altered with distinct.

flakes of mica, cloudy appearance

biotite 2 ,brown to green

muscovite <1'.assocl;ted with biotite and ,
plag}qclase

chiorlte <1 alterﬁtlon'ptoduct; bseudpmorph of an

hexagonal section but the presence of
the primary mineral was not detected.

zircon <1 autoﬁorphous

Texture : granoblastic

Average grein size ! 1 cm; accessories: 1 mm

o < ——— ——— —— i " T —— > > Y S D A U P e e T O T T W D U o e S U U D e B o S S Sy 8 = S ===
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prle‘64” Identlflcation of the boulder samples from the

Duddrldge Lake region

number  rock type

N .
DL -1 mefh-&hgose
DL-2 qug-apgosé ? ) {
pL-3 neé;;;rkose
DL-4 meta-arkosge -
DL -5 r migmati te )
I;L‘6 A grey dyke . )
DL-7 | meta¥§unrtzlte ’
DL-8 qﬁarlef;c-meta—arkose ) A | \
-DL~9 ' meta~arkosge S <
DL;10 meta—conglonera£; \ E " Y
e —————— -__-_-.\‘.& _________ —————— —
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1

Table 65 Ret rographlic descriptions for samples from the

Duddridge Lake region

N
Sample DL-1
mineral ' ‘ % description
quartz 55 undulogse extinction
microline . 35 altered; turbild surface
ptﬁgloclase S <fresh about Anjgy diffuse twinning
biotite S pale brown ° e
calcite <0.1
zircon <0.1 -
chalcopyri.te 1 autémorphous
ilmenite 1 fine interstitial blades
*brannerite!? <0.1 roundish, with reddish haloes
Ti-V phase . <0«1 roundish," with reddish haloes
'branpnerite! grains tend to cluster together. ?hey'aré

surrounded'by ped staininge.

-

Texture : porphyroblastic

Average groln slze : 1lmm; accessories: 0.1 mm (ilmenite) to



SN

~rutile : <0.

327
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table 65 cont?'desececesSample DL-2

quartz 45 most.grélns are discrete and show no

undulose extinction . ‘

“mlcrocllne 5 altered; turbid surface
plggioclase ‘altered; turbid surface, Ang—-10
biotite 3 sbrown ‘ . 6;3
musgovlte 2 pale brown to colourless ¢
tpbrannerite <1¥‘ ssoclated with red staining

U-Pb-Si phﬁ% ae A(l crack filling and in small pockets

L)

\]
7

Elﬂiﬁlg_ﬁnﬂ_nﬂsggxllg either cluster together to form smaltl

pockets or occur separately as dispefsed grains thfoughout

the sample.

Texture : equigranul™r to mortar

Azgg‘gg_gggln_ang : 065 mm; accessories: 0.01 mm

-—— - o — — —— — —— — — " ~ ——— — — ———— . G s T iy D D s D ) Y e e D s S Wi A v s s e o
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table 65 cont'desssessSample DL-3 S
_----.—_ . - - - 2 -y v e e 2 o i D e i e S i R e e Al o A
T S .
mineral [/»~$f description
quartz’ : " .50 undulose extinction ‘ ) .
microcline J 418 altered; turbid surface
plagioélase 20 altered; turbid surface, Ans-3 0
biotite .- 2 brown
Lo // N - . - -
muscovi te elteration of plagioclase
‘ ‘ . -
.calcite ‘ alteration of pltagioclase: -
uranini te 3‘ soft, occurs in bands of discrete
'’ gralns
X : v
A'brannerite' 1
4+ “
. 3 . . . NE 4 o
U-Pb—-Si .phase - - 1 &s cluster and fracture filling
\ Cw L o ’
carnotite ’ <0.1”,§§soclatéd'to.U—Pb—Sl phase
' - kel
.‘/ .
The composl&ioﬁ\?f the plagioclasge is difficult to estimate

becatise it is damouritized and 1ts twinhing is diffuses.

