“RHENIUM AND OSMIUM IN SOME

' GANADIAN ORES BY NEUTRON A CTIVA TION

S ANALYSIS

H

X

~

By

J.N. SCHINDLER, B.Sc., M.Sc.

3
s

A Thesis

Submitted to the School of ersmdies

in.Partial_ Fulfilment of the Reql.xirements
for. the Degre-e

Doctor of Philosophy

_ McMaster University

May 1975 .

¢ © J.N SCHINDLER 1976

e e i R a e - a-oaa . =



RHENIUM AND OSMIUM IN SOME

CANADIAN ORES -

e e

e



DOCTOR OF PHILOSOPHY _ = . McMASTER UNIVERSITY
(Geology)- ' S Hamilton, Ontario. '

e
TIQE: ‘Rhenjum and Osmium in Some Canadian Ores by

Neutron Activation Analysis .
"AUTHOR: John Norman Schindler, B.Sc. (M cGill Univefsity) .
' M.Sc. (University of London, England)
SUPERVISORS: Professors H.P. Schwarcz and I.H. Crocket

NUMBER OF PAGES: xvi, 254.

. SCOPE AND 'CCI)N'I‘_ENTS:

| Netlltron. activation analysis pro.ce.dures'hé‘i.ve been d_evel%
for the determination of rhenium and osmium in commoh_metallic A
minerals frorp_é. .wlide vafiety of ore deposits. The Os method is baséd
on double distjl]:ation. solvent extraction and precipitation of the metal.
The Re method uses double anion exchange, solvent extraction and pre-
‘cipitatibn. -The.ac‘curacy of the methods were checked against molyb-
.de'x-lbite and Cu-Ni matte st:a‘.nda.rds.‘ A literature purvey of the rhenium
and osmium is presented aga the ge_o.logy of the. deposits i.s %resented.
The analytical res.ults are discussed in terms of the currént feasibility

of dating ores by the Re~-Os method, and their geological significance.

ii



Bickell Foundation. . -

. ‘.v.h
-

ACKNOWLEDGEMENTS . \
. ) f’l . ‘- «
_ The author wishes to expreés his sincere thanks to

Professor H.P. Schwarcz and Professor J.H. Crocket for the advice
and assistance they ha{re_ provided as supervisors during the course -

of this /\401‘ . Professor Crocket introduced the author to the techniques
o ) - o

of his research laboratory. The author also wishes to than the other

members of his supl-er\@ist_)\ry committee, Professor W.B. Clarke and

Professor R.H. McNutt fon the/i{r advice and encouragement.

—

The research was supported in.'i)art bykbursarieS'from the -

=

Ontario Govermment andaMcMaster Universify'. and by a bursary frorr."fltl'x_e,.

-

'Ju‘ DN
1

o

‘Mrs. Joyce Allén'-typed the manuscript and Dr. H. Verma

'

acted as midwife during the final stages of delivery.

iii

E



CHAPTER 1.

CHAPTER 2.

¢

CHAPTER 3.

2]

B

TABLE.OF CONTENTS

' INTi{ODUC'TION

e

GENERAL STATEMENT
RHENIUM
OSMIUM

b. *’Terrestn‘al

SCOPE AND PURPOSE OF THE PRESENT STUDY
NEUTRON ACTIVATION ANAL_YSIS OF RHENIUM

AND OSMIUM

1.

General Considerations

2. Nuclear Data, Nuclear Reactions and Decay

Schemes

SAMPLE PREPARATION

NEU TRON ACTIVATION METHOD

FLUX MONITOR AND PREPARA TION
1. General Statement

_21. Standard Stock Solutions

3 Diluted Standard Solutions

4. Flux Monitor Standards

5. Carrier Solutions

CHEMICAL SEPARATION OF OSMIUM AND RHENIUM

1. Osmium
2. Rhenium

- a. Separation by Distillation

b. H,50,

c. Purification by Anion Exchange Resin

H3P04 -HBr Distillation

COUNTING AND CALCULATIONS

ﬁ -Counting

. p7 Countin g Equipment

‘b. Decay Curves

¢. Source Geometry
2. y Counting

a. Equipment

b. Evaluation of Photopeaks |
3. Element Abundance Calculations

iv

DATING BY THE RHENIUM- OSMIUM METHOD!
1. Decay and Half-Life of 187Re :
2. Current Status of Rhenium-Osmiium Chronology
.- a. Meteorites

Y

Page

g N

11

11
15

16
16

19
24

28

28

. 28
28
29
29
- 30
30
30 .
33
35
37
38
39
39
39
39
43
43
43
44
47



CHAPTER 4. EVALUATION OF ANALYTICAL METHODS . 49

. GENER.AL STATEMENT
ACCUR_ACY AND PRECISION

. . 1. Osmium
. o . & Rhenium

CHAPTER 5. GEOCHEI&ISTRY OF RHENIUM AND OSMIUM

N 'I‘RODU C TION ) ’ ) 53
: : NATURAL ISOTOPES . ' 54
R ‘ ' ' 1.. Rhenium : | - 54
ﬁ T 2. Osmium 55
i ' PHYSICAL CHEMICAL PROPERTIES OF RHENIUM
AND OSMIUM _ 57
1. Electronic Configurations - . , : 57
2. Oxidation States ' ' ) ‘ 59
4 . a2, Rhenium. ’ : 60 -
, b. Osmium - _ 64
« ‘ MINERALS OF RI—IENIUM AND OSMIUM , 66
, 1..Rhenium . 66
" a. Concentrator Minerals of Rhemum - 70
;- 2. Osmium B 79
, DISTRIBUTION OF RHENIUM AND OSM}_UM 80
1. Terrestrial ; » 83
" a. Igneous Rocks ) ) 83
b: Sedimentary Rocks 86
c. Metamorphic Rocks and Tektites 89
d. Zone of Weathering ' ' 91
e. QOceans o i . 92
f. Ores ‘ . 92

2. Extraterrestrial e ‘. . 98

CHAPHTER 6. DISCUSSION OF THE MAIN DEPOSITS SAMPLED AND

ANALYTICAL RESULTS 102
; STRATHCONA MINE ' 102
; o HEATH STEELE MINE | ©108
- ADAMS MINE (BOSTON IRON FORMATION) | © 110
1. Location and Regional Geology 110
2. Local Geology . o111
: A :
L v
i
i
]



BIBLIOGRARH

vi

116

128

GUICHON CREEK BATHOLITH L <
1. General Statement ' oo 116
2. Regional Geology ‘ - 116
3. Ore Deposits : 117
CRAIGMONT MINE L 122
GRANISLE COPPER MINE ' ' e 123
i 1. Location an »oional Geology o 123
2. Local Geology 124
3. Ore Deposit 125
KIDD CREEK MINE 127
. . . 1. Local Geology -
Yo OTHER ANALY L-RESULTS ° 131
CHAPTER, 7. DISCUSSIO w 132
THE CURRENT FEASIBILITY OF DA TING METALLIC
MINERAL DEPOSITS'BY THE RHENIUM-~OSMIUM »
L. METHOD ¥ 0 132
- 1. General Statement =~ ' ‘ 132
2. Assumptions 133
! . 3. Sample Calculation 135
: 4. Nature of the Data Used 140
5. Some Deliberations. 141
6. The Suitability of Various Ore Types to Re-Os-
- Geochronology 187 163
7. Assessment of the Half-Life of = Re 168
THE RHENIUM AND COMMON OSMIUM CONTENT
OF THE ORES 170
1. General Statement " N\ 170
- 2. Contact Metasomatic and Volcanogenic Massive
Sulphides 172
3. 'Porphyry Cu and Porphyry Mo Deposzts ‘ 174
.+ 4. Iron Formation 182
-.5. Genetic Cons1deranons 183
- CHAPTER 8. SUMMARY AND CONCLUSIONS 189

192



APPENDIX A-1" 4

PROCEDURE FOR RHENIUM AND/OR OSMIUM

STANDARDS § | . 216
(A) Preliminary Treatment for All Standards 216
(B) Osmiium- ~only and Rhenium-Osmium Stand‘\rds 217

(i) Separation of Osmium : 217

(n) ‘General Treatment for Rhemum St:a.ndards 219

APPENDIX A-2¢ :

TREA’TMENT OF SAMPLE’:s o 221

(A) Preh:mmary Treatment for All Samples — 221
(B) Separation of Osmium i 222

(C) Punflca.tlon of Rhemurn Standa.rds . ’ 226 -

APPENDIX A-3

| o \,
PRELIMINARY TREATMENT OF ANION EXCHANG .o
RESINS h ; - 235 .
i
. APPENDIX A-4 - !
- TRACER EXPERIMENTS ON ANION' EXCHANGE -
RESINS = ; _ 238

G

APPENDIX B

EVALUATION OF SELI‘-ABSOJE;PTION OF 186’Re

AND 1910s p~ ACTIVITY IN RHENIUM AND OSMIUM .

PRECIPITATES _ 242
“.APPENDIX C | ' ' . m\

SMPLRDESCRIPTIONS | 248

1. Main Deposits ' ' « 248

2. Oghe}D_eposits N 253

vii.



1-5

LIST OF TABLES

Bibliography of Rhenium Abundances dctcrmmed

'by Neutron Act:.va‘aon Analysis

v

‘Osmium Abundanc:es in Some U.S8.G. 5. Rqék

Standards by Neutron Activation Analysis

Biblicgraphy of Osmiu/:rz ‘Abundances
!

7. Co
Half-life and Decay Energy for 18 Re obtained
by @n'ect countmg .

7 .
Determination of the Half-Life of 18 Re by the

Page '

10

T3

‘Geolo'gica'l‘ Method

_ Comparatwe Ages of Molybdem.tes 14
Nuclear Properties and <Production Factors for
Rhenium and Osmium ' 18

‘ ‘ ) o P : > )

. Localities from which Previously Prepared Samples
were Obtained . _ : ' L27.
Osimium Abundances in Cu-Ni Matte Samples 50%
VRhe‘niu_m Abundances in Standard Molybdenites o 51

1 . . o

Comparison of the Rhenium Contents of Some British
Columbia Molybdenites obtained by Different Analysts -53

Stable Isotopes of Natural Osmium . ~ y. 55
Electron Configurations of Some Transition Elerments 58
3 N _ . _

Vapour Préssure Data for-Re,O, S k0

Some Physmal Chemzca.l Constants of the Transition
'Elements - . 63

Physlcal and Chemical Properties of Dz,hezka.zgam.te 68

Composition of Dzhezka.zga.nlte BaSed on X 1a.y' ‘

Spectral Analysis’ } . 69

s

T wiii



5-7
//'\
\53_

5-9

5-10

. Page
- Minerals Known to Have High Rhe'niﬁm Contenté 72
Composxhonal and Unit Cell Data for Osmlurn—
bearing Mmerals - . 82

A

Rhenium and Osmiumf Abundances in Standard Igne;ou'
Rocks ' JER ‘ '

oo -

Rhenium and Osmium ARundances in Common Ignecou
-« .

Ro cks

Rhenium and_Osmium Abunda.nces in Sedune.n.xary an
Met’imorphlc Rocks and Tekt:.tes '

Rhenium Content of Sedimentary Ores s 90
. X d >

Rhenium and Osmium Abundances in Oceanic Environ- -
ment ‘ S . 93
Rhenium and Osmium Abundances in Meteorites 99

Some Rhenium and Osmium Abundances of Lunar

Materials | ‘ L 100
Analyﬁcanzesms: Strath;;ona Mine k 106
‘An_a.lytical ReBIiltS: ’I—I.ea.t..h Steele Mine . 110
- ALl‘y}tj.cal_Results: "Adams Mine ' | ) 115
- Analytical Res;%llts: Centr'alj GuichonA]{Batholi't_h - R V-
.Analy‘ticz;'.l Resuifs:_ Cra;igfnpx‘{t Mine \ 123
Analytical Resu:lts: lGranisble Copper - 1%7.
Analytical Results: Kidd Creek- - . 129
Rheniurn_‘bontent of Mo;ly‘bdehites irom Mc.:;S2 Producers 131
'.Ageé Asgigned tlo‘t'in Equaticns (4.) and (5) 136 “
.Data for P01n‘ts ‘Used in Model Isochron Dlagra.ms 139

:\r
Range in Ages Expected by Re -Os Method for Six

Metallic Depos1ts . - N 150

’



1-5

7-6

7-9

7-10

187

Os* Content of Metallic Deposits

" Intradeposit Variation of Common Osmium:Rhenium

Ratios
lB?OStot /1 605 and 187 Re /18605 in Some Metallic
‘Minerals

Rhenium in Copper—-iron Sulphides of the U?SR‘

Data for Calculation of Os/Re Ratio, a Typical
Highland Valley Porphyry- Copper Deposit

Rhenm.m Content of Some Porphyry Cu-Mo and
Porphyry Mo Deposits :

Geological Features of Rhenium-Bearing MOSZ Ores

Re-sults of l9105 Self-Absorption Experiment

: 6 . )
Results of 18 Os Self-Absorption Experiment

Page
154
159
162
171
175
177
179/180

e

244 -

246

pat i ey 42

PR NP Y S PP i

Fe e i L

i1

P

A s e o i b #E e e a i hoL



7

FIGURE 1-1

326

B-1

Mass. Spectra of Osmium

LIST OF FIGURES

Decay_Shcheme of 18'6Rc:

-

Flow Sheet for Preparation of Base Metal Sulphides

‘Fldiv Sheet for Sample Prepara.txon oI Molybdemte

Concentrates and Magnehte

Fl.o\v

cet for Radiopurification of Osmium
e
Flow Scet for Radiopurification of Rhenium
- : 186 ’
f- DecayCurves for-#0.5 Hour Re ‘
- 19Y L 3
B Decay Curves for 15. % Day 9105 and 31 Hour 19305

Gamma -ray Spectra for rhenium Flux monitox
Standard and for rhenium seéparated from Mplybdenite

Evaluation of Photopeak of a Gamma Spectrum

7

Page

21

25

26

34

36

40

41

45

46

56

D1str1butnon of a, Rhem.urn r1ch Mineral in Sulph1de Ore,

Zaire : “ &
Stru'cture of Hexagonal Molybdenilte‘
The Nomenclature of the Natural Alloys of Os;an

Map Showing Locations of Depgsits Sampled -

Strathcona. Mine, Geological Section Showing Loca.tmn
of D1 Stope

Heath Steele, Geology and Sample Sites
Map Showing Regional Geology of the AdamB-Mi.ne ;

Geology of the Boston Iron Range in the V1c1n1ty of B
Adams Mine . '

" oxi

77
81

‘102a

107
109

113

114



Paue
b chology‘ of the Guichon Creck Batholith « ‘ 119
6-7" Gcolbgy of Granisle Copper Minc and Sample Sites 126

6-8. General Geology and Sample Sites: Kidd Creeck Mine 130

o - 'y~,-7" 7-1 Model Re-Os Isochron, ADAMS MINE 142
R YA '
T l— ' . ! d r—_- . ' .
7-2 Model Re-Os Isochron, CRAIGMONT MINE 143
. 7.3 Modcl Re-Os Isochron, GRANISLE COPPER 144
7-4 Model Re-Os Isochron, GUICHON BATHOLITH 145
7-5 Model Re-0s Isochron, KIDD CREEK 146
7-6 Model Re-Os Isochron, STRATHCONA MINE 147
187 . 7 6 '
7-7 1 7,_(3.5/18605 vs. 'IB'Re/w Os in 14 Iron Mcteorites 148
187 . ... " R ™~
7-8 Os* Abundance as a function of Age and Rheniut
. Abundance '

A2-1 Separation of Elements with Dowex }-X8 Anion :
‘ ExchangesResin | ' , 234

fal

A3-1 DiagramA of ion exchange column equipped with cooling

jacket ‘ ‘ - 237
A4-1 Elution Characteristics of De-Acidite FF (Cl form)

using 2.3M HNO, o 240
A4-2 Elution Characteristics.of Dowex L-X8 ~SCN form E

eluted with 0.5M thiocyanate-0.5M HC] Solution 241
B-1 0.14 MeV B 19103.Sel£-'AB'sorption o / . 245

‘ - 186 ~
B-2 0.93, 1.07 MeV p° Re Self-Absorption 247
o .

xii



e a e — A\

—_— e e o s o ETNVETAT T T 4N T Tt

LIST OF PLATES

Page -

PLATE A2-1: Apparatus for the Qigtilla.tion‘ of Osmium 227

| )
!

A2-2: Apparatus for the Distillation of R?l‘x!_cnium 228

|
3
\
- /
A
£
L
——
J
. 3
::-{":, X ‘
o
I
’
aiii



Timh o e

"Gaspé Copper. - The aim of the study was to evaluate
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ABSTRACT

Rhenium and commo‘p osmium have been deter%’nined by
neutron activation analysis in Ehe‘:se Canadian ore deposits: Heath
Steele, New Brunswick; Kidd Creek, Strathcona ana Adams Mine,
bntario; Craig:rnont, Granisle- Copper and the Highland Valley Camp,

British Columbia. Rhenium was determined at B. C. Molybdenum,

Endako, Boss Mountain, Brenda Mines, Preissac-LaCorne Batholith,

the feasibility of dating a variety of ore deposits by the. rhenium~-osmium
isochron method, and to obtain information on the distribution of-rhenium
and osmium in ores.