o

Spbrannerite' occurs as grains dispersed between the ma jor
constltﬁen%g,ot the rfock and as'inclusldns in feldspar. a

N

Texture : equigranular '

' ) . ,
Average groin size : 0.5 mm; accessoried: 0,01 mm
_— ’ e e e Foimmm
, s
, > ¢
i
N -
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table 65 cont'deecsececesSanple pL-4 eh

—----——-—-—-.—-—---————-—_—-__--——----———.-——--------—--——_—_——-——
N . . . \

;,Y” ' mineral S % description

o o - . T W T D P T D D S = -».-_———‘--————-———.——--—_————---—.-—

_/) ‘ © quartz ’ 755> undul ose extinction in the larger
- , 00 b )

grains, normal extinction in.sma?ler

: “/ grains : ) {‘

n%Froéline o 30 fresh ;
plagioclase 7 fresh, Ang; diffuse twinning /
. ) . /
blotite , . 2 pale,browh to pale green, ch{orltizéd
zircon B <0,1 ionéd
) . .
uranini te 1 .roundish
E - U-Pb-=Si phase - 1 mostly ussoclate& with uraninite
.pyrlée , kO-l automoréhﬁus V ‘%
'branperlte' <1 | roundish :
mngnétlfe ‘ <0.1 ussqciated with uraﬁinite . J
31QggAinLig;gnn’anﬁnnénllgl'occuf as intérstltial grains‘und—/’///

1hcluded in quartz.;and feLdsﬁﬁrslwheye’they display Lﬁrge

lféddish black hhldés.,Ihterst1¥1;lvgt;1ns dp not display
huloesg%?ﬁadJacénf ;e1dspars‘or quartz.%Bbfh‘are soft and
alteredaandy occnsignally show ;eplaéement by or

overgrow&hs of, magnetite.

Red to yellow staining is abundant between grains And in

cleavége‘p}anes. ”
Texture °* equigranular’
Alggggg_gxgln_ang : 0.5 mm; accessories:? 0,01 mm

§ - ;
_-—--",--———-—_--—o—_--—_-—--q--—-—--—--—-—----..«,----,_"--__s—_._'r- Y

.
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“table 65 cont'd;......Sanple_DL-S

I

———— ——— — —— . T W D —— o — — — — — ——— —— - ——— —— —— — - > - ——— — —— Y W2 S~ -

mineral - ' % . descriptlapn
quartz ) . 60 wundulose extlnct{on\\\\v//ff,
) . Ty
microclin : 25 fresh .
plagioclase 10- generally fresh with some lurge{

flakes of hydromuscovite; Anjg-312

biotite 2 " chloritized

muécovlte B 1 o

uraninite o <1 roundish

thbrannerite! ' 1 roundish !
‘monazite . <0.1

pyrite <01

rutile g <0.1 ‘
 Uropinite apd 'brannerite' occur as ih sample DL-4. They are

less abundantlthan in the lattér specimén;wrron staining is
also less abundant.

Texture : mortar té equigranular

. A!ggggg_gzg;g_ﬁizg :\imm:‘accessoriesz 0.01 mm
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table 65 cont'd-...Jl;Sumple DL-6

-—— — — — —— — —— . —— = -— - — — — — —— —— . ——— . ————— -

mineral % description .
quartz : 45 undulose and-plain extinction -

. microcline 16 little alteration * -

little alteration; An3-;5E diffuse

-

plagioclase
4 . .
' “"twinning

biotite ﬂbé&vn | o . F
'nrgnlhlfeﬂ "1 very altered, roundish '{
U-Pﬁ—Si ph{fe B 2 imostly,agsoclated with uraninite “
chaldopyr}te : <O.1 
argénépyrite‘ ““ <1 . R s ..
cobaltite <1 ' - | w ‘

. - ! * . “ . =
ilmenite -1 flne»lpterstitlal blades ' ‘
rutile . <0.1 o o X
'brannerite! ’ <0.1 o ° . :

Uraninlite is ﬁostly interstitlai. It is altered and ;ccurs
as remnants in yellow‘redd;sh;patches.
Butile and Ti-V oxide are intergrown.

"Arsenopyrite and cobaltite otten'?orm mixed grainse.
Iexture : porphyroblastic, gﬁaissi; B |

Average grain size : 1 mm, acdeésories?_0.0l mm ) -
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table 65 cont'decsscsce Sumple ’Di':"’

mineral ' % description
., .
quarté - 85 ;ndulose extinction
Am;crociine ' 10 altered; turbid su;fgce
;iagloclase'. , a0 altered; d;mohrltlzed; very diffuaed
twlnhlng; abdut Ang g N

caiclge o <1 associated with plagioclase
blptlté‘ "." ' 1 pale‘brown y ’ .
’ﬁﬁscéQi%eA ‘ | . 5 |
‘zoislte . -. : <1’ .
chalcopyrite . 4 often assoclated iltb ﬁuscovite
sphene ; lﬂ'ﬁ;th segregation ;t_rufile’undv

) ;fit‘lmé:rxite S R C
rutl}e.; <0.1% Asaoéﬁatgd vith sphene
llimenité. . | {9-5 assqéiated Qlt@%&phene .
apatite <01 'gufoﬁorpﬁbus .\ ‘ T@i
mon&zité : . <0;1"agtom6rthUB
»'brahneritef <0.1 _vé;y altered
U-Pb-Si phase (O.th

Texture : equigranular

mw;g: 1mm, a;ccess'ories: 0.01 mm
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yéble 65 coht'd.......Snmple DL-8
-lneial . % descylptlon
quartz 50 in large gralﬁs with mosglc
extlné&lon
microcline 10 _ﬁresh
plagloclése ‘ 30)‘£fesh, Aﬁ;s
biotite ' 3 brown | |
ilmenite ‘ .‘ 1. fine lﬁterstltial bla¢gs
ruj;le‘ ‘ 1 automorphbus, éften-wfth a reddléh
3 »hal? |
cob;[tlte S automorphous .
saftlorité o : <0.1_‘
chalcop&rite (0;1
~zircon <0.1
'brannerite' - <0.1 roundish, wléh-reddiéh‘halo
) T;—Q oxlide <0§1~ - |

r

Cobaltite often occurs'as‘clustefs of grains growing on the

" edges of rutile.

Iexture : porphyfoblastic, schistose

.Axg;ngg_gngxn_glgg ! 1 mm; accessories: 0.01 mm




..... ———— -\ o e e e o o e o e e
«A«<x~»~~‘\\ | | _
\\. mineral | % descf&ption/
e
}quurtz 440 -undu%bse extinction
microgline 10 gltefed; turbid surface
plagioclase 48 alm#at fresh, some damouri tization,
Ang 3
" biotite 1 Lpale brown to pale green
muschite{/ <1 .
calcite <0.1 . .
¢ . N
ilmeni te 1 fine interstitial blades
chalcdpy;ltel . <0.1 ° |
;ﬁrannerlté' <O;1 rouAdlah; surrounded by yelloi
stalhln; °
S . apatite ’chtgmorphous

<0.1

Texture : equigranular,

J

slightly foliated

A

v@m; accessories: 0.01 mm

- — ———— — ——— — - ————— " —

- —— — -



‘mlxgqre of biotite, ilmenite and mica with epidotized
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table 65 cont'desceeesSample DL-10 : o .
e o o
- ke - ——— > . - — s W — T T —— -
P
s . |
mineral s % description : ‘ N
. quartz - 60 as pebbles in 1$rge sutured grains

and as smaller grains in the matrix

biotite , 13 brown
. . /U £
muscovi te 2 .
/
garnet 1 altered to quartz and mica, and
‘epido te, frhctured
epidote 1 replacement of garnet
itmenite 15 —te
nonaiite 5§ automorphous i
zircon - 3 automorphous R
apatite N 1 automorphous
" ,4' :-" ' " . S
Texture : granoblastic . . = .