Osmium was purified by H,50,-H,0, distillation followed
,-HNO, and H,S0, distillations. Rhenium was purified using

H_ SO -H
4

5 PO4-HBr distillation and De-Acidite FF anion exchange resin,

2
or with De-Acidite FF and Dowez 1-X8 anion exchange resins. The
results for rhenium and ¢smium standards compare favourably with
those of previous workers, except for Matte No. 1517,

Rhenium-enriched deposits are: (i) molybdenite deposits,

particularly porphyry copper molybdenites, with rhenium abundances

xiv
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at'the 0,1% level, (ii) Strathcona, where rhenium ranging fi-_om 25 to

255 ppi). is three times more abundant than common osmiﬁm, (iii}

the principal metallic minerals at Craigrﬁont co‘nm'irkl from Z.to 37']{1333. o
. L

rhenium. Osrriiuap is enriched at Strathgoha and less so at the Adams

Mlne,:wherle 3..20 ppb. Os occurs in banded magnetite iron forfﬁaition.

Molybdenites excepted, half the rhenium abundances range

-

from 0.1 to 0.9 ppb, one order of magnitude less than previously deter-
mined f.or ore rninerals by neutron activation. Common osﬁium abund-
ances are generally lower by two orders of magxﬁtude than previously

: determin‘ed by neutron activa'tion,_ and range frlom 0.0l to 0. 09 hppb. ‘ /

i .
r Calculated 18 Os* (radiogénic) in the principal mi{Iezjals of
9 : 12 =14, :
ores 10° years old, is generally 10 to 10 gm/gm. This precludes
' ' < .

: o .
application of the Re~0%;>¥hron method to volcanogenic massive

sulphide, banded iron formation, contact metasomatic Eid molybdenum-~

p deficient ﬁorphy‘r opper ores of the types examined here. Lo

Y5
Nickel-copper ores similar to the Strathcona deposits ar;a-rg
g :
amenable to Re-Os dating. The Strathcona ores could be used to refine

e 187 | ' '
the half-life of Re. ‘The Fiskenaesset area, Greenland, and uranium-
1 . .
copper ~vanadium deposits of the Qélorado Plateau warrant consideration

in any such attempts. Investigation of selenium-rich minor minerals in
o b

volcanogepic massive sulphides are recommended for Re-Os studies.
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The bulk rhenium content of ponphyry Cu-Mo dep051ts

appears to be s1gn:_flcant1y greater than that of porphy—ry- Mo depomtsb
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CHAPTER I

- INTRODUCTION

>

GENERAL STA TEMENT
Rhenium, atomic number 75, and osmium, atomic number
:?6, are among the 'ieast abundant elements in the crust. In addition,

rhenium is also widely dispersed. For example, its average abundance-

- I

in some common igneous rocks is about 0.5 ppb and it is concentrated
. . -t -

in ielaﬁvely few minerals (Morris and Short, 1969). © These factors

combined to delay the discovery of rhenium until 1925, .although Mendeleev

-

had predicted the occurrence of element 75, which he named dvi- »
. N -
manganese, ‘as early as 1869. The discovery of rheniurn is generally -

credited, although by ho means unequivocably so, to Noddack, Tacke\.-qnd

Berge (1925).

RHENIUM

| Noddack and Noddack (1931), using a spectrographic method,
performed a systematic search for rhenium in a wide variety of minexials, _
.and wrere. also the first to detectr its pfesence in meteori%és. A period of

about twenty years ensued in which the main interest in the 'geoéhemistry

at
- e



of rhcnnugn was restricted, albelt by the limitations of the technology

| of the times, to its distribution in ores of relatlvely hxgh rhenium
 content (Hiskey and Meloche, 194 0; FleiSCher.,l959; f—’etgrébnﬁe_t al.

) 1959, and Myers et al., 1960). It was not until neutroﬂ activation °

L

analysis was adapted to the A‘nalysis of Thenium (Brown andfGoldberg, -

+.1949) that reliable results for low abundance levels becamfe attainable.

The extent to which neutron a.ctivationvanalysis has since been used for

the d'etermina.tionﬁf rheniunl‘i is indicated in Table 1-1.

A considerable amount of work has heen conducted by Russian 7.

researchers on the geochemistry of rhenium. These investigations.
v ' ' ' e

have been based mainly on colorimetric methods of determining rhenium

(Badalov et al., 1962; Moraghevskii and Nechaeva, 1960; Razenkova and

Poplavko, 1963, and Zhirov and ;[vanov;?a, 1959). A summary of the

Russian literature on the geochemistry of rhenium forms the basis of a

r

. '.paper by Ivanov et al. (1972). Recent investigations by most other

. workers have‘been concerned mainly with the distribution of rhenium in

]

meteoric and lunar materials.

OSMIUM
~ .

Osmium, a member of group eight and the third transition

Y

series, has the highest measured density of any element in the Periodic

Table (Hamrhond,_lg'?S). - Itis one of the least abundant elemernts of the

" platinum group and data on its geochemistry, even in platinum ores,

N



o~

‘Table 1-1
Biblibgraphy of Rhenium Abundances Determined by Neutron Activation
) T Analysis ‘ , 2
Reference

Material Analyzed

Iron meteorites:

éhpndrites: '

Achondrites:

Lunar samples:

Tektites:

Igneods rocks:

‘Sedimentary rocks:

~.Metamorphic rocks:

Brown and Goldberg ( 1949); Goldberg -
and Brown (1950); Herr et 2l. (1960),
(1961); Fouche and Smales (1966);
additional references in Crocket (19 71).

Herr et al. (1961); Morgan and Lovering
(1964); Morgan-{1965); Perezhogin et al.
(1965); Fouché and Smales (1967); Case

et al. (1973); Keays et al. (1974).

Perezehogin et al. (1965) quoted in
Morris and Short (1969); Morgan (1965) b, .
quoted in Lovering and Butterfield (1970).

Lovering and Butterfield (1970); Herr et al.

(1971); Lovering and Hughes (1971); Michel
et al. (1972); Morgan et al. (1973); Keays
et al. (1974); Ganapathy et al. (1973).

Lovering and Morgan (196‘;).

Morris and Fifield (196l)a, b; Morgan
(1965); Morgan and Lovering (1967);
Iovering and Hughes (1971); Krahenbuhl
et al. (1973); Morgan et al. (1973); Keays
et al. (1974). ' ‘

Lovering and Morgan (1964).

Morgan and Lovering (1967). <

y—




“Table 1-1 (continue(;l)'

Material Analyzed

Metallic minerals:
(a) Molybdenites

St

(b) Other sulphides

(c} Miscellaneous .,

manganese oxides

“co lurnbite

a

" . Marine:

{(a) Waters
g AN

(b) Organisms -
(¢c) Plants

{d) Sediments

. .Ishida et al. (1966);
‘Meshri et al. (1963). ,

Reference
Herr and Merz (1955); Hirt et al. _
(1963); Allegré et 21. {1964); Morgan
(1965); Ford (1965); Ishida et al. (1966);

Herr et al. (1967); Morgan et al. (1968);
Terada et al. (l97q0). ;

Morgan et al. (1968).

N

-t

Scadden (1969); Matthews and Riley

(1970}; Olafsson and Riley (1972).
Fukai and Meinke {1962).
Scadden (1969).

Olafsson and Riley (1972).




a C ' . i

are limited. Platinum-bearing ores of igneous affiliations are associated
- with both Ni-Cu sulphides and with chromite in ultramafic and mafic

. ) a _
rocks. In these ores, osmium is sufficiently concentrated to occur
as the native metal, and to form native platinum group alloys such as .

iridosmine {Os: 32-80 wt. %), osmiridium (Os: <32 wt. %) and ruthen-
osmiridium, as well as minerals in which it is alloyed in minor’

quantities with platinum and palladium. It also occurs as the sulphide

i -
S

3
minerals erlichmanite and laurite and the sulpharsenides osarsite

3 o)

- and 4rarsite (Cabn‘:-il,'1972).
’ Prior to the application of neutron activation analysis pre-
analytical concentration was generally required for analysis of osmium
iﬁ natural meterials. The results and ‘sensitivity lifnits of tl';ese methods,
which stll re:‘prfasent the largest pool of osmium data, 'have_z been dealt
wi_t-h by C‘ro'cket"(l969). Recently, Chung and Beamish (1968}, uéing
radiqacti'vé tracer techniques, inves£i'g’azgd the quantitative di-still.atiqn

of trace quantities (50 to 70 pgm) ~o.srniur‘n in a method which has
. > " > :

potential application to the carriér-free direct determination®f osmiam

lf‘:-_
. o ‘ . N
in oreg — e
— —~

1 Osmium abundances in the more common’ sulphide minerals

in the Ni-Cu ores of Sudbury range from 0.68 to 68 ppb {Hsieh, 1967).

Cumulate chromites from the Bushveld contain 52 to 114 ppb osmium

(Gijbels et al., 1974), and massive segregations of chromite associated

—



o

L )

A

L v ‘\

with an alpiner peridotite contain 96 ppb whereas primaly disseminated

of galéna concentrate from Australia yielde pb osmiym (Morgan | \

Aﬂ- L 1968). .

In common rocks osmium abundances are conspicuously

low. From the limited data available it appears that in igneous, rocks

o) ‘
_there is a tendency for osmiumi to be concentrated in ultramafic and

mafic rocks with respect to felsic focks as is shown in Table 1-2.

. K -
PN

Table 1;2 : ‘ ,

~

i {
B 1
Standard ' Number Osmium ’ °.
' Rock Type of - s -References
Numbezr. : =10 )
' Analyses 10 gm/gm e o
PCC-1 . Peridotite ° 8 < 73 . " b,d,e.f,g
DTS-1 Dunite 3 : 10.8 a,d {
W-1 Diabase 4 | 2.6 " a,c
G-1 Granite ¢ ) 0.7 - a,c

References: a=Morris and Fifield (1961)a; b=Morgan and"I_,overix_zl'g (196'});_
c=Crocket et al. (1968); d=Gijbels et al. (1971); e=Lovering and Hughes

(1971); f=Millard and Bartel (1371); g=ﬁadkarni and Morrison (1974). .

N




v
Data on osmium. in meteorites have been summarised by
: )

‘Grocket (1968). Average osmiim abundances vary from 4.70 ppm for '
y . = .

-«

»

‘iron meteorités to 657 ppb for chondrites (see Table 5—14_). Achondrites

have an a{rerage "6.S.ﬁliutl}x abundam:e of 2 87 ppb which is comparable

Vil o
s .. " '-m

| g
with the osmium content of ultrad;asm racks (see Table 5-10).
"2 A bibliography of osmium determinatio}ls by neutron activa-
. K . f.' \ . ' - . .
~tion analysis of materials relevant to this work is given in Table 1-3.

RN

o

" DATING BY THE RHENIUM OSMIUM METHOD :

1. Decay and Half-Life of 1s—{Re
Y

' ~.Rhenium is composed of two naturally occurring isotépes,
18!\

187 87 ‘
Re and RQ- ! Re ig radioactive and decays by  very low

187 . . S
energy [3 (,E O 002 MeV) to Os. Therefare, di¥ect counting

-

. experlments ha.ve led to results varying by several o ders of magnltude

o - 5 -,

for both the ha.lf llfe and for the decay energy These results have been
by

1

" sumf arlsed by HJ.rt st a.l (1963) and.are given in Table 1-4.

't

N 187_
. 1. The cur:)ent{;y accepted value for the half-life of \". Re,

o'
4 3x101 years, was obtalned by use of the geologlcx}a\l method (Hirt
. et al ) 963) In tms approach pmneered by W Herr and is co-

workers, very old molybdenxtes oL”known“ absolute age and fwith hlgh

rhenium contents were analyzed.  The rhenium content was determined
. . - ~5 . .

L}
”

— . . 187 . '
by neutron activation analysis and the radiogenic Os determined by -
. H\J A .



-

8
Table 1-3
Bxbllography of Osmium Abundances Determmed by Neutron
’ Activa't__ion Analysis
Material Analyzed = S : Reference
, - Y .
Iron meteorites; ‘ " Herr etal. (1960), (1961); Crocket (1972).

Chondr i._te 5:

-

Achondrites:

Lunar:.
Tektites:

Igneous rocks:

Sedimentary ro cks:

Metamorghic rocks:

Metallic mimarals:

Silicate minerals:
.

-

Marine Sediments:

o~

]

N\

Herr et al.

(1961); Morgan and Lovering

(1964); Morgan (1965); Vinogradov et al.

(1972). Co

Morgan (1965)b, cited in Lovering and

Butterfield (1970).

Lovering and Hughes (1971).

- Lovering and Morgan (1964).

Bates and Huizenga (1963); Morgan {1965});

Morgan and Lovering (1967); Crocket et al.
{1968); Millard and Bartel (1971); Gijbels
Lovering and Hughes
(1,971) Crocket and Chyi (1972); Nadkarni -

et al. (1971), (1974);

and Morr1son {1974).

L.A

Lovering and Morgan (1964).

Morgan and Lovering (1967).

Morgan et al.

{1970); Gijbels et al.

and Chyi (1972).

Gijbels et al. (1971),

(1974)-

Barker and A&h_ders (1968).
\

- 1

,

(1968); Keays and Crocket
(1971), (1974);

Crocket



Table 1-4

. . 7 .
Half-life -and Decay Energy for 18 Re obtained by

. Direct Counting

t

‘ Half-—life(yea;s_) Maxir{lﬁ_rn-ﬁ;lenergy ‘ " Reference
i ‘ _ (keV)}'~
122 . - oy .
(4+1)x 10 ' 43 Naldrett and Libby (1948)
2 - ' SR '
(4-7) x 101 ‘ - Sugarman and Richter (1948)
- . 400 " Curran (1952)
- - 34 Gauthé and Blum (1953) .
>1 ol 21 Dixon and McNair (1954);
Dixon et al. (1955).
11 ' i L
<10 , : <8 ~© Suttle and Libby (1954) -
(2.120.5) x 1011 ' 1 2.4%0.5 - * Walton (1957) o
(3.2&0}7) x 10 20 ANaldrett (1958) .
! , \ ST
7.9%10° » - © . Kocoli(196I
: 11 L
(1.2+0°4)x 10 =3 Wolf and Johnston {1962)
~ 3x1 019 . e o Watt and Glover (1962)
\
I‘\
) - \\ y .
\ w N
> - \.' - '
. & It 3
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Car s

mass spectrometer using the technique of isotope dilution. . No deter-
mination of common osmium is necessary with this method because the
N f ) . ™
_extremely low ratio of common osmium to radiogenic osmium cnsures
that the osmium in these molybdenites is essentially pure mono-isotopic

7 — 7
radiogenic 18 Os (Hintenberger, 1954}, Hazlf-lifevalues for 18 Re deter-

.nAined’by the peological method are summarised in Table 1-5.

-

Tab‘lc 1-5

| | oo 187
Determination of the Half-life of : Re by the
Geological Method

Half-lifc (years) . ) Reference
9 11 ' :
510" - 2.5x10 _Herr et al. (1954)
10 _— ‘ '
8x10 ‘ Herr and Merz {1955}
(6.2x0.7) x 1010 - "Herr and Merz {1958)
10 ' e :
(4.320.5) x 10 _ Hirt et al. (1963)

Qr

- The differences betWeen the half-life values obtained by‘the
direct counting experiments and by the geologic method are thought to
reflect a-fundamental proper.t;,,r .of,the decay proc'ess o£'.187Re. .Gilbert
(1958) and Wolfe and Johhston (1962) suggest that the decay of 18'7}316: is

composed of a f component and an electron-creation component. At

v



iron meteorites and the iron phases of stoney meteorites contain both

11

the present time the exact nature of this decay prbcess is not completely
L L » 187 , |
known but in this work the disintegration of  Re will be referred to as a

[3— ‘'decay. [’

2. Current Stafus of Chronology by the Rhenium-Osmium Method
{a) Meteorites

The work of Herr (1961),and Hirt et al. (1962) indicates that

[

sufficient quantities of rhenium and osmium and sufficiently large

o~

.rhenium-osmium ratios to enable them to be dated by this method with

currer;*tl‘y' available techniques. For example, the average abundance in

-

twenty-six iron méteorites and in‘the iron phases of two stoney meteorites
is essentially in the rapge ofl(to 50 ppm osmium, and 0.1 to 1.5 ppm
o 187 .

rhenium. A value of 6.‘83 for the iniﬁél Os

186 ra._ltio in iron meteorites
Os

has been obtained by Herr etal. { 1962).

(b) Terrestrial

Up to the present time the appliczitionbf age datin;r; by the
rhenium-osmium method to terrestrial meterials-has been centred ma.inll.y
around molybdenites because of their ability to concentrate rhenium in
large quantities. The initial work in this field \;Q.fa's by Herr and Merz
(1955) and Hirt et al. (1963), and these investigations st;.ll consti.tut-c the
most detailed and comprehensive contributions comcerned with the ter-

¢

restrial applications of rhenium-osmium datiﬁg.

3]
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The essential methods used b)-r ‘thes:e workers include
determination of rhenium by neutron activation analysis, énd deter-
mination of osmium isotopic rétiés by mass spectrOmetry' using the
technique of isotope dilution. The procedures us._ed for the determination .
of rhenium are de.scribed byHerr and Merz {1955). Osmium was

'analysed as the tetroxide using a 60° Nier—typ.e mass speciktometer
equipped with a multiplier detector (Herr etal., i961). The limit of
detection for radiopgenic Os is given as 2::10_7 gms with an accuracy
of 10% (Hirt et al., 1963)..

Radiometric ages for molybdenites by the rhenium-osmium
inethod given by Herr and 'Merz (1955) a;.re'_)-based on a value for the
half-life of r henium, 8.xl‘010 years; which is now. outdated. Seventeen
age dete‘rmina.ti.c_ins for molybdenites by the rhenium-osmiurn-rr;.ethod
are given By-Herr ‘_cij:"a_l_. (1967). Comparative ages for seven of these
samples are presented by Herr et al. { i9 6 7 )and ar'.e given in
: ."I'able 1-6.

Riley (1967), using the technique of stab_le isotope dilution,’
‘made a study of the rhenium'abun'dance‘s of forty—tﬁb Australian molyb-
dénites' to evaluate their suitability to Re-Os geochroneclogy. He
calculated the radiogenic:lB?Os content of the samples, and made the

' 87
assumption that 1 ppm radiogenic ! Os could be adequately determined

by current techniques. He concluded that only seven of the forty-two

.~
%



\‘J. 2 ‘ . " ‘JJ : r.-f"—'_' ’ ! . ' (k—"’ . .13
i " L . -

- molybdenites contained sufficient radiogenic 18705 to be datable by
the rhenium-osmium rpethod. -

.. Allegré et al. (1964) used the rhenium-osmium method

to determine the apparent ages of molybdenites from Madagascar, -
Mexico and Morocco. The rh%anium content was dgtermiﬁea by neutron |
activation analysis, and tﬁe total l8705 'abm}dance {(which varied from
0.25 to 2.20 ppm) was deterpnined spec}:rophotometrically. Values

for the apparent ages in the molybdenites varied from 197 to 320 m.y.

“ However, no osmium isotopic ratios were determined and no dates

4

obtained by other radiometric methods were provided for-comparison.

+

Esenov et al. (1970} conducted an investigation into USSR molybdenites, -
copper ores and polymetallic copper ores with'.high rﬁeniu.tn (.2'3_0 to
1100 ppm) and high osmium {0.19.to 3, 7 ppm) contents. Using a
specfrbphotometric ﬁi’ethod they claim ‘to have measured 1‘8705*
(radiogenic) in these o-res. However, no sensit_ivity_limits for osmium

B

are given and the description of the method employed raises doubts aJs

to the validity of some of the ﬁ’sults. .
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Table 1-6
. w - - .
: * Comparative Ages of Molybdenites .
\ (After Herr _t_eiﬂ. (1967) - Modified)
Sample Re/Os Age Cognpara:bzve‘&g'es Reference and/or
Ldcality , 10 yéars 10 'years Method -Remarks
. - : ‘ .
‘Fiskenaes- 3080£70 . 3040450  Rb/Sr Pankhurst et al. (1973).
set, o - ¢
Greenland
gigfu‘t, 1750£50 1000 Geol. Survey Greenland,
reenland Rept. No. 11 (1966) )
“‘Tuftan, 1120+30 1040 Uraninite Communication by
Iveland, ‘Age Professor W. Herr with
Norway Dr. #1. Neuman, Geolo-
gical Museum, Oslo -
)
Spikkestad, ~ 300+30 259 K/Ar Faul et al. (1959)
Norway 308 K/Ar Mayne et al: (1959)
Shap Granite, 430£20 '475-510  K/Ar Mayne et al. (1959)
England ' 3917 K/Ar ) - _
385+11 Rb/Sr ) Kulp etal. (196 0)
380x19 Rb/Sr ) °
"Xamchab,  1130£30 ) Communication by
South Africa ) . Professor W. Herr
Natasmine - 830570 ---;--"’-1--099 AUf.’;m,.ltfa.‘g;;i P;'. Ar.rrT‘;“f’tG‘f?%;
Southwest Africa & TEree ‘re oria
* " Phoenix Prince. _ . Not Communication by
Mine, 2070£140 ~2700 Professor -W. Herr with
. ; stated
Rhodesia

Dr. H. Neuman, Oslo
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- SCOPE AND PURPOSE OF THE PRESENT STUDY
Previous work on the application of Re-Os geochronology

.

to ores have beé:lx concerned almost cxclusiv‘ely.with minérals or ore
f_‘)d‘eposits characterised by high rhenium and high osmium contents,
including molybdexﬁte-rbearing ores and lores of the Dzhezkazgan class,
e.g. Herr and Merz (1955), Hirt et al. {1963), Allegre (1‘9;64),‘ Riley
: : (196'?) and Esenov (1970). | Thesc-z studies' ir‘ldic'ate a lack of ur‘;iversalit}
in the appE.‘cabilityl of tlhe metho_d‘. lObviously, 'if geolchronology by the
Re-Os method is to assume a mo?e significant role the method must b-e
a.ppl_icab_le to a widef‘fange ;af_ore deposits. Further, there is a2 general
paucity of information concerning the occurrence of rhenium and osmium
in thé metallic minerals fq@d in common ore deP?sits. Morgan __t_]._
(1968) conducted an inves tig‘ati'on.of rhenium and common osmium
abundances in molybdenites and some common sulphides, but un-
fortunately, the method used for the determination of osmium was rela-
tively insensitive (1‘ to & ppb).
The purpose of this work is, in the first instance therefore,
to assess the feasibility of dating base metal deposits directly by applica-

vl .

tiof of the Re-Os geochronblogy method using current techniques. /
' Secondly, togrovide data on the occurrence of rhenium and osmium in

the metallic minerals which commonly comprise base metal deposits.

In consideration of th%primary objective samples within each deposit



-

16

were chosen with the intent of maximizing the differences between

Re-Os'ratios. This was done with the intention of maximizing the

potential for/produc:-i.tig model Re-0s isochrons within any one particular
& "

ore deposit.

The ore deposits analyzed span large intervals in the ’

geologic time scale and are representative of several classes of ore

. o
deposits which are world wide in distribution. They include Precambrian

iron formation, cogmagmatic Cu-Ni ore, Archean and Paleozoic strata-
bound volcanogenic base metal deposits, a contact metasomatic deposit,

and pdrphyry copper and pclerhyry‘ molybdenum deposits. A variety of

~

molybdenum deposits were also sampled. "The materials;zr&%d
include both metallic mineral separates and massive sulphides.

All rhéhium and common osmiurn abundances determined in

M
L

i

. this work were obtained by neutron activation analysjs.' This method is

. . . . 187 | % .
insensitive to the radiogenic =~ Os, and because no mass spectrometry

was undertaken, osmium isotopic ratios were not determined.

NEUTRON ACTIVATION ANALYSIS OF RHENIUM JQXND OSMIUM

™

1. Generzal Considerations

_Neutron activation analysis is a method of elemental

abundance determination which is ideally suited to trace analysis. De-
tailed accounts of the general method are given by Moorbath {1960), ~

) |
Mapper (1960) and by Gijbels and Hoste {1971) with special reference

Y
L

A
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to the noble metals. The method

17

— .
is based on measuring the induced.

ra&acﬁvity produced in an element by a (n,y) reaction. The in-
A

duced activity i di‘rectly'%)roportional tc{ﬂ?é/amount'of the element

-

‘present, hence by domparison of this activity with the activity induced
I . .

in a standard irradiated under identical conditions the abundance of the

element can be determined. For thermal neutrons the induced activity

is given by:'

4

A = Nof(l-e”

At

)

where A = induced activity in disilltegrations/s;econd

N = number of target atoms "

. 2
¢ = thermal neutron flux in neutrons/cm /sec

o = effective thermal neutron cross section in barns

- - (1l barn = 10°

24

2 .
cm ) PP e

Lt I~

A = decay constant of daughter nuclide in sec

t = irradiation time (in the same time units as the decay}).

In neutron activation analysis the most widely uséd source

of neutrons is the atomic reactor.

~

In this work samples were:irradiated

in the McMaster University Research Reactor which has a thermal neu-

tron flux of about 13':101

3 to 4x1013

2
neutrons/cm /sec.

[
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2. Nuclear Data, Nuclear Reactions and Decay Schemes
The nuclear data for rhenium and osmium are zq_,;i\.ren in
Table 1-3. The production factor (P.F.) is given by
R 9
_oa ey N\ :
P.F. = w (1-e ) (1) “
and for the first daughter product of species 1
A At XN SNt
i 2
PFzﬂ(l+K_k e 11r_K—lK e 11')
1 2 1 2 o)
where o = effective neutron cross section
a = fraction abundance of the target nuclide

A, = 0.693/half-life of the induced radionuclide

»_ = 0.693/half-life of the first daughter of species

ot = jrradiation time
ir :

rd

The following nuclear reactions occur when rhenium is

irradiated with thermal neutrons j
‘ 22:2hl g5t
185 n. Y 186_ 7 o Os(stable)
Re Red = 905 hr) 186w (stable)
(—’b .E-Co 4-90]'0
187. n,y_.. 188M .
Re Re 'r.l =18.6 m)
y 2 4/
y LT
. 8 -
188 —l—)‘ 18805 {stable)

el

T .
.
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186 188 ‘ L e ~
‘R%and “"Re can also be produced during the neutron irradiation )
. . L
- according-to the following, competing reactions: . )
‘\‘\.,_ ’ ’ ol
- o \\\ )
N 85’ 186 7 o T

184W(n.y)185W T 13. 5 5Re(n,\/) Re - (1)
| t5 =~ .74 days ' | - c
\\ : . ) oo '
186 186 ™~ - {
' %(n.p) Re = ..., T ,\\ ........... P (2) '
i ‘ | ‘\\ d
6 187 i 187 188 T~ 4
18 Win,y) W e B _ > Re(n,y) Re \ y  (3) - i
- t>- = 24 hrs ‘ . )

2 . .
. . i, 18 < o
In this work the radionuclide Re was used because of its
more favourable production and half:—life characteristics. The competing '
r_ea.ction represented by ecjua.tion {2) can occur wifh fast neutrons. /\
. :

However, in view gf the fast neutron flux of the McMaster Reactor and

: L 8 ) ' -11
the low abundance of1 6Os in the samples analyzed (< 10 gm), this

interference’ may be neglected. Similarly, for the competing reaction
in sequence (1), Morris and Fifield (1961) indicate that for 50 ppm tungsten

. s - ‘
a neutron “flux of bc1012 n/cm [/sec and a two week irradiation, the
: 3, ’

\186Re generated is equivalent to ~ 3 picogram/gm. Therefore, this

__source of error may also be neglected.

g m - T R —

¥

86 " =
The decay scheme of 1 Re is given in Figure 1-1.

o

g
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o ‘ . !
. v
PR
N ‘Figure 1-1
- . ‘ 86
Decay Scheme of 1 Re"‘ s
)
i 186 .
*3?7 758
E.C. -
= .B7 0.308(0.4%)
. . , o d
1.5% N 0. 764
- 3.4% :ﬁ— ?7;934
21 :
( ” o 5
0.123 _
4 B 1.072
Stable 186 (74% ' 0.137
. T4 ; ' ‘ ¥
, T Stable ~o° os
: ( 76
- | E\

21"

[

186 . . i
‘Nuclear decay scheme for Re Energies in MeV. Morris and Fifield
(1961a)— Modified after Lederer et al. (1967}

—



" Another possible source of err‘o‘r in the radioanalysis of

.rheniurn' is the presence of c)9m'T<: (t% hr:-1.7T. 0. 0Q18 MeV;

vy 0.1403 MeV). This nuclide is produted in neutron irradiations as

@
. follows:

NN o
| 98m6(n,y)99Mo ] B 99mup / (4) "‘-
: t— = 66 hr. o .
2 o
e

?BTc(n,y)gngc \j ..... : - {5}
. - . ' |

' 99'I‘c(n,n')(';_?rnTc: ! - e o {6)

PRitn,p) e ST

Technetiurn closél} resembles rhenium in its properties u
_ . 7 < ‘
and it is necessary to eliminate it duringbéhe radiochemicall purification.
This was done by means of solvent extraction inlvolving methyl ethyl
ketone.
Cro-cketi’-cil. (1968) present the nuclear d.é"r-ta. of osmium in

o

detail.. The mtlrc‘;"lides most useful foi' determination of osmium in natural :
L 9 g

. 191 193 _ Ny _ /—\/
materials are Os and Os. These nuclides are produced by ir- . .

radiation of osmium with thermal neutrons according to the following

sequences,
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. ' © ' ' a / i
. . . " . . |
19005 n, ! E lglmos N ; . . [} .
. I.T. o o
j,_ % = 14 hrs “ “ . e
- nY Bl g o Ml Gable)
{ > ' : ) % = 15.5 days r.:
N . 'tf 3 :‘,-' B ' - ;}/—‘3‘. . LI
1925 —B2X 5 1936, = 8 7’05 (stable) <
©fe = g = 32 hrs. : e T
- 2
e _ o e

b}
0

1 ! el . A :
? Os was used in this work because of its more favourabl
. -+ T ‘

»
~

\ S

 production factor and its longer héf.rl_f-jlife.
COmpeting--reactiqns which p'rdducé Os rad.i.onuclide's {(by .-~

- fast neutron rea.ct::s.;;h-x on iridium and platinum) are _° : - ' ’ o
=eed ' * . 3 ¥
| | 191 191 A N
/\': 9 ‘Ir(n,p)'?‘ Os . e e e (1) -
! . i ' . .- ) "«

3 ot - ' ‘
193Ir(n,p)19 Os . (2} - -
194Pt(n,a)19105 “ PO (3 B _

. . | ._
196 pi(n,a)' 08 . B (4)

' The reactions represented by equations (1) and (3) are of

. . ° s 191 S . ‘ 5"
particular interest because of the production of ? Os. Calgulations .7

: 12 2
based on a fast neutron flux of 2.5x10 neutrons/cm /sec for the McMaster |
i Reactor, indicate that the interferences resulting’ from fast neutron re-

i3
-t
g -

actions are insignificant under the c;%ditions of this work.

<t

R -
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CHAPTER 2

SAMPLE PREPARATION

¥

f ~

The materials analyzed in this research include pure
minerals, .nafnély sulphides and -oxide's » and whol_e rock sarﬁples.
The latter eategory inclucie rocks comprised essentially of cither
silicates o‘r sulphides. ) |

In thei case of material prepared by the author, care was
taken to ensure that\only ung.ltered materials wexre incorporated in the
sa1.*nple. _ Final purity of the 5amples was controlled using light trans-
mitting a.nci reﬂecting.micg"dscdi:es, until a mir;_im’urn of 98%wwas achicved.
THe flowsheets for the separation procedures are given in Figures 2-1
and 2-2.

Samples‘:used in this research, which were previously
prepared at McMaster ﬁniversity with standard separation techniques,’ -
are listed below. -

r

Samples of pyrité and magnetite frofn Craigmont, B.C.

1

and of pyrite from the Adams Mine were prepared by Lakefield Research

, of Canada Ltd. , Lakefield, Ontario, using a cornbination of magnetic

and flotation methods:

!

24



Crush with steel pestle and mortar

~ Sieve (nylon). Retain < 100#5>200# fraction

Wash in water. Discard suépended fines.

Hand magnet

Non-magnetics : Magnetics )
Pyr., cpy., bo., sph.,’ ' Magnetite, po.,
carb., silicates contamination from
e ' crushing

Heavy lrquid

{MI or TBE)

N R Q N 7
carb., (/ D Franz separator:
silicate * 14.5° front slope

199 s'ide |slope

P | I

|

0.5 amp 0.8 amp 1.2 amp
" Fe-carb. ‘ I I 7 PYT., |sph.
Bo. Cpy. I

Franz separator:
¢ front slope

Abbreviations: L _ Ve q@q side slope,
. AR

bo: bornite

cpy: chalcopyrite ‘
po: pyrrhotite F 1
pPyr: pyrite ' ‘ p)lfr- ! ) sph-
sph: sphglerite Crush under acetone t 200% with
MI: methylene iodide ne to < i

agate pestle and mortar
TBE: tetrabromoethane gate p I

Bo. GCpy. PYT- ' sph.

1.2la.mp

.FIGURE 2-1: FLOW;'-SHEET FOR PREPARATION OF BASE METAL
SULPHIDES
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MolzbdcniteA (MDSZ)- - .
" Concentrates

Wash in acetone
Discard fines

Hand magnet
I .

Magnetic - o Non-Magnetic
Magnetite, po., MOSZ’ PYyr.,
contamination from cpy., carb.,
crushing. ‘ ‘ silicates ‘ p

Contact with
new beaker

\‘

MoS, minor sulphides Iiyzj. y CPY.,
. non-metallics : carb., silicates
\ o o !
\ Heavy liquid
\ ‘ {MI or TBE)
]
MoSZaminor - carlb.l, silicate -
pyx. '\\f:py- ’ |
. \\\ ' ~
Franz separator Taconite Ore: <200#%

20° front slope
01° side slope

1.4-amps: ¢ /ﬁ R

l | Stir in water
PYT-, oS2 Separate with magnet
cpy., . ' in a beakexr
. |
Non-magnetics Magnetite
PYT.,-silicates and minor
Abbreviations: - ) ¢ silicates
carb: carbonates Repeat magnetic separation
cpy: chalcopyrite ' until required purity obtained.
po: pyrrhotite .
pyr: pyrite

MI: methylene iodide

TBE: tetrabromoethane

-

FIGURE 2-2: FLOW SHEET FOR SAMPLE PREPARATION‘OF
- MOLYBDENITE CONCENTRATES AND MAGNETITE

~



Table 2-1

Localities from which Previously Prepared Sai’npl_es

were Cbtained

\
Locality Material Us&l Reference

Bathurst, N.B. Whole rock, o Lusk (1968)
pyrite, sphalerite '

bl

Adams Mine,

Kirkland Lake, Ont.| Whole rock , ' Alcock (1971)
Sudbury, Ontario Chalcopyrite, pyrrhotite Chyi
' - (1972)

< 1004 >200# fraction. This fraction was then crushed under a‘cetone
to <200ﬁ‘.‘ with an agate pestle and mortar.