.
Average graln size : coarse fraction: 5 mm

tmatrix: 0.5 mm to 0.03 (accessories)

The coarse grained fraction of this meta-conglomerate
consists of'guartz pebbles while the matrix is a intimate

P

garnet, ilrcdn, apatite, monazite and finer grained quarfz.f
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Table 66 Identificatlon of the samples from the

Charlebois Lake region

- -— — - — - et D G G ..---—-‘—-------—-----—----—————_---

number-. rock type

cL-1 migmatite )
‘CL-=2 migmati te
CL-3 migmatite , , -
CL-4 . 'pe;matlfem
CL-5 .  migmatite -
TTTTTTTTTTTTTETTTTTTTTTT - oy

o

N




\ . . I AR S P SR

, ‘\ 337

Table 67 Petrographic descriptions of the samples from

the Charlebols Lake region - W

Sample CL-1 (average of two polished‘thin—sect}ons)

.y
—— — -—— - - —

mineral % désérlption
—————————————— - e ——— e e e z
quartz | 7 wundulose extinction
orthgclase li‘ ‘20 alferéd; furbid appearance; not
twlnned
plnglociase 62, zo;ed; altered damouritized cepf;é of

undetermined composttion'wlth a

fresher rim of about Anzs

- L . I
v, R 12 RS TE  E E

biotite 10 reddish brown, to almost black; with ;
chloritized iones " ?
muscovite ‘ 1 in ?eldspar and as small flakes. ‘ ;
groqu_blétlte | :
uuraninlte > <O;1 hbstly'remnaqts
. monazite ': <0.1 aﬁto;orphous,ipinklsh to yellovish,m
metaﬁict |
zircon <0.1 automorphous, clear, zoned, metaﬁict ,
;yrlte . <0.1 lamellar ﬁostly inclu&ed in biotite

3 L

in cleavage planes

-

O
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Innnzxigo_zlnnsn_nnn4un;h1n11£ do not appear to be
asséclated with bloflte. Both zircon and monazite have low
birefringence (first order whi te), thisAls imputed to
'%etamictliatlon. When in contact with b{otlte. monazl te has
a radiogenic halo, while ziréon does note Included in
piotite, cubic shapes of yellovléh dark green t; ﬁroﬁnl
material appear to be remnants of utunln;te; thej are rimmed
by & reaction ZzZonees One?graln of uénnlnlte appeared frésﬁ,
 1t is lpCIUded in plaglioclase.
Texture :equigranulaf .
Axgggqa_gggln;atzg 2 S mm; accesspries: Q¢S mm

. % ] -

- —— ——— —

te
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table 67 cont'd.......Su—ple CL~-2 ‘ » *
e e i e e e e i i e e o i o 7 e e A e e o S e e S o o b
mineral ' - % descflption
e e e e s e e s e e e e e e I
quartz ' 20 undulose extlﬂctLon
ogthoclaag .29 (not_twlnnpd. cloudy surtdce !
micr9c}1ne -' ‘ 1 twlnn;d, cloudy surtace .
plagioclase ' 40 altered, damouritized, about Anag
piotite ' 10 brown

monazl te <1 automorphous, yellowish to pinkish,

netgmlct

zircon <1 automorphous, clear, zoneﬁ. metamic t -
/

uraninite : <0¢«1 remnants, hematiticed

pyri te . <0.1 lamellar, mostly included in biotite

b
between cleavage planes P i

[ . . . L

, ~
Cubic shapes of yellowish dark green to brown material

appear tovbe remnants of ux‘nlnljg. They are rimmed by a

reaction zone or the host mineral (biotite of feldspar)e.

Monazite zircon and uraninjte are mostly included in or in v .
‘contact with, blotite. The-biotite occasionally shows kink ’

structure around the included grains. Zircon, though -
metamicf,‘impéints no radiogenic halo iﬁ the biotite while

monazite does.