Prepared samples were stored under acetone.

f
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CHAPTER 3
'NEUTRON AGTIVATION METHOD

FLUX MONITOR_AND CARRIER PREPARA TION

‘ - - i
1. General Statement )

The determination of elemental abundances by the t'echnfque

of neutron activation analysis used in this work ;gi;uires the use of 2 oot

a

flux monitor standard and a' carrier solution. The abundance of the'

element sought is known in the flux monitor standard, e;nd the specific
activity of the standard is used to determine the content of the salme \
e'lhmen;: in the irradiated sample. The carrier, a non-radioactive

milligram quéntity of osmium or rheniurn!, is mixed and ch‘emically
equilibrated with the activated sample osmiurd or rhenium in a high
temperature fusion. Thereafter, hon-quantitative, conventional

analytical procedures,sgitable }or;milligram rather than microgram

Y

quantitiés, may be used for the determination of rhenium or osmium.

-

2. Standard Stock Solutions

it

Separate standard stock solutions of rhenium and osmium

~ were prepared using Johnson, Matthey Chemical Co. Ltd. "Specpure'

potassium perrhenafte and ammonium chlorosmate. Quantities of these
. .

¢
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: 1 _ '
salts, weighed to dryness, were used such that when diluted with
2M HCI fo 500 mls the concentrations of the solutions were 26.67 pgm

Re/ml and 17.57 pgm Os/ml respectively.
~

3. Diluted Standard Solutions

- Volumetric aliquots from the standard stock solutions
were diluted to 500 mls with 2M HCI to yield diluted 'standard solutions

with metal cori-cgtrations of the order of 1. 333 pgm Re/ml and 0.8785

pgm Os/ml, either as combined or as separate solutions.

The density of this standard was determined by weighing 1 ml

aliquots taken with a calibrated pipette.

4. Flux Monitor Standards

Approximately 25 pgms of the diluted s.tandard s;:aiution .was
used to prepare each flux monitor standard. ThE‘! inside of the ampoule
was wiped dry above the level of the liquid and the weight of the amppule
and standafd solution ‘..xlra.s determined. Finely divided Reagent Grade
aluminum oic‘ide powder was then inserted into the "ampou,lle tolabsorb
the standard solution. The powder was dried by heating at 70°C for
twelve hours, and the ampoules were sealed. - Those to be irradiatéd
for more than fi\.lre days were sealed in an oxygen-na tural g:;.s flaine,

and the remainder were sealed with polyethylene éapé.

i

lusing a 5 place Mettler Balance

[
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Ampoules of different dimensions were used during the
course of this work, depénding on the nature of the samples to be analyzed.

In all cases the dimensions of the ampoules used for the samples and the

flux standards were identical.

&

The metal content of each standard was calculated knowing the

concentration and density of the stindard solution and the weight of this

solution in each ampoule.

5. Carrier Solutions

Separai‘:e or. combined carrier sol.utio.ns of rhenium and osmim
were prépzired ufiﬁg "Specpure' potassium perrhenate and ammq\niurn.
chlorosmate frorr\_.w.‘ Johnson, Matthey Chemical Company. The salts were
wéighed to dryness, taken into solution in 2M HCI, .transferred quanti-

ta“tively to a 100 ml volumetric flask and diluted to volume with 2M HC].

- The metal concentration of these solutions was of the order of 2.367 pgm

Re/ml and 2.380 pgm Os/ml.

CHEMICAL SEPARATION OF RHENIUM AND OSMIUM

‘1. Osmium

One of the most effective methods for the quantitative

separation of osmium from other elements, including most of the platinum

metals, is by distillation based on the volatility of osmium tetroxide under
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acid, oxidizing conditions. Boiling nitric acid, perchloric acid or

._sulphuric acid us_e.d"\i-n conjunction with an airstream, are most frl_equently_
employed. -For quasztitative distillation of osmiur-n a strong oxidizing
agent, suchas dichllomate, potassium permanganate or sodium bis-
muthate, must be px.'e;sent during the distillation to ex}‘sure that the
o;smigm is in the octavalent state. Ruthenium tetroxide is also -

volatilized under these conditions. Osmium tetroxide is very'volatile

s

(B.P. 13OOC.) and is extremely toxic. It can cause damage to the eves,

. s . L -l ‘
. lungs and skin when it is present in concentrations as low as 10 ~ grams/

cubic metre (Hammond, 1972), aI;d should therefore be handled with care.

Caution should also be exercised in the storage of powdered or spongy

~

osmium metal which slowly gives off osmiumn tetroxide at room tempera- '

ture.

- a ¢

The procedure adopted for the purification of radioactive

osmium sarﬁples in this work was .essentially 2 doublé distillation method . .

< . . " e e

utilizing nitrogen sweeper gas and solvent extraction prior to precipitation

~

of osmium metal, and is a_éynthesis of the methods of Crocket gt al.

-

{1968) and of Bate‘ and Huizenga (19‘63}.
- Primary purificatior; of osmium is achieved by a sulphuric
acid-hydrogen peroxide distill_a.tion effected at-a max‘imum.tempera.ture of
90°C. Under these condifions. bsmium is selectively and x.r-i.:l:'.tua.lly‘7

quantitatively distilled from ruthenium which is in 2 reduced state

(Korkisch, 1969a). Osmium is ret_ai)ed in the distillate as sodium osmate.

\:‘”\
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The secondary purification of osmium consists of an initial

sodium bismuthate -concentrated nitric acid distillation followed by a.

- ]

" sodium-~bismuthate-sulphuric acid distillation uaﬁ@é procedure of PN

~ P

Bate and Hﬁizenga (1963). Osmium tetroxide is again absorbed into

sodium hydroxide. - : ..
After acidificAtion with nitric acid the osmium is further -

purified by solvent extraction into chlo'i'oform,_, followed by back ex-

traction into sodium ‘hydroxide. The pure aqueous osmium phasec is

acidified with hydro chloric acid and osmium is precipitated as the metal

3

‘with zinc powder. Finaliy, the osmium metal is heated in boiling hydro- '

c:_blx.)ric acid, to eliminate any zinc still present, washed withl water and
I;Iated out in ethanol. The final o.sn'iiurn metal precipitate, for both
standardsA andﬂsamples , comtains bet\’.ve‘e:n.. 3 anél 8% osmiuﬁ‘x oxides
(Hsieh, 196'.?). R
| 'All ai)paratus used for samples and standards waslkept
separate, .and to avoid intelf-eu’cperiment contamination, extensive clean-
ing procedures were used. Chung and Beamish (1968) have shown that a
10% solution of potassium hydroxide in ethanol is an effective agent in

-~

removing osmium from glassware. Cleaning procedures used in this
. \ _
work include an initial soaking immediately after the experiment, hot

water wash, three-hour soak in 10% KOH-~Etoh solution, water rinse,

—
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chromic acid soak and a final water rinse. An experiment to deter-

mine the effectiveness of this cleaning procedure was carried out.

Fouz; biank osmium samples were distilled using apparatus ‘which had
been cleaned as described above. The apparatu§ had pli'ivijysl'f.been
used for the analyses of four Cu-Ni sulphide: matte samples with osmium
contents in th¢ 6 ppm range. This is roughly three order$ of magnitﬁde |
greater than the highest osmium value from geolpogica-tl material obtained.
in this work. Three of the blankhs'amples gavc--ba.ckgroimd counts and .
olle yielded counfs 1-1/2 ti'rnes background.

The ai:oparatus used for the distiliation of osmium is shown
in Plate A;-l. A flowsheet for the radiochemical ;procedures ‘used for the
purification of of‘miﬁm is given in Figure 3-1, and 2 detailed descriptio.n
of the method is given in Appendix A-2.
2: Rhenium

Leddicotte (1961) 'has surmnmarized the séliept features of
the radiochemistry of rhenium, including ;:he determination of rhenium
in a variety of materials us.iné, neutron activation analysis. The chemistry
of rhenium and methods of separating rhenium with possib\l\e"';‘édio'chémicalﬂ
applications are dealt with by Rulfs (1961} and Korkisch (1969b). Little is

known about the toxicity of rhenium and therefore it should be handled

accordingly.

[ .
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FIGURE 3-1: FLOW SHEET FOR RADIO-PURIFICA TION OF OSMIUM
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. Two Pfoperties of rhenium are particularly useful in:
effetti:hg its ‘separation from radio—contamiﬁanté. " The first is ‘theu
volatility of rhenium oxyhz}lides and rhenium heptoxide, which forrn‘
the basis for the distillation techniques, and secondiy the tendenhcy
‘of rhenium in the plus seven valencl: state to fozyln anion complexes,
thereby e_na.bli-ng.it to l;e separated from c‘ontaminants' by either cationic
or anionic ion exchange resins. - -\

In :‘,his work, radio chéfnical purification of rfienium was

-initially based on a .method involving a primary purification by distilla- |
tion and a ﬁn:':ll purification by meany of arion exchange resin. ~Later the
proceciure was baéed essentially on anion exchange resips. A gene,ralils_éd

flowsheet for the radio-purification of rhenium is given in Figure 3-2.

(a) Separation of Rhenium by Distillation

Volatilization of ;-heniuh'; heptoxide, ReZOT' from hof, .
strongly oxidizing a-cids using air, steam or carbon dioxide sweeper gases
has been used effectively in separating rhenium from a la..rge number of
eléments (Noddack and Noddack (1930), Geilman and Weibke {1931),
Hiskey and-Meloche {1940), Goldberg and Brown (195 0). Herr ﬁgi.

{196 0) also dgtermi_ned the rhenium contcnt.of iron meteorites utilizing‘
the separation of rhenium heptoxide from:a concentrated sulphuric acid
solution as a‘ radio -p\'Jrificatilon technique.

s
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The volatility ‘of rhenium trioxybromide (ReO3Br‘) and’

rhenium trioxychloride (ReO3C1) is the"-basis of raddit_i'onal distillation

techniques‘. Hc;ffrr}an and Lundell (1939) volatilized rhenium by dripping

&

either concentrated hydrobromic or concentra_tea hydrochloric acid

into either concentrated sulphuric or perchloric acid solutions at
200 to 220°C using carbon dioxide as the sweeper gas.
Y\

(b) HZ:SO4-H3P04—-HB1- Distillation Procedure

- The distillation procedure used initially in this work as the

=
- primary step in the radiochemical purification of rhenium, was based

S

on the method of Hoffman and Lundell (1939). The procedure consists of

o

volatilizing rhenium, as ReO3Br”, from a concentrated I—IZS’C)%--I-I?’PO4
acid solution, containing holdback c#rriers, at ZOQOC by the dropwise
addition of concentratedﬁhyd'rob_rpmic éi:i_.d.

The following rnetals were use'd_ as holdback carriers;
Ag, Co, Cu, Fe, Mn, Mo, Ni‘and Zn. -Nitro‘geﬁ gas was used as tHe
sweeper. The apparatus (‘sée Plate A2-2) is designed so that.colcf: ,
concentrated HBr can be introduced dropwi.'ge, ata ‘contr‘olled rafe, .
into the bottém of the distillation ﬂasllc, ensuring efficient ‘mixing 0-3? the °
reactants. a

A detailed description of the distillation procedure is

: £
included in Appendix A-2. .
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{¢) Rhenium Purification by Anion Exchange Resin

‘In the latter stages of tfus: \\;g}rk r_é.dj.é-;hemical pu‘ri.ty of
rhenium was obtained th'r-oug'h the uee of stro;ng base anion exchanée
resins. . The r\esults ?y‘f tracer expemments carried out in con_]unctlon
w1t13 this work are given in Appendix A-4. The procedure adopted for
the radlochemmal pur1f1cat10n of rhemum’ls based on methods developed
by Morgan (1965) and by Matthews and Rﬂey (1970) Essenually , the
method cons1sts of purification steps mvolmg the use of De Acidite

FEba.nd Dowex 1-X8, and the removal of technetium_-by solvent extrac-

tion with methylethylke_toﬁe; Rhenium is plated out as tetrapbenyl

arsonium perrhenate.
’ 3

Double use of ion exchange resins was necessary to obtain

rachochemlcal purlty of the rhemum Some previous workers, Morgan

. (1965) and Ish1da. et al. (1966) obtained r'tdlochemJ_,/cally p/;_b rhenium
using a single strong base anion exchange step in a relatively simple

purification procedure. These procedures were found to be insufficient

. P : . .

8. 3 to provide radiochemically pure rhenium in this study.
g , ,

S

s . " .o

—
-
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COUNTING AND CP;I_.CULATIONS

. - . - -

1. B Counting T

{a) Counting Equipmeht '

. B~ counting was carried out using a Nuclear Chicago

pl.anchl::t counting system comprised cssenﬁially of:.' a gas-flow Geiger-
Mueller end-window c”ounting tub-e witl; coincidence lshielding, automatic *
sample changer, scaler-timer and a papr;r 'ta'pe print Outl‘. 'fhe poﬁqting
gas was a 98.7:1.3 mixture of helium:butapc. Thickness of 1;hé -aluminum
windox;v was 150 p.gm/cmz. The average backgrou’nd c;f the detector was

2.0 counts/minute. Eleéctronic drift in the counter was monitored usiﬁ.g

three uranium acetate standards.

(b) Decay Curves

- ;. 186 191 -
The B radiation of the nuclides Re and K Os, with

half-lives of 9_0.:5 hours and 15.5 days resp_ec;cively, was counted.
Radio-purity was established on the basis of decay curves.  Typical

ﬁ.-' decay curves are shown in Figures 3-3 and 3-4.
Samples and standards were countég_gitil they had decayed

to background. In virtually all ins"a!.nce's‘_ the samples were radio-

/

chemically pure. In the few cases where\\small gquantities of long-lived

contaminants were present, graphical corrections were applied to’

Y
“ v

obtain the initial uncontaminated counting rates.
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Abundance calculations were made on the basis of

comparisons of the counting rates of the samples and standards re-

J

calculated to an equivalent time, namely, the end of the irradiation.

In some instances the initial activity of osmiuﬁl samples
was very low, 5 counts /mm or less after background subtraction,
and it w:':‘.s not possible to draw decay curves. In such cases fhc sample
was counted'again after approximately one half—life, a_nd this count

rate was compared with the calculated activity, A_, assuming the sample

2

to be pure osmium and using the relationship

’ A=A
2 1
where Al = ipitial activity in counts/min.

M = decay constant for 19105

t = time elapsed between counts in the same units
as the half-life of 19105.

If the measured.-activity a:_greed within 8% of the calculated activity, AZ' ~

the sample was considered to be pure. Abundances based on count rates
differing by more than 8% from the calculated activity were considered

]

as maxima.
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i (c) Source Geometry

When comparing the activities of several samples it is

necessary to ensure the same counting geometry for all the samples.

Y

This is necessary because the sample emits radiation in.allFdirections

~and hence the counting rate is a function of the solid angle subtended by
- o ‘

the counter window atthe sample. To-minimize the errors due to sgurce

geometry it is essential to plate out a uniformly distributed sample in the

. planchet. No problem was encountered with the rhenium precipitate,

tetraphenyl-arsoniumperrhenate. The osmium, however, is counted as

thé metal and though extrem'_ely fine grained it was not possible to achieve

an even precipitate over the width of the planchet. Further, consider-

able care must be exercised in handling and storing the_ fir.lely-divided
osm.ium powder because it is very fri'al.ble'. and is‘,also susceptible to
disaggregation by static electricity. Spraying the osmium with krylon
as a means of fijcing it to the planchet did r;ot prove satisfactory,
because thg ﬁrecipitate tehded to peel ogf in large fl.‘_a'kes.

Where possible, the osmium samples were all counted in the

\ /
same orientation. /
2. y Counting : //

{a) Equipment

{

Y counting was ‘carried/out on a Nuclear Chicago system in-

- corporating (i) a detector, either/a 130 gm Ge(Li) crystal with an active



L 2
area of 8 cm’ facing the window, or a 3"x3'' well-type thallium-

"

doped Nal crystal; (ii).high voltage supply; (iii) pre—gmplifiér; fiv)
amplifier; (v) 1600 channel pulse-height ;nalyzer; (vi) readout includ;:;g
a teletype print out and a display oscilloscope.

N:Ios't of the y counting in this work was carried out on the

. Q 1
Nal(Tl) detector because its sensitivity is greater than that of the Ge(Li)

186
detector. A typical gamma ray spectrum for Re is shown in Figure

-

3"5-

(b) Evaluation of Photopeaks

The 186Re 137 keV y-ray photopeak activities of rhenium

samples é.nd standards were evaluated, virl;cre possible, byl_the half peak
full width method (HPFW) using the procedure of Denechaud et al. (1970},
Peal'.c half-widths between standards and samples m ‘the same experiment
differed by lc;ss than 7%. The net counts (N} fo.r.the inte.grated value
»of the -peak for the selected channels are given by the diff-erence be-

tween the sum of‘ the gross counts and the e_stimafed background (B) for
the same 'channels, (see Figure 3-6}. |

The“backéromd 'coﬁtribuﬁon was deter;'nir_led by first of all
drawing an accurate graph showiﬂng counts/channel versus channel number '

for the photopeak and the adjacent parts of the spectrum. A straight line
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repfesenting the.Ease line was then drawn between the valleys ori‘ either
side of tl;le photopeak. The toi';a.l background contribution to the photopéak
is given by summing tHe baseline values for each channel .to be summed
for peak integration.
' "The error for the integrated net peak counts.is given by:
5 2 - 1/2
o—noat - ()dz:roés + dbackground Y

. 1/2 - :
where o = (total counts) / and where background and sample count periods

.are equal. . , a

) - - /
3. Element Abundance Calculations -
'Cs - counts - '
o -= ——— (at the end of irradiation) of the sample cor-
Y min. . ‘

.5 )
' rected to 100% yield

where ¥ is the observed sa;’nple yield with 0<-YS< 1.
8

' Ws = weight of sample irradiated in grams
S . g)_u-n_ts (at the end of irradiation) of standard
Y min. , _

corrected to 100% vyield
where Y is the observed standard yield with O0<Y<1.

W = weight of metal in standard in pgms.
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. ' 3 )
Element abundances, M, in ppm (ppm = 10 ppb) can be

calculated from the expression




CHAPTER 4

EVALUATION OF ANALYTICAL METHODS

GENERAL STATEMENT -

'A?praisal of experimentally derived data cah-bc achieved
by examining the accuracy, precision, and sensitivslty a:tta.inab}.‘e with
the meth;)d; The accuracy of the experimental methods. useéd in this
work is i.ndica.té'd .by éomﬁarison of analytical resulis for standarf:l
) rnateriais with data obtained by other WOrk;rs;

Precision is indicated by the internal consistency of results
on individual saméles of the same material. The limits of sensitivity
depend on thg anai*yt’ical conditions and are governed mainly by the
weight of sample irrédiated, neutron flux, the irradiation time, and

counting conditions.

ACCURACY AND PRECISION
1. Osmium |

Copper nickel matte samples previously analyzed by severai
other workers using different analytical technigues, were used as stand-

ards for the determination of the accuracy of the osmium method.

49
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The osmium content of the matte samples analyzed in

Falconbridge's Thornhill laboratories was determined by a method .

and Resources (DEMR) Laboratory, Ottawa (Faye, 1965)-.

‘based on a modification of that used at the Dcpartrne\nt of Energy, Mines

The DEMR

method includes collecting the pla.tinum' metals in tin during fire assay, .

followed by dissolution of the tin ‘bjh_tton-.

o

Osmium is separated by dis~

tillation of thé't"etroxide..'énd.determ'med colorimétrically. Hsich's

fusion followed by distillation, precipitation of o

counting.

(1967) method involved néutro‘n activation.analysis and included alkaline

i

smium metal,” and B~

“The osmium abundances of the matte :sa.mples obtained in

this work are compared with the results of pr'évious workers in Table .

"4-1. )
Table 4-1
Osmium Abundances in Cu-Ni Matte Samples
Ma He . This Work “ Previous Work
atte Osmium Std. | Nuclide and Osmium (ppm Analyst
Number ‘ . . e
: Devia-| Radiation
tion 'Coui'xted
_ () Kk
3572 0.35 ‘ 0.3 Mineral Sci-
0.38 19105 p- ences Division
ﬁ £0. 02 ’ DMER, Ottawa
| : 0.33+0. 02 Crocket (1968)
8083 0.33 f ' ’ '
' v 0.37 19105,[3 - N.D.=*
0. 35 0, 03 B '
T A 191 - Nickel Minos
7.88 Os,B 6.3%0. 3 rexel vines
6—6—6 £1. 39 . Limited -
; ' Metallurgical
Laboratories

A

I

% Matte. #8083 is similar, but not idehtical, to Matte #3572.
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2. Rheniom

'IC\_,e accuracy of the rhenium method is indicated by the

' results obtained for the rhenium abundances of molybdenite powders’

which were supplied by Professor W. Herr of Cologﬁe University,

West Germany (see Table 4-2).

Table 4-2

Rhenium Abundances in Standard Molybdenites

51

a_ .
Method .| 15°tope Neutron Activation Analysis Sample
Dilution Nuclide and Radiation Counted Locality
26 - 6
. 18 Re B 18 Re
137 keV v
a I
Worker Riley Hirt Morgan | This [Std.
: et al. work|Dev'n.
Date 1967 1963 1965 (o)
Re 65.0 “71.4 631 66.5 Yetholme,
) . N.S5.W.
(ppm) 65.9 £3.6 65%1 66.31 Australia
C 61,1
’ 61.7
60.7
65.5+0.5 | 71.4%3.6| 64£1 | 63.3]+2.90
Re ‘: SEPL.
: - 2.02 - 2.18 Topland, .~
{ppm) .. ‘ 'NOJ;W,E};Y t




4y

o

S

Deposit © |Giles and Terada® et al. )
(or Mine) , Schilling ' LJ)/ (1971) - This work®*
e | 1972) '
Bethlc_zhem ' . ) , ‘ .
Copper, Ltd. 430 190, 490, 980 211, 234, 335
.- ‘ T "o 1162

B.C. Molybdenum 69 . - . 77.8

. **Endako ' 32 24, 27 ' 36. 1
Boss Mountain, 61 - ) ., 54.0

™
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Rhenium abundances of molybdenites from several British
Columbia molybdenite-deppsits were determined colorimetrically by

Giles and Schllhng (1972\) 'I‘he arlthmetl.c means’ they obtamcd for

\)'

rhenium abundances in hand spec1men—-51zed samples are in good agree—

ment with the r{ sults obta.incd in this work for molybdenite concentrates
from the sa dep051ts .Terada-et al. {1971), using neutron activation”

analysis, determmed the zhemum content of molybdcmte concentrates

from two of the dep051ts analysed in this work. These re%ults arx: o

0 - . . . é

o e

compared in Table 4-3.

'
u

Table 4-3

. Comparison of the Rhenium Contents of Sorne
British Columbla Molybdenites ob=
tained by leferent Ana.lysts .

o

s i@ioSz copcentrate .

- Note: All values in pprn.,>
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— CHAPTER 5
GEOCHEMISTRY OF RHENIUM AND OSMIUM

INTRODUCTION

R

Rhenium, atomic number 75, and osmium, atomic number

76 are trangition elements and belong to Groups VIib and VIII, res-
. . i . et . .
' s

pectively, of the Periodic Table. Abundance data for rhenium in

rodks is still extrel:nely limitgd and. for o, mium_, ‘the situg.tion is only
élightly better. Boath elerﬁents exhibit iderophile. anci cﬁaléophile
tendencies. . The siderophilic tgndencies of rhehim’r‘i and osmium are

. best illustrated by the high cc;ncentrations ‘of the two elements in iron
_meteorites, where there is also relatively l;1ttle fra ctionatic;g between
them. The pronounced cha‘l.cop'hjlic, charactérisﬁ‘cé of rhc;niﬁ-m and
osmium are manifest by the associatig;n of rhenium with sulp_l?ide ores of
molybdenum and copper, and by the association of osmium w;’th nickeli-
- ferous sﬁlphidé oxes. The limited abundance data currenﬂf available

‘ fdr osmium in ignec?rus rocks suggest that osmium is concentra;ted in .

<

ultra%qfic rocks relative to'felsic rocks (Tables 5-9 and 5-10).
“\ . .

sdly~\the abundance of osmium in primary silicates is low

| 53
AN _‘
| ;} |
/

N

~
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and this results in its concentrating in residual fluids such as'pegma-

tites. * Iridium is wn to be: highly énriched in thortveitite and gado-
l'irii?e (No'ddack and No.ddac%:,‘]flfill), minevals which are characteristical-
ly found in granitié pegmatites. By virtue of its geochemical coherence
with iridium,:osmium may be expected to be similax-'wly enhanced in
f@es-e minerals.

| In the fol‘lowing. sections, some physical-chemib‘al I;aramcters
of rhenium z‘;nd osmium are dealt with and their relevance to the geo-
che_:v;nistry of these t:wo‘elen.ients is considered. Even thpl;tgh technetium
- is an artificial element, it.has been included both because of its similari-

ty to rhenium and in order to preserve the chemical continuity of the

discussion. -

NATURAL ISOCTOPES
1. Rhenium
Rhenium is 'composed of two naturally _oé:curri.ng isoto

- ‘ 187
5Re with an isotopic abundance of 37..07%, and Re with an isotopic

18

‘ ‘ : .. 187 - :
abundance of 62.93%. The radioactivity of Re was discovered by
Naldrett and Libby (1948) using counting experiments on-rhenium samples

. . L 187 187 e o
of diverse origins. The decay of Re to Os has been dealt with in

Chapter 1.
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2. Osmium
The isotopic abundances of the seven naturally occurring

_isotopes which comprise "normal' osmium are given in Table 5-1.
Table-5-1

.Stable Isotopes of Natural Osmium
_ After Lederer et al. (1967)

Mass Number 184 ~ ~ 186 187 188 189 190

Isotopic ' ) :
Abundance - 0.0018 1.59 1.64 13.3 16.1 26.4
(Atom %) - :

o

o192

41.0

However, significant differences in the isotopic composition of natural
‘ . - :
. . ) ‘ C . L . 187 %
osmium can result from the production of radiogenic Os. The amount
S . 187 om, : . e e s
_ of radiogenic Os in any sample is a direct function both of the initial

187 - - '
8 Re content and the age of the sample. Molybdenites, by virtue of their

low commmon osmium content and their high rhenium abundances, tnay

e

e ) . 187 ) -
contain virtually monoisotopic radiogenic ! Os*(see Figure 5-1).

3
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Figure 5-1

Mass Spectra of Osmium (after Hinterberger et al. 1954}

Radiogenic
: ' : osmium from
qumal'osmiu.nj : _ molybdenite

P

r

e

(

R

—
+

-~ . . N
1] \J T 1 T L
Qo= o0 o o o o <o o o
—C =t — — - — —
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The high osmium content of certain‘molybdenitcs is parti-
cularly well illuétrated by the molybdenites initially used by Herr and
his co-}voricéré {(1955) for age dating. These provided'mill.igram quan-
tities of_18705' for mass specffometry. Similarly for the much younger

molybdenites of the Guichon Batholith (200 my)} calculations indicate
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. 7 ‘ : : ' '
a radiogenic 18 Os content of several hundred ppb. These are parti-

cularly high values even when compared with the common osmium

f .
/| content of the Strathcona ores, Sudbury, with a range of 0.68 to 68

-
|

P

‘ ppb common osmium (Keays and Crocket, 1970).

\,\ It should be noted that neutron activation analysis, which is .

\ currently the most sensitive analytical method for common osmium,

. ~ . 18? . .
does not detect radiogenic Os*, This results from the fact that only’

184 18 0
9 19O

our of the sevenstable isotopes of osmium, namely Os, Os, 5

192 : i .
and ? Os, produce unstable nuclides!when bombarded with thermal neu-
. trans. Hence the specific activity of neutron-irradiated natural osmium

. . s . 187 : . e
varies inversely as its radiogenic Os content. Using this relationship

and

e technique of neutron activation analysis, Herr and Merx (1955)
- : e BT L :
determined the radiogenic Os content in milligram quantities of osmium

separated from molybdenites.

PHYSICAL CHEMICAL PROPERTIES OF RHENIUM AND OSMIUM

- {\1/ Electr\snic Configurations

M~ . . . .
The electronic configurations of rhenium and osmium and

some other transition elements are given in Table 5-2. Rhenium re-
sembles manganese in its electron configuration in that it has seven
valence electrdons of which five are d electrons and two are spin-

paired s electrpns.
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2. Oxidation States - o

Voo \ :
For the transition metals the highest oxidation state in>

creases ;egularly from left to right across each period to the vicini;y
of the manganese and iron triads. To ;he right of this point oxidation
states of the Fransition elemeﬁts decrease in value. Elements in this
‘vicinity. of the Periodic Table are characterized by.a wide range of
oxidation states as well as by the highest c;xidation states of the transi-
tion elements.. .

These ,t:eatui'es are exemplified by rhenium \:vhich exhibits
oxidation states from -1.to +7, and by osmitm, which like

‘ : ' . =
rut}‘xenium, has a maximum oxidation state of +8. . .- -

The trend toward increasing Bf.ability of the higher oxidation -
states from top to bottom of a transition metal group kis shown by man-
ganese, technetium and rheniu-m. In this re'spcct‘ ihexlefore, rhenium,
with stable oxidaﬁon states of +4 to +7, resembles more ciosely tech-
netium (.most stable q#idation states é..lso +4 and +7)-, than it does manga-
nese, which is cha;ra.cterized by a‘rpo'st'stab.le oxidation state of +2.

. _ )
Rhenium is chemically similar to osmium and ruthenium

in that it forms stablé. compoundé in its highest oxidation state. This
chemical similarity is further underlined by the stability of these clements
in the +4 and 0 oxidation states. _Further, the stability of rhenium in

metallic form is a general characteristic of the platinum group elements

"as a whole.
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{a) Rhenium !

All members of the manganege triad exhibit oxidation . : ‘

states of +7, but only the compounds of rhe {um and technitium are

‘stable. The radicals MnOS, -, TCOS and\ e04 ", the heptoxides
Mn207, TCZOT and Rczo7, the heptasulphides Te S.? and JReES7 and
the heptafluoride, ReF_?, are all known. ' N |

N

The heptoxides of the cogeners of manganeﬁe differ
markedly in stability from that of Mn207 which decomposes rapidly

at room temperature. In fact, the +7 state is the most stable .gxidat:'.on
state in which rhenium occurs.

\

- Rhenium heptoxide, Re 07, is a volatile yellow solid with .

2

a melting po\int of %9606 (Ivanov.et al., 1972). 1Itis n‘oted for its

high volatility and in this respect resembles osmium tetroxide more

closely than the oxides of molybdenum and tungsten.™Vapour pre.séure

data for ROZO'? is given in Table 5-3.

“Table 5-3

Vapour Pressure Data for Re.O.. (After Tylkina
and Savitskii {1961) in Ivanov et al. (1969})

Tempegrature Vapour Pressure

212 : ‘ 1
289 ' 100 :

386 ' 400

462 760



Re207 is slightly less oxidizing than technetium hepto-

~

© side and is very stable. It dissolves readily in water to form =a

‘colourless strong acid, perrhenic acid, HReO ‘Several authors have

4
reported occurrences of water -soluble rhenium which is associated

with sedimentary uranium and molybdenum deposits from arid localities.

Petersen et al. (1959) conclude that rhenium, which occurs in concentra-

1

tions from 50 to 1000 ppm at the Sun -"\.falley Miné. Coconino County,

Arizona, is present as ReZO . Sirﬁila.ﬂy, Malouf and Zimmerléy (1962)

7

report water_—Asoluble rhenium, in concer;trati.ons as great as 2000 ppm
based on a 100% molybdenite eéuiv.alent, ‘agsociated with ilsemmanite-at
the Quray Indian Reserve on the ~C-o‘lorado Plateau. The associatiop. of

: -}"’atel._-_soluble rhenium with uranium, molybdenum and vanadium at the
Runge Mine, South Dakota, has alao been reported by Myers et al.
(.1960). _H'ert': the rhenium cohtent of a pafticular sandstone,and of ore
veinlets within it is as Migh as 70 ppm. However, after water-leaching
these salmples the ev_g,pora.tc vielded as much as 7000 ppm rhenium.

The +4 state is another important oxidation state in regard

to the-g‘eochemistry of rhenium. The dioxides, disulphides, tetrahalides
and oxyhaliclle.a in which rhenium is in thcr +4 Bta_tef.are all known. Of

these rhenium disulphide, ReS, is the most imporéant. Actually,

2

rhenium forms a wide-rfange of sulphides, namely, RcZS, Rczs,;. RcS2

which are among its moxre stable compounds. .ReS2 and ReS

\an_d VReS

N\

7

7.

el -
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are 'precipita.-tcd .unc‘ie‘r a..cid conditi.ons from a;queé'ué solution. .Re.SZ
is ;)f barticular i.ntcrest begcause of .'therh'enium contept of moly-[b—
denites. Synthetic -mélybdenites con-taining ;.1p to iO% zjhemium" hav,e. -
been reported and the occurréncé o_;' rheniﬁm diselgnide.,-Re;Sez;

is also 1cz¥own (Vlasov, 1966).

Fluorides in which rhenium exhibit oxidation states ranging
from +4 to +7 are also known. :QOf these, fheniurn heptafluoride, I?:eF_l,.
is the most stable. Rhenium.alsc forms hz}l'ideé with the rerﬁainder

: /

of the halogens, characteristically in the +4 state but also in complexes

in the +2 state (Mackay and Mackay, 1970). The halogen compounds of

-rhenium are of particular interest because of the association of chlorine

and fluorine with certain ore formirig processes.

Naturally-occurring native rhenium is not known, however,
either in the elemental form or alloyed with other metals. In this res-

pect rhenium differs from osmium which has long been known to occur

~

in nature, both as the metal and as a constituent of alloys within the :

Os-Ir-Ru system. The requirements for the formation of alloys between
metals are the similari‘ty of oxidation state and the equivalence of radius.
Further, for cgomblctel solid solution fhc metals should pﬁésess the same
crystal structure. |

The similarity betweeﬂ rhenium, osmiﬁm‘and rutheninom
with regard to these param;zters (sce Table 5-4) is compétiblc with the

occurrence of natural alloys between these elements. Further,



Sorme Physical-chemical Constants of the Transition Elements

Table 5-4

3 + 5 [

;

1 2
(r) T " )109 .
Crystal Atornic S s.c Melting Point Bailing Point
Structure Radius "Re o eC °c
(R} : :

Ti HCP/BCC . 1.462 + 6.33 4.54 1660 3287

Zr HCP/BCC 1.602 +16.51 6.51 1852 4377

Hf HCP/BCC 1.580 +14.91 13.31 2227 1602

v BGCC “1.346 -2.11 6.11 1890 3380

Nb BGC i.468 + 6,76 8.57 2468 4742

Ta BCC 1.467 +. 569 16.65 2996 5425
. cf Béc 1,282 - 6,76 7.18-7.20 1857 2672
Mo BCC 1.400 + 1.82 10.22 2617 4612

W, BCC 1.408 +2.40 19.3 3410 5660

™~

Mn Cub/Cub/Tet 1.264 - 8.07 7.21 1244 1962

Te HCP 1.360 - 1.09 1.5 2172 4877

Re HCP- 1.375 0 21.02 3180 5267 (cat.)