Iexture 3 mortar

Average grain size : 3-6 mm; accessories: 0.5 mm h”/’J///—_
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table 67 cont'deeceseesa Sample CL-3 (average of two thin-

sections)

4] . _ ’ ,
mineral % description
quartz ' 40 undulose to mosaic extinction
vl)}
or thoclase ‘ 1S slightly altered; brownish surface,
. ' not twinned f
. i - A o
plagioclase 30 alteredy, damouritized; about Anss > N
biotite ’ 15 brown
zlircon <0+.1 1in biotite, with radiogenic haloes
'Qranlnlte : <0e1" hematitized remnants with reddish
haloe »
e

/ o .
/ ' :
.

Texture : equigranular to gneisgic v
. gic .
¥

Average grain size : 5 mm (equigranular), lmm (gneissic). , R
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t%éle 67 cont’deceecceSample CL-4 (average of two thin-

‘sections) ‘}4 ” /
mineral % description
'quart; - 40 undulose td’moéalc extinction
orthoclase 5 ;{¥g§e&; turbid surface, not twinned
piagldc}use; 40 zoned; fresh rim, g;ner;lly’not
;g . twlhned, of about Aﬁ;s with twinned
damouritized centre ;t lower T
refrative indices (Angg?)
biotite . 15 brown )
muscovite k\\\\ : 'l occurs around biotite
monazite ‘ <0.1 automorphous, yellowish to pin;ish,
L .
metamict
zirc;n <0.1 automorphous, clear. z6ﬁed, metamict
uraninite {Q.f géﬂqgﬁts o >
galena . © <0,.1 Pagellar, mostly ldclude& in biotlte'
— K in cleavage planes |

-

Mopazite bilotite and uraninite are mostly associated with

biotite. They occur as in sample CL-2,
Texture : equigranular to mortar

Averoge grain size : 2-5 mm; acéessories: Ol mm

7




%

. fable 67 conf'd. ess oo Sample 'CL“SA

342

remnahts <>,

\

- -

clear,

ﬁiperdt' - déscript}on

'quartz\\ 5 -undul}.osevez_ttincti‘on~

ortho?lage S altered;

élnéloclaéé 35 altered, ¢h-ourltli¢d,

biotite .sg brown

»mquo;;té (§1 6géurs around bioti te

zircon <O:i gufo-drphoué, zoned,

nQnailt; :<0}1 aufomorphousy
metaplét

. - .

‘pyrite‘a4 <1:

'gaiéha ' <0.1 \

'ﬁranfniiev <p-1

turbid brownish surface

_about Anzs °

r
[8

metamict

yeilowish to_plnkish,

[Qngzk;g;gnﬁ_zlgggn are méstly aésoclated with biotite.

zlrcon does not.

J

_Texture

-

schlstose

Axg:az;_xhgxq_axz¢.=

Monazité ilveé blae to ¥mdiogeni

12 mm;

—
by

accessories:

e i o e s i e

s .
v

¢ haloes in biotite while
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4 table 67 cbnt'd.-.-.:.Sa-ple CL-5B-
mineral ' % description J,
‘ : "

-1
- i - > S o e P T D TS e SIS T A W > T S S W W, - — e Y ——— Y W G g P G G Y - -
o

quartz -  ‘ | Sw%pndulose ncfloﬁ

licrocliné 45 b;;thltib, ioder;tely alfered; turbid -
| surtac;. | |

pluéioclase 45 Azonéd vefyfﬁltered damourl tized

centre of about Anzs with a fresher

rim of about Angzo

muacov{tev@L ' 1

biotite _ 3/;brovn ’
apatite* . <i- automorphous o ‘,A
hematite <0.1

uranlnite . K0.1 remnants

Texture, : equigranular to mortar

e

W © 5 mm; accessorles: 0'.2 mm

N

— - o —— o — e o o e e —— o i e o

B