.

Fe BCC/FCC/BCC -- 1.274 - 7.35 7.874 1535 2750

Ru MCP 1.339 - 2,62+ 12.41 2310 3900

Os HCP N 1.353 - 1,60 22.57 3045 5027

" ‘ ;

Ni FCC . 1.246 -"9.18 8.902 1453~ 2132

Rh HCP ; N, 1.345 - 2.18 12.41 1966 1727

Ir FCC ' N, 1.357 - 1.31 22.42 2410 4130

LN )

Co HCP/FGC 11252 "is 8,95 8.9 1495 2870

Pd FCC : 1.376 0. 07 12.02 1552 3r40

Pt FCC 1,387 0.87 sz.ﬁ . 1772 827

™~ % ]

Cu FCC 1.278 N\ - 7.65 8.96 1083 . 2567

Ag FCC 1. 445 S+ 5.09 10.50 962 2212

Au FCC 1.442 * 4.87 19.32 1064 2807

. ~ ' P
\ .
Note: . .
(a) Data in columns 1, 2 and 3 from Savitakii E_t.:i_\ 1965).

(b) Data in columne 4, 5 and 6 from 1973-1974 Hnndbool-“:'f Chomistry and Phyeics, 54th ed., CRC Press.

{c) Abbreviations used: BCC
FCC
HCP
Cub

Tet

{d} Column 3: LI atomic radius

body centred cubie .

face centred tubie \\

hexagonal close packed S )
cublc \

tetragonal.

(X ). 12 fold coordinition for a gliven clement

r = atomic radius (R }, 12 fold coordination, for rhenium.

Ro

4
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Savitskii e_tl._-«_m_l_. (1965) have demonstrated lirhited ;olid solution bef:wéei}_
rhenium and iridium, and that cornplete mis'cibilitly, in the solid sta:te_,
exists at elevated ’ccmperatureé for ea.c.h of the binai'y systems rhenium-
ruthenium and rheni\im—osmium. It is likely, therefore, that rhegium,
'WhiCh reachevé concentrations between 100 and 1000 Ppb in cB‘smiridium‘
(1. and W. Noddack, 1935) is in eler'neﬁtal form alloyed with the platinum
metals. | |

(b) Osmium

In minerals, osmi:ifn-co_mrnonly éxhibits a zero and +4
oxidation state. Al-so. qsmiurn resémbles ruthenium in that both elements
occur in the +B8 state, which is the h%ghest oxidatioln state of tiae trarfsi—
tio.r-r clements-. The most common compound in which osx;niurn exhibits
a valence of +8 is‘_osmium tetrtla:-cide, which is very volatile and which
__can be produced by direct oxidation of metal“}c\t_asmmm (Mackay ‘and

Mackay, -1970). Under only mildly reducmg conditions, OsO alters to:

form osmiurh dioxide.

In contrast to rhenium,which occurs in nature in the +7
oxidation\—é?e. little is known about osmium in natural systems under
surficial conditions. In fact, there is still disagrecment about the

‘ 3

volati]:ity of osmium metal at room temperatures. Hammond (1973)

" considers that solid osmium is unaffected by air at room temperature,
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but.tha.t the metal wili irolatili.ze sloyvly }Lﬁder tﬁe s.ame conditions when . ~ : i
in sponge or Iﬁowde'red form. Accbrding‘to Beamish (lé66), however,
the oxidation of solid osmium to 6smi® tetroxide e;t normal tem.pera.turc‘zs i
has long been known. He states that there are reports of iridosmine from
'Siberia em ttmg sufficient quany(g;o e tetroxide at ordz;nary temi)era-

) tures to stain a abel sealed within the tube containing the iridosmine.

Further, he rep hereas osmium fronhi\t\lr{iopfa could be vola-

iy
g

tilized directly from a native osmium metal, Tasmanian iridosrmine con-

sistently failed to yield the tetroxide, even after the( ost_strenuous

,l
A

heating. . However, it seems that forrmation of osrnier_n _tetrox-ide.may be
expected from metallic qsmitun under conditions in a supergenec environ-
ment. Oémiu.m which is rin higher":oxidation states, for examp}e, wheré '
it is chemically bound in osmium-rich minerals such as erlichmanite,
'a sulphide, or osarsi\te; a sulpha.rsenifde can be expected to yiel{c:srn
Htetroxide as an initialll‘prél'éluctrloi weathering. The tendenc_:y for the
tetroxide té become altered to fhe dioxide ﬁnder. mildly re.ducin'g condi-
tions‘ would be strongly enhanéed l;y t:h_e .p‘resence ‘of organic materjal.

_Osmium also occurs in the +8 state in complexes such as

2- e )
N OsO4F2 , but osmium octafluoride is not known.
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The +4, 45 and +6 vale.rgestates of osmium are exernplificd

by the fluorides OsF ., OSFS and OsF6 rgspectively; Of these, osmium

tetrafluoride is the most stable. Stable trivalent osmium compounds

of the remaining halides e known. .
Osmium disu.lphid:e is another compound in which osmium
exhibits a valence of +4. In contrast to the disulphide_and‘hépta-

sulphide of rhenium, it is'precipitated from aqueous solutions under

; alkaline' conditiéns. Two minerals in which osmium exhibits an oxida-
tion-state of +4 are qriichmanite (Os, Ir, Rh, Ru, Pd)Sz‘a_ndfla.uritc

" (Ru, IT, 0s)S, .

-z

MINERALS OF RHENIUM AND OSMIUM

1. Rhenium
Controversy still surrounds the question as to whether )

or not rhenium exists as an independent mineral species. Poplavko

et al. (L962) claith to have discovered a sulphide of rhenium associated

. with the cupriferous sandstone ores of Dzhezkazgan,Kazakhstan, where

{ - , : )
rhenium is widespread but is nbt associated with molybdenum.

+ .
-

Dzhezkazganite, as the rhenium sulphide has been named, is generally

associated with bornite, chalcocite and galepa in the Dzezkazgan ores.

S
3] [N
ol

Repeated reference to dzhezkazganite, sometimeés spelled "jeskasganite",

is made in the litérature (wSa;tpayev, 1965; Vlasov, 1966; Herr et al. 1967;
- - L . ‘ _Q}) ! R - 3N . : _,) -
. ] . & ' . . ;

A

Wz
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Sutulou;, 1970; Ivanov _g_t_:.g , 1972). The crystaHOgr.-aphic: parz;.metcrs
of dzhezkazganite have n'o.t'beenl completely definc@, and thé:re is wide
disagreement c‘oncerning'its 'cbmﬁosit'ion (Tat;le 5-5), al%hough the
formula CJ\::..'R.eS4 has been proposed.
.- The most serious obstacle to éstab'lisﬁ:;ng the ti-ug_identity

_ of dzhezkazganite is it§ mode 6f_occurrénce. In the dzhezkazgan ores,
for_ex_amPle, itris intimately associated '&:v\v‘i.th sﬁlphides with a maximum
grain size of 0. 15‘to 0.2 mm. The dzhezkazganite occurs as thin veins
along the margins of bornite and as thin s.n‘i_ngcrs-withiln it. According
to ~S;3l._tpayev‘(1965), grains of dzhezkazganite in bornite]'which exhibit
optical homogéneity at magnificati;ns of twb thousand times, are re-
solved by electron micros clopy-"inb:) bornite with inclusions of dzhez-
kazganite exhibitiné a variety of tcx'tuz-'es.

Results of X-ray microprofile analyses of cizheikazganite

are given in Table 5-6.

Ao
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Table 5-5

Ph) axcal and Cheémical Properties of D.-hcz!fargamtc Obtained by
Various Authors

(Source: Ivangv et al. {1272))

o Propertics ‘ ) " Author

S el e

Color in reflected light:
_brownish-gray ' ‘ Poplavke et al., 1962
pinkish-cream to brown ‘ Satpaeva ct al., 1962 1
Reflecting power {%0): .
wave lenpth, mpu 525 25.76 Poplavko ct'al., 1962
590 27.20 ’
650 27.42

479 to 26.6 t0 29.5 Satpaeva ct al., 1962
Microhardness: ' ' : -
230 kg/mm? {load 20 g) . Poplavko c_t al., 1962

204.7-281.0 kg_.{mm2 {load not indicated) Satpaeva et al., 1961
Reaction to etching by: .
NHO {long duration) - etched surface -

rcmalns browmsh -gray Poplavko et al., 1962
NHQO, {long durauon)—dark. arcas turn gray Satpacva et al., 1962
KCN(20%) - hardly vi3ible darkening Poplavko et al, 1962
'KCN (20%) - turns brownish somewhat Satpaeva et al... 1962
HNO. (1:1) - browns slightly Poplavke et al., 1962
H scii (1:4), KOH (20%), FeCl,, HgCI - ' _

no rcactlon Poplavko etal., 1962

Quantitative determination of composition
by spectral optical analyses:

rhenium, copper, lecad, silver . Poplavko ct al., 1962
+ rhenium, copper, lead, molybdenum, -

iron, silver Satpaeya et al., 1962
Determination of compomt;on by X- ray :
spectral method {(wt. %) 0
Re - 40-77 Poplavke et al., 1962
: ' Poplavkeo, Troncva. 1966
Re - base, not detgrmined quantilativclyl Kosyak, 19653

2%

Cu - 8-26 . Poplavko et al., 1962
Cu - not established : Poplavko, Troneva, 1966
Mo - 9-12 : Kosyak, 1965 '
Mo - present in amounts appreciably lcss . ¥

than rhenium "Kosyak, 1965
Pb - correlates with rhenium Kosyak, 1965
5.-13-20 ~ Poplavke and Troneva, 1966
5 -25.6 ’ Kosyak, 1965

X-ray diffraction studiesa:

Mineral amorphous ’ Poplavko ct al., 1962
Highly dispersed substance with )
structurc of Rt':S2 Polyakova, 1965
, . ' a
14 - Dzhezkazganite described as rhenium mlneral {from Dzhczkargan
{Satpaeva ct al., 1962).
2+ - Dzhezkazganite treated with potassium cyanide to remove inclusions
of bornite and chalcocite (Poplavko et al., 1962; Poplavke, Troneva, 1966']
3- - Dzhezkazganite was analyzed in an intimate intergrowth with bormu

lKo..)xk, 1906)

)
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Table 5-6

Composition of Dzhezkazganite Basc& on X -ray Spectral Analysis
: { Source: Ivanov-et al.. (1972})) :

Element Content, " Number of Content

wt. P . Measurements  AVeTage
Rheniuvm 40-77 ' 11 - 55
Copper' : _ L g8-26 / . 9 k- 16
Molybdenum 9-12 3 ' 10
Iron : . . 0-1 3 B
Silver | 1 : o L
Sulfur 13-20 6 15
Arsenic - - 1 ‘ | | 1 | L
Selenium | B ' o o
Co.b;alt ‘ | - T B
‘Nickel 1 ~
Zinc 1 )
Lead 5 5

Capitant et al. (1963) report the occurrence of rhenium-

L
rich inclusions containing ”severa)é{\ﬁ\r’rf of percent rhenium

Mina suite
of sulphide minerals from the Prince Leopold Mine, Kipushi, Katanga
. in Zaire. The major minerals were molybdenite, tennantite and

bornite, in that'order of 'abundance, with accessory chalcocite, covellite,

pyrite and sphalerite. Distribution ‘of rhenium was studied by means of

R ks e T

| s LT P

an electron microprobe. In the _molybdenite. rhenium was found to be
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variable and the prescnce of local concentrations aﬁggcsted the exist-,

ence of a specific rhenium mineral. '"The species was located as
. . i ’ “ - )
some small areas on a grey-brown mineral found adjacent to molybdenite.

in contact with -covellitc”land is shown in Figui‘ﬁc 5-2.

{2} Concentrator wMi_rmrals of Rhenium

Rhenium is concentrated in relatively few minerals. Noddack
and Noddack (1931} using an X-ray apt.:ctrOgrz.l.phic meth\od with a Bcnsi-.-
tivity of lxl(‘l"8 detected rhehium in only'IOO mi.ncral.;.l.during the c‘ours‘c
of their comprehensive study éf rhenium in ge'oloéic materi;t-is. Viasovy '
(1966) lists 55 minerals with enhg;'xpcd rhenium contents inciudiné native
metals and intermetallic compounds, sulphides, oxides, silicates and
tungstates. His compilation ié ba.so.d‘largcl? on the #‘csults bl’ Noddacl
- and Nodd-ack (op. cit.), supplemented by more recent data from various
Russian workers. Table 5-7 listg carrier minerals ﬁotablé for their
high rhenium abundances.

From this table it is obvious that the sulphides constitute,
numerically, the most i;:npor'taﬁt groﬁp of rhenium ca-r.rier minerals.
This group is also by far the most important of the rhenium carrier,s\
on the basis of absolﬁte rhenium content. 'I_‘hc table also illugtrates
the asso;f._:;_ti:on of rhenium with silicate and primary oxide fnine als

-known to have pegmatitic and pneumatolytic affiliations. These rela-

: Capitant et al. (1963)
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c
e.
9
E
Q

-R Minera 'of Rheniu

FIGURE 5-2. Distribution of a Rhenilm-rich Mineral in Sulphide

Ore, Zaire. [ After Capitant et al (1963)]



Table 5-7

Minerals Known tb Have High Rhenium Contents

72

Mincm{_' Composit;.on " | - . Re (ppb) Rcfercnc.e
I.l Silicates. -
Alvit;e (Zr, I'lf)SiO4 200 to 600 1
Gadolinite ,‘ (Fc.Be)ZYZS‘iZOlo 30to 1,100 I8
Thort\_fcitite YZSizo.} 600 1
Zirt-c'on Zrsio, up to 50 1
1I. Oxides \,
Cassiterite 'Sno‘2 10 1 -
Chromite FcCr204 ‘ 10 t0. 20 ' 1
Columbite (Fc,Mn)Nb206 50 fo 200; 260 1; 2
40d 3
Tantalite (FC'M”-)T“ZOG_ 30 to E;O . 1
Fergusonite  Y(Nb, Ta)o,’ 20 1
Samarskite YZI(Nb. Ta)207 20 1
Biis Molybdates and Tungstates
Powegllite CaMoO4 5000 to 170, 000 4
Wulfenite " Pbiv:oo4 300 to 11, 000 4
~ Scheelito Cawo, 20 1 .
Wolframito (Fe,Mn)Wo, 20 1 e



Table 5-7 {continued)

73

Min'ef{'lll Composition Re (ppb) Reference
V. Sulphides, Sulpharsenides,
Selenides and Tcllu—rides

_A.;:'gentite : A'gZS . 70 1
Birs—muthinite 51253 29 1
Bornite " Cu,Fes, 20 to 98 1,5
Chalcocite CuZS 40 - 1.
Chalcopyrite CuFes, \ 80 to 20,000 17,5
Galena PLS | 3 5
M'a‘rcha.aite I"‘eS2 30 \; 1

' Molybdenite MQS2 10 ppb té) 5

. 18,800 ppm 4,6

Pyrite FeS, ' _g; Boog.o k{“ $'4' >
Pyrrhotite Fol _xS 20to 30 1
Berzelianite  Cu,Se 20 1
Clausthalite  PbSe 800 1

" Enargite cu3As$4 | 20 1
Gersdorffite NiAsS @ _ 50 _ 1

V. N_ative Metals and Alloys

Osmiridium {Ir,Os) | AlOO‘ to 1,000 1
Platin%’n Pt 30 to 800 1
References:

(1) Noddack and Noddack (1931); (2) Sen (1958); (3) Meshri et al. (1963);
(1968); (6) Herr ct al. (1967);

(4) Vlasov (1966); (5) Morgan et al.

(7} Ivanov ot al, (197;).
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tions have led several authors (Rankafna. and Sahama, .;95 Ol;-Malouf—
and Zimmerley, 1962; Morris and Short, 1965, and Viasov, 1966) to
suggest that m the coursc of magmatic crystalli‘zé.tion, rhenium is
generally fractionated from the early crystallizing oxide and silicate
phases, and is concentrated .in the carly magmatic sulphides. With
pfogreésiyc crystallization, rhenium becomies in.crcasingly -enric'::hed
in tk.lc rcsidual‘ﬂuids.l . This view is supported by the data, albeit vc;ry
. sparse, of Nc'ndc]ack and N;Jddack {1931} who determined the rhenium
content of-pyrrhotitc and peﬁtlhnditc from Norwcgian‘copper ~nickel
deposits to be 30-.ppbvanc.1 10 ppb: regpectively, and by the values of,
100 ppb rhenium in pYI;rhqtitc from the ﬁagma_tic' copper-tfiickel ores.
"as reported by._‘Ivanov et al. (1972). However, r henium -r:_a_‘lz.a.yv'a.l.so be
enriched in the.carly—separatcd oxide p’hases of crystallizing mafic or
ultramafic magmas, as excmplified by chromites with 10 to 20 ppb

. rhenium (Noddack and Nod§ack, op. cit. ) and it is .also‘ copcentrated
in osmiridli.l.x.rn and platinum (TabchSl—:?). The tcncienc-y for rheniﬁm to
be enriched in 'thre residual fluids rcs&lti'ng from the fractional cry-stal—
lizati.o'n of magma is apparenf.ly substantiated by rhcnium-abundanc:‘cs
of aplite-pegmatite associated with grahitoid r;aas sifs in northeas-t
ffal‘iuti)ca; U.S.S.R. Hero the .rhenitlxm content of the granodiorite,
~which is of bathoiithic dimensions,. is given as 0.5 ppm and for the

pegmatitos it is 4.2 ppm (Ivanb;.r'ggg_];. , 1972). These values are con-

sidered to be too high in view of the ncutron activation resulta of Morris
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aﬁd‘ Fifield (1961), Morgan‘(l96'5J and Morgan and Lovering (1967).
. _ §
: S .
The trend of the values, however, may be significant. ' -

N

Table 5-7 also serves to illustrate the affiliation between
rhenium and those elements closely asao‘é‘igtcd with it in the Periodic
Table, especially columbium, tantalum, molybdenum, iron, the
platinum metal group and to a lesser cxtent, chrbmitun and mangancse.
The association of rhenium with molybdenum is by far the most
important. This geéchemical association between molybdenum and
‘rhenium is @7t unexpected in view of their similar properties. For

—_ . +4 e :
example, the ionic radius of Mo = in octahedral coordination is. 0._‘?OR

+4 . 58 . '
and that of Re is 0. 72A {Krauskopf, J:967). Also, the electroncgativities
of the two elements are very similar, 1.30 for molybdenum and 1. 46
for rhenium (Mori'vis and Short, 1969). These factors, together with the

-

‘close resemblance of the crystal structures of MoS,_ and Rc:S2 {Morris

2

!

and Short, ‘196?). corﬁbi.ne to ma1-<e molybdenite the most imporfant
car:'ricr-mineral‘ of rhen’itﬁn.
Mglybdeﬁite_ occurs in two polymorphs, hfaxqgonal (21-1) and
rhombohedral (3R). Hexagonal MoSzlis thcl‘m‘ost common form, but
‘rclzce:_ﬂ.tly reccn.gnition of rhombohedral MoS2 has -become incrca:s‘ingly
common. D.epqsits in which rhbmbohe.clral moi_ybdenitc is the don‘;inant

polytype are generally charactcriseél by low s_ﬁlphur environments, for _.

v

I S S P R

[ o S
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example, greisens énd carbonatites (Giles and Schillings, 1972). '
Hexagonal molybdenite is c'ompri-sed of .la.ye.zrs of molybdenum and
- sulphur in the order - S - Mo -S -5 -Mo -8 - (Figure 5—3). in
which mo‘lybd?num atoms are octahedrally coordinated with‘sulphur,
and each .sulphur af‘com is surrounded by thrée molybdenum atoms
(Fyfe, 1964). Each layér i‘n the .cr‘ystal is composed of a two-dimensional
. shcgt with the composition (MoSz). ‘Opposing 1ayers'<;f weakly bound
_sulphur atoms betwe;:n the s-hects result in perfect cléavage parallel to
(0001).

Rhenium ciisulphide was formerly thought to crfst“allise
with a CIciI2 or thé t‘xexagonal Mr:)S2 strﬁciture. but is now known tc: .
crystallise with a triclinic'ReSez strt‘J.cture (Alcock and lKj,ekshus. 1965;
Hulliger, 1968). On the basis of this evidence, thei‘efor_e, it wc;'uld appear
' .that the rhenium co‘nt.ent of MDS2 is independent of molybdenite poly-
morphiém. Analytical evidence which indicates no direct rclatioﬁshii: :
between the content of molybdenite and MOS2 polym_orphism is -cited
by.Ivanov et al. (197;): Giles and Schilling (1972) reached a similar
cénclusion during £he course of their s'tudy“ on the rhenium content of
molybdenites. |

Rhenium accompanies molybdenum .through a wide
range of pneumatolftic and hydrotherm‘ai'pro.ceases resulting in app're-

" ciable concentrations of rhenium in a wid_e variety of molybdenum deposits. .
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FIGURE 5-3: Structure of Hexagonal Molybdenite (MoSp)

(After Fyfo, 1964)
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The ré,ngé m rhenium abundances of molybdenites is very large and
varies from 10 ppb (Morgan et al.., 1968) to 18, 000 ppm (Vlasov, 1966).
~H¢;'r etal. (1967) cite an. example of a fnol‘ybdenite cdarrying 5,‘500
ppm\ rhenium and the compi’latiion of Fleischer (1959) cc;.ntains several
cxam_plesr of Séandi na;via.n moiybdcnitcs with excc_:pf.ionally high rhenium
contents, ranging from 1,400 ppm to 3,130 ‘ppm. In general, though,
4 : ‘ . :
molybdenitf:fs contain abou.t‘l ppm to 600 ppm rhenium.
Siric'c t}ﬂle‘WOI;k of Fleischer. (gﬁ. tit. ) numerous iﬁv_estiga.-

tions into the rhenium content of 'r;'ni)Inglenités‘ha..vc been published

(See Table 1-1). h The results of systerhatic researches into the rhenium
content of molybdenites from genetically diffcrent molybdenite depo‘sits
in the U.S. S..R. are rep?rted by Ivanc;v et al. (1972). The results’ of
these works indicate that hydro.therirl‘nal molybdenites associated with
copper iron sulphides, particularly in the porphyry copper environment,
c;onstitﬁ.te the richest source of rhenium. Howeverl,'Morgan et al. (1968)
in th_eijr studf o'f Australian mblybdenites found no evidence indicating |

that high rhenium-bearing'molybdenites are associated .with copper’

minecralization. -

An affinity between rhenium and $elenium has been noted

Y

by several authors. Morris and Short (1969) cite the results of Russian .

workers a% cvidence for the sympathetic relationship between rhenium

§
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and selenium abundances in molybdeniiﬂ:es, and the association of rhenium 7
in the selenide -minéralé.berzclianite and-ciaus.Fhalitc can b'e.. seen fro‘-n‘ﬁ
Table 5-7. However, Ivanov c_t.gl. (1972) contend that the relation-
ship between rheniufn and saléniur;z in mplybdcni#es ig complex and that
the rhenium content may vary cither’di_rcctlyl or invers-cly as thé _-
selenium content. T‘his ,céntention is. supported by the results of

- i

Tischendorf et _ex'_l.."_‘(_1968) who establis hed a weak négétive correlation

‘between rhenium and selenium in Erzgeberg and Thu¥ingen molyb-

denites of West Germany . The structure of ReSeé has been discussed

by Alcock and Kjekshus (1965) and Hulliger (1968).
2 Osmiﬁm
In contrast to rhenium which oécurs"cégentially as a minor
: o . .

v y - l » l - » - . .
element in host minerals, osmium cccurs in three main forms. These

are, in the metallic form, either native or as alloys, in osmium com-
pounds, and as a trace element in dther minerals.
The cquivalence of ,metallic radii and the similarity of

r L |

crystal structure of osmium and ruthenium result in extensive solid

solution be‘tWeen_tllese elements. There is also .comiplete sblid-solut_ion
Lol

between osmium and iron, and osmiym and nickel, but both ruthenium
. e

and osmium show only limited solid solution with iridium.

‘Recently, Harris and Cabri (1973) reviewed the nomenclature

of the natural alloys of osmium, jridium and ruthenium.. The essence of.
. . - ' . “ ! .
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thc_ai'r propos'al:; concorning classifications within this system aro
co.ntained'in F.igurc 5-4.

| dsmiurﬁ is the principﬁl cation in the sulphide mineral
crlichmanitc {Os, Ir, Rh. Ru, Pd}S and tho sulpharsenidc osarsitc
(OCs, Ru, Ni, Pd, Pt. Rh)AsS. Osmmm also oc.:curs in n‘zﬁqztc.
which is an iridium-rich sulpharscmdc of the platinum mctals.
cobalt and nickel. It is aiso found in laurite (Ru, Ir, Os)S . Thc
cryst‘xl structurcs of the ;hsulphidcs oI osmium ha;;-c been dxscusaod

9

by Sutarno et al. (1967) and the mmcralogy of the platmum metal group

ag a \\;holc has recently been reviewed by Cabri (1972) (soc Table 5-8).

o
DISTRIBUTION OF RHENIUM AND- OSMIUM

Roccntly thcro has been considerable interest in tho
abundances of sider op hile and volatile cl;amcnts' in mcteorites 'g',_s- .
“and the rhenium content of lunar materials. Hcvawever, thero is still a
paucity of information cpﬁcorning rhenium ;xn:cl' osmium in common rocks,
and vcry‘r little is known of theiribiogcochcmi'cal distribution or of their .
distribution in the hydrosphere and zone of weathering.

With the excepti&n of Table 5-12, all abundance data pre-

7
sentéd in Tables 5-9 to Table 5-14 inc}&g‘ive have becen obm{ned by
necutron activa.tion' analysis. The arithn'_letic means for osmium and
: '

rhenium values, together with the number of samples (N); and the

standard deyiation (¢/) are also xeported in these tables.
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FIGURE 5-4: The Nomenclature of Natural Alloys of Osmium
(After Harris and Cabri, 1973) v
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l. Terrestrial o o - R

(a) Ipnecous Rocks

. ) A . )
‘Abundance data for rhenium and eoamium in USGS Standard

Ros:‘ks and in commonj.igncéus 1‘ocks' are presented in Tables 5-9 and
5-10.. ln two out of thrc;x cascé-‘tlrmrc i.s good agfécmcnt between the
osmium valucs rccommendcd"b‘y Flanagan (}‘973) for UlSGS Standard B
Igneous Rocks and_the_ 'nvcr'agcs prescnted m 'I‘ablc. 5-9. ‘.Hc_:wcvp.r.‘
therce ia s'ubstanti.jnl disalgrco;ncnt in the caac of the oamium contc;nt of

standard peridotite PCC-1. It should also be noted that there is a ten-

fold diffcronce in the rhemium content of the standard poridotite, PCC-],

I

and the only other pcridotito which has been analysed. Further, ultra-

‘mafic rocks contain the lowest rhenium abundances reported to date for

L4

‘all rocks.
Although the significance of averages is obviougly limited -
by the small number of available analyses, the inference may be drawn

that rhc'nium is concentrated in folsic rocks relative to mafic and wtra-
- .- # .

mafic rocks, whereas osmium shows the reverse tendency. This frac-

tionation results in osmium:rhenium ratios which increase from felsic -
to ultramafic rocks by a factor of about 103 in the case of the USGS
Standard Rocks. Ina stud'{f of rhenium and osmium abundances in

ignoous and metamorphic rockg.‘ Mor\gaq: and Lovering (1-967) no ted ‘aj

4
do
\

-
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similar negative,’correlation between the abundances_of these two
elements However, consldera.bly more information is necessary in

order’ to evaluate the statistical a,xgnrflcance of this trend

(b-) Sedimentary Rocks

Substantial quanti_tieaﬁ of osmiridtum are reoovered'as by-
products from the lithified placers of the Witwatersrand. The osmiri-
dium occurs as very fine- gralned dls.crete particles with an a.vera.ge dm..
'.meter o:fO 12 mm(Mertie‘._l969). The a.vera.ge grade of the plat’mum group
metals recovered 15 about 3.5 ppb, but the percentage recovery is known
for only one mine, Gedu.ld where it is about 60% (Cousms. 1973).

A n
The grade of osmium in the;platmmd mmeral-concentrates ranges from

about 36 to A5 per cent.* Th.e_'ouly reliarbl.e abundance data for osmium and
rhentum in common sedirnentary rocks is restrioted to the n.eutron‘activ'a—.
t1on analys:.s of three sechmentary rocks by Lovermg and Morgan (1964).»
In addition to low elemental abundances in two of the samples (see Table

5-11), they found a marked depletion of osmium relative to rhenium in a

pyritis ed:dark-shale.

Considerably more is known about rhenium in sedimentary
-] . -

rocks because sedimentary ores constitute several important sources
of rhenlurn Rhenium-bearing sedimentary ores are cherac’cer3.st1~::r=111yr

polymetallic. In the U.S.S.R., copper- bearmg sandstones with rhenium

contents ranging from 0.8 to 100 ppm are known. The most notable of

!
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these are the cupr.ife.erus saﬂ'dét"cfr;ne deposits of Kazgkhs;an. Also,

the -Kupfersch'ielfer has long l.b-een a produce_r"o‘f rhenium. The associa-

tion of rhenium with th;a _ uraniux-n-copper ‘sanf:lstor;e -é:jes of the Coloradq
-plateau has already bee;n re.ferred to in connection with the oxidation of

rheniurn.

. The cupriferous dépqsifs of Ka:zakhstan have been described

by Ivanov et al. (1972). In these polymetallic deposits, rhenium is |
associated with the éulphide ;'ninerals ‘and there is ée'nerally a.direct
.correlation between the rhenium content anﬁ the total Cu, Pb, Zn and Fe
content. The rhenium and ;nolybdenum, .'c":ontent of these or.es is ‘appro-
ximately equal, and in some areas the -‘I\'heniurn content exceeds thatof
mol‘ybaenum. Therefore, the i-henium in'these ores ca.n_-r‘l‘of be viewed
solely as an ip}purity of molybdeziite, and it is reasonable to expect _

that the rhenium was prec'ipitatedc as an independent sulphide_minerai. :

- An especially rhenium-rich z:orié, 3-4 metres thick, oc.' s in the ‘Pokro-

g

7 deposit at the boundary between a bornite-chalcopyrite rich zone and.
a galené ore, "It is in {:hié zone that dzhezkazganite is jsaid torhave been
discovered. Rhenium abunda_.h;cers in several é}:her c‘uplriferous Ssandstones
in tile U.S.5.R. are presentéd in\'Table 5-12.

"Iéschendorf e_fg']:_._\\(\l968)-;have desc;ibed fhe ‘occurrence

of rhenium in the bituminous shales of the Kupferschiefer and give the

rhenium content to be about 22 ppm. This is substantially lower than
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. the values of 23 to 235 ppm Thenium quoted by Morris and Fifield .
" (1969) wh:r.ch are based on older llterat}.zi‘e results ~There is a positive

correlation lgetwgen rThenium and molybdenum in the copper-bearing

-

-

-marls overlying the bituminous shale and thig,_/cor'rela._tion is more

pronounced in the ore horizon itself. In these rocks there is alsc a

Ay

strong p;asi.ti've correlation -bet\veen rhenium and the organic cont‘ent, -
and a -rst:'ong negative corr‘élg.tion Between ri'}c.anium- and the calcium .
cont;n£§‘ The exact form in which rhemum occurs in the Kupferschiefer_—
type deposit is not yet known {Wojciechowska ‘and Serkies, 1966).

The rhemum content of sedimentary orcﬂ;s is g:wen in

»
Table 5-12. "’

(c) Metamorphlc Rocks and Tektites - o \///

- - N

There is only limited mforrnatton avallable on Thenium a.nd
osmium abundances\in' meta.mor}?hic rocks and‘tektites {see Table 5-«;11).
Rhenium and osmium values in four ecl:)gites show large varril;a.tlons.
For ex.ample, the rhenium content of these rocks ‘varics .by a factor-of

27 and for osmium it varies by a factor Z 35 (Morga,n and Lovering,' 1967).

N~ .
On the basis of their rhenium and osmium abundances, Lovering and

E Moi‘gah (i964) concluded that tekt'%-;:es could be derived ffgm either

felsic or sedimentary rocks.
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sandstdnes

Coal-bearing
deposits

" Bituminous

copper -bearing
shales

Urénium-
copper depo-
sits in sand-

~-stones

Kop-Kazgan, :
Kazakhstan, USSR
Dalenskovye, -
Kirghiziya, USSR
Gul'chinskoye,
Kirghiziya, USSR
Spaisskoye.
Kax¥akhstan, USSR

- Ucfbka.‘n, East Siberia

USSR

-v_

Ceﬁtral Asia, USSR

Kupferschiefer,

Mansfield, E.Germany
0.75-1.1

Kupferg, chiefer,
W.Germany

7 Sun Valley, N. '

Arizona, USA

Traces-3

-~

4 .’-3 . - -
Table 5-12 - .
Rhenium Content of Sedimentary Ores (Aftér e
Morris and Fifield (1969) -Mydified) ’
®
-.‘ o+ s Ch t - L
Type rff Locality aracteristic
Deposit _ ore formers
" 7
Copper. Dzhezkazgan, i
Kazakhstan, USSR Copper and rhenium

Copper

o :
Insignificant ore

. development

Insignificant ore
development
_Insignificant ore
development -
Copper '

4

0.095-0. 327 Brown coals with

high molybde‘num
cc_)nte.nt and other
rare elemre nts

Coppei', lead, ™
zinc, vanadium,
" nickel, molyb-"
'dqgu:n, rhenium
other rare
‘elements

The richest uranium-
vanadium region of
USA. Supplementazy .
source of rhenium
" and other rare
metals.
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{d) Zone of Weathering

. _ Under oxidizing conditions it is likely that rhenium in
molybdenite is oxidized from the +4 state to the +7 state to form

"rhenium heptoxide Re 07. Under extreniely arid conditions

2

ReZOT‘would be stable as, for example, in the previously cited cases

‘of the uranium-molybdenum sandstone ores of the Colorado Pl'a_teau.
i

IR.eZO7 readily dissolves in water and under humid conditions perrhenic

1l

acid, -HReO‘i, cbﬁld\be expected. Perrhen‘ates. with the exception

of the perrhenates of the alkali metals and thailium, are readily
soluble in v'va‘ter. Therefore, oxidation and leaching of rhen‘ium—.
bearing molybdenites c.‘:n be expé céed to resglt'in‘ chemical altera-
tion and hydrological dispefsion c;f significant quantitics of‘fiis solqu
rhenium in the Rerrhenafe from. |
‘Fu:rther, several authors (Morris and Fifield, 1k969; \{lasov
1966 and Ivanov, 1972), on the basis of field observations and expe:x"i~
‘mental work, conclude that dﬁ;ing the course of progre:ssive oxidation ‘

~y

of rhenium-bearing molybdenite, rhenium may be preferentially

~

oécidized and removed_ with resi:ecf to molybdenum. 'Hence, increase

of rhenium:molybderi&m ratios in surface waters rela{tive to molybdenite
is to be expected. Ivanorv et al. (1972) report, for. example, that in the
sl—i‘ghltly alkaline mine waters of th;a Katzharar‘l deposﬁ, U.S.5.R.,

- the *Yhenium:molybdenum ratic is greater by a factor of 200 relative

to molybdenite in the deposit.
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.(5})

The primary asso ciation of rhenium and molybdenum

- is also reflected in the zone of oxidation where rhenium is associated ’ _
with the oxidation products of molybdenite. ‘Wulfenites contain up to

1.25 ppm rhenium {Fleischer, 1959) and powellites with rhenium -

-

contents rax}g_igg from 0.5 to 170 ppm have ‘byeen {:ported by Ivanov
ctal 0972). N

- (é') Oceans . ‘

Tﬁe data c_:fn'*rently avé.ilable on rhenium and 6smium,in
o‘cean waters and sedime"hts .have 'g'een summarized in Tat;le 5-13.
Aé"a result of their work 'on‘eleven North Atlantic deep sea sedix"nents;
Olafssz)n and Ril;:y (19 72) suggest that the rhenium cortent of these

sediments results from adsorpfion'of perrhehate jon during the forma-

tion'of authigenic clay minerals with subsequent incorporation of the®

- A

adsorbed-perrheﬁé.te into the lattice of the clay minerals.

; (f) Ores

The most important sburces of rhenium are molybdenites

associated with pdrphyry copper deposits and, to a lesser degree,

~

_f;he_‘sedirhentalry ores.of which t_he cupriferous sandstone class is most
implortant.l The recovery of rheniu}n from porphyry copper deposits

has been‘\dealt with by!Su£ulov _(1970). ' In contrast to the .gxl*anitoid affilie;- - :\'
tions of r“"heniurn. primary osmium ores are associated with mafic and

ultramafic rocks. Osmifm-bearing platinum group placers are of
f .

secondary importance.
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Notable advances in the kno;vledgc of.'platinum metal

dcpositsqhave becen made reccn.tlf and .afe summarized by Stlumpﬂ

(1974). These developments have resul;:e,d largely from progress in

the mineralogy .of the piatinum group metals, 'andlfromlthe app‘tlica-r
tion of elcc"tron microprobe and neutron a:ctivation mc;;hods to the

study of platinum mét:a.l deposits. However, the relative distribution
© of osmium bctwcéﬁ the various m;neral components of 6re deposits
is still not well known.

In igneous rocks, c‘onrccntrations of the‘platinum group

elements may bé sufficiently high as to constitute ores in their own
right , as in the case of thr,: deposits of thc_: Bushveld Igneous. Compl ex,
South Africa, or they may be present in lower concentrations associated
Wit-h, copper—niékel sulphides and recovered as byproducts as, for
c}'; 7 atSudbury and ;}.t Il\ior-il'sk, insthe U. S.S8.R.

W‘gimary platinum deposits fall into two main classes,
* those associated with chromite-bearing mafic and ultramafic rocks,
and those associated with copper nickel sulphide ores in gabbrdic rocks.
The deposits affiliated with chromite —beéring rocks are further classified
according to those associated with large, layered intrusions (for exaﬁ}glc}
the Bushveld Igneocus Complex and the Stillwater Complex, VMontana),
or thoée in podiform ultz;amafic rocks situated in orogenic belts (for

example the Nizhniy-Tagilsk;dcpjit in the Urals).

_
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- The most important primary source of platinum metals
are the'dc‘poéits associated with the layered intrusions exemplified by
the Bushveld Igneous Complex. Hc.re the platinum arcas occur in the
Merensky Reef, a pegmatitic pyroxecnite bounded by two thin clxro;nifc
__-scams, situated at the top of the Critical Zane. Thg Lplatinuf’n group
mct;al:s'are associated with nickel, coppﬁr. iron sullphid‘cs spatially
associated \vit}; the chromite seams, and oécn'zr as-nativc alioys and as
compounds of platinu:;n and palladium with arsenic, ,ant:irjnony, bismuth
and tellurium-(Stu.rm;ﬂ, 1974). Platinum metal values ate also found in
sulphides ,l but the relaﬁvc distribution of the pla'tinum mlc':tal grbup
between Ithe valri(;ﬁs minerals is not yet known. The average tenor
of the total platinum group metals in the Merensky Reef is 4 to 8 ppm
(Stumpfl, 1974). High iridium values in these ores and the widespl-'cad
. geo cbemica’l- coherence between osmium and iridium sm.xggcs‘ts that- a
similar énriéhﬁqent may be expected for osMn t:heae éulp_hidcs.
A preliminary study of chromites in the Upper Critical Zone i:t_elow the

Merensky Reef has revealed high osmium values ranging from 50 to

114 ppb, with an average of 90 ppb osmium (Gijbels et al., 1974),
Three platinum-‘bea'.ring dunite pipes occur in the eastern
part of the Bushveld Igneous Complex. Two of these pipc;s, ‘Onverwacht
) o - :

and Mooihoek, are characterized by iron-rich hortonolite cores which are

-notably enriched in platinum metal values. The role of r'nagma.ticalllyf
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derived flu'ic.ls; in the formation o‘f these deposits, ind‘ica:.tcd- by plﬂogopito.
hornblende anci flubrhpatfte ase_;q-ciatcd W1th the hortonolite dunite, is
‘gencrally accepted (Cérockct,, 1969; Stumpfl, 1974), and is cmpha.siv;cd
by the even d'i.s.tribution‘ of pl.atinur'r} values in the third i:ipe. Drickop,_ . k‘\' )
which is rclativé;y umr.clnlncd' petrologically. The platinum group m{fmcral.'

assemblage of these pipes is notably different from that of the Mercnsky

Reef and consists of iron-bearing platinum and a complex association

led
A

of sﬁlphnrsc;lidcs., arscnates and antimonide platinoid minerals (Stumpfl,
1974). Osmium is present as laurite, osmiridium and iridosmine .
(Crocket, 1969) and ira:rsitc (Cabri, 1972}.

In the Stillwater Complex, platinum group minerals are

™ . ’
associatcd with nickel, copper and iron sulphides in chromite-rich zones

of the pcrxdotltc member. The p):qu‘\x‘na minérals present include
merenskyxte (PdTe ) and kofulshxte (PdTe), as wcll as iron-beafring
platinum, cooperxte_ and the osmmm-—bearmg m1nera1 laurite (Stgl\pﬂ,
1974). - 2

The association of th; platin@l metals with chromite in the -
"alpine'’ ultr;maﬁcs is besat illustrated by the depo@ts o-f the Ura%
Mountains, wHere os-x'hiriciiurn—bt;.;a.rir}g platinum' placets have becn noted
in ten districts {Qﬁir'ing..‘l9.€>2).l In the N'i"zl;ni.y-‘Tagilsk. ciistric.t. which
is typical of the rest, the platinum placers are derived from a bodf.

comprised essentially of serpentinized dunite and pyroxenite. " The

El
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pint_i..num group metals occur in the dunite in il;rqgular;‘:nmasscs_ of

chrofnit'c of-pegmatitic and hydrdthcrmal. oriéin {(Mertic, 1969). K:
| In the Inaglins_k.dcposi_t, which is of the Ural-s type (lRa':.in

_e_til ) 1965), platinum metal inucs are associ-atcd with a coﬁccnt;‘ical-

ly-zoned pipe-like intrusion comprised of a dunite core surr:bunclc_d by a v

-
suite of alkali-rich rocks. The platinoid minerals are concentrated in
the dunite and inglude na &vﬁ\'(llloys. sperrylite and cooperite. Osmium
. : \ >
is present as iridosmine, N 7 -
The only platihoid minerals identified to datc in the

~

pyrrhotite -pentla.nditc_-éhalcopyi‘itc ores of Sudbury are compounds of
cither platinum or I;al_iadium with arsenic, antimony, bismuth and
tollurium. Niggliitc:. (Pt Sn) };a.s also been tent;tively idehtificd by
Cabri and LaFlamme (19:74). At the Strathcona Mine‘.osr,;‘llium values
‘range fro.m 0.68 to 68 ppb. Further, osmium is closely associated
with rutheniﬁn‘:: and iridium, and is slightly concentrated in pyrrhotite
relative to coexisting chalcopyrite (K.ea.yé and Crock:ct,. 1970).
| In placer depos—its, osmium is c?rﬁmonly in the form of

osmiridium but is now also known to persist as the sulphide and sulph-

arsenide forms (Stumpfl, 1974).
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2. Extraterrestrial .

The publishcd'data ‘on rhenium and osmium abundances in.

meteorites and lunar materials have been summarized and are presented

in Tables 5-14 imd 5-15. The ;werage class values for rhenium in -
¢hoﬁdritcs and achondrites ;;gree clo‘sely \:ith th:?. values of Morris and
Short (1969). However, the averaée for rhenium in irons citgd by
these authors and which is based on values in two papers, ie;,aboﬁt 25
pcréent"higher-than the corresponding value in 'I‘ab}e 5-—1.4. This table
illustrates the s'trong deplt—:tion.of, I}heni@ and osmium in chonc.l.rites'

” S |
and achondrites relative to irops. .The lack of fractionation between
rhenium and osmium is shown by the similarity of osmim:rhenium
r#tios for the diffcrcr}t; classes of chondrites. The Os:Re ratic of 13.0

for achondrites is considerably lower than the value of 19.8 obtained

by Morgan and Lovering {1964} for an cnstatite achondrite. However,

Krahenbuhl et al, (1973} have recently demonstrated that carbt_maceous ‘

chondrites are more homogeneous than formerly thought, and further
adjusfments to the Os: Re ratios of chondrites will undoubtedly result
from additional anal ytical data and with the refinement of procedures.

With the exception of.the nickel-rich and nickel-poor ata:-citcs,‘1 the iron

meteorites show very consistent Os:Re ratios. The variation between the

ataxites is proba bly a sampling bias.

i
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!_In'z'tddition to abundance de‘terminations of rhenium in lunar

materials, recent intérest.has also been focussed on anomalies in the oo

v
-

~ isotopic composition of rhenium as"*_é,'result of bombardrn_ent of the Iunar *

J

surface by epithermal.neufions (Ivfichelrgi_:. al., 1972). Tal\)l}e 5-15

illustrates the enrichment of rhenium in lumf‘sm%t to

"q A . . . \

lunar rocks ds a result of meteoric. contarnination. The abundance of
rheniuim in lunar rocks is similar to the abundance of . rhenium in achondrites

a._r_lrdr some terrestrial wltramafic rocks (see Tables 5-9, 5-10'and

5-15).



CHAPTER 6 - .
B . Al . .,

e ‘
DISCUSSION OF THE MAIN DEPOSITS SAMPLED
. .~ AND ANALYTICAL RESULTS

STRATHCONA MINE

At Strathcona Mine, situated near Sudbury
. . ‘:r"!
(Figure 6-1), recoverable quantities of the platinum group metals are
; ‘ - ~
associated with nickel-copper ores which are spatially and genetically

related to the Sudbury Nickel Irruptive. The Irruptive is composed '

:Jessentially-of granophyre overlying norite and'a discontinuous ore- .

LU

be'ariﬁg unit called the sub-layer (Sduche_t al., 1969). The Irruptive,

t-ogether with the o_vérlaying stratified rocks, lform the‘ Sudbury Bas.i_n.

The regi(;nal seftiﬁg of the Sudbury Basin is discussed by Card and

Hutchinson (1972)1, and the chronology of the metamorphic history of the
| area has been dealt with b;'.' Gibbins and McNutt (1975). Sub-layer

L 2

breccias which host many of the Ni-Cu ores of the area have been
’ —

described by Naldrett et al. (1972). !

102




g
- FIGURE 6-1: MAP SHOWING LOCATION OF DEPOSITS .’

SAMPLED |

34

Based on: Map 9004, 22nd Edition, 1972, Modified

o . 1
© Additional data from: Map 1252A, 1969, Departrhent of
Energy, Mines and Resources,
Ottawa.
? '
n
+
* AN
'\3 .

'h

O R SNSRI P e yTOr LEEPEpEE St P

e et s e, L



102a

a ‘oML O
*saanotmy puo taun Ay o -
. WewLOdsG ‘6981 'YZET JYN WOy oiof IDuoIFRY
P loom " 20810 puZZ YOO8 JYN U0 pasDg
"POMDS 1odep J0 LOHLO0| Bupmous dow

e yLZ VO

HLKTOHLYE Y3349 NOHOID
YRV ATTRA NV HOH

Yo el
— 3009 SIINISS
-3 OIA WIANCONYA O

- T , ,
Doyl % IR VIBNMICD HSI1IHG

334005 TIRN .

2 IIGNI I \ “,_

i
i
|
)
_
__
!
i



103

\

(1968). ‘I‘he pfincipal metallic minerals of these magmatic ores are

The ores at Strathcona have been described by Cowan ‘

-

pyrrhot:.te, magnetlte, pentlandite, chalcopyrite and pyrite (Naldrett

“and Kullerud, 1967)- The parageneses of these minerals are now we

known and have been thoroughly dis cussed by Na.ldrett and Kullerud (19 7)

iy
on t.he basis of experimental work by Kullerud (1963, 1967) and Craig
and Kullerud (196l7). o
Platinur.n group 'met.als are distribﬁted inAt‘he"Sudbury ores
in two main forms: (1) as dis.ci-ete }ninera}é and (2) as minor constitu-
ents in metallic minerals. |
. (1) The occurrence of discrete platinum-group minerals
such as-éperrylite, michener:%.te and fr_oodi.te in the Sudbury ores‘ is
well established (Hawley, ‘1962) .and re.cently', platinurﬁ and palladium
\/_\mmerals of As, Bi, Sb, Sn and Te have also been 1dent1i1ed in these. -I:
ores (Cabri and LzaFlamme, 1974). No osmium mmerals have |

L-

‘ o ¢
been reported to date either in the Sudbury ores in general, or in the ‘/J
particular case of the Strathcona ores. Therefore, the most important

3

mode of occurrence of osmium in the Sudbury ores is as an impurity .

N Q
in the metallic minerals. . _ _

]
~



I
}

L e
(2) Tﬁ'e distribution of the platinu}n group elémentg. in %
7 Strathcona pre mmerals is m.flluepced, by two main controls. First, by
‘fractionation between ore minerals at high temperatu:;es. S;ecpnd. - ‘

by part11:10nmg betwéen etallic mihérals at s.ub:-sol.id‘us temperatures.

In addition to these prlma'ny controls, distribution of the. platmurn

metals at Strathcona. ha's also been affected.b_y the more ‘complex h;sf?sry .
.of_ the lower. tw;) OTre zones. ) : | _ . . | o .

- .

The first minerals to cr)}stallis.e from the sulphide melt

at Strathcona weére Fe-monosulphide (pyrrhotite) solid s‘olution and
magnetite.. ' These minerals persisted unt1l at least 700 C [Naldrett
and Kullerud, 1967). The initial d1str1but3.on of the plat'mum group.

metals at sub- lxquz.dus temperatures is therefore controlled by thls

- “

high temperature event. Chyi (1972) dealt with the d1str1but10n of platmum,

[

palladmrn and 1r1d1lum’ in _.the Strathcoqg.ores under these conditions- He
found iridium to bﬁ concentraté;l in py:rho.ti;:e relative to mggne’fite‘ by-
a ‘factor‘of 2 in the Deep Ore Zoné.l Oémi@xn‘, by vﬁ.rtue of i.t;.s coherence
wit.%.‘/i}'\diu'xn, r_hay likewi‘se be' expec-:ted to conéer;;;rate in pyrrhotite réla—

' tiC::to magnetite. This contention is suppo.fted by the concentration

of68mium in high temperature pyrrhotites noted by I{:ea.ys and Crocket

G.}

(197¢D)d:uring their study of precious metals in Sudbury ores.
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Sub-solidus dis_tributipn'of thg platinum metals in these
ores is controlled mainly by exsolﬁtion processes. Fyrite exsolves fll-om
hexagonal pyrrhotite solid solution below 700?(:, 'followed by chalcopyrite
below 4500(3 and pentlandite below 3000C (Naldrett a‘nd‘ K\.Jllcrud; -1967).
The osmium content of Strathcona pyrites is not known. In their stud'y
of the Sudbury ores, inéltiding Strathcona, Keays a;ld szocket_(l-‘J'?O)

}

found a general lack of fractionation of osmium between pyrrhotite and
-

chalcopyrite. . This they interpreted as bc_eing a consck;uencg‘fof osmium

in solid solution in high tempe.i'ature pyrrho_tité. Chyi (19 7é)-£ound

iridium in the Deep Ore AZone at Strathcona to be enriched in chal‘%’opyrite
P

relative to pentlandite, magnetite and pyrrhotite by factors of 3.5, 5. 7

ar;,d -57 3‘re‘specti-ve1y. / |

‘ Thefe is no published information concerning rhenium in

the Sudbury ores. The samples analysed include massive sulphides,

chalcopyrite and pyrrhotite separates from'the Deep Ore Zone, and

massive pyritic banded ore from the footwall of the Main Ore Zone.

The analytical results are given in Table 6-1.
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HEATH STEELE MINE

i '8
The orebodies of Heath Steele Mine are chara.c‘teristic{ of

a group of volcanogenice stratiform, ma;ssivé sulphide depo'sits which
oc;cur' in the vicinity of Newcastle, near Bathurst, New Brunswick
{(see Figﬁre 6'—1).. Ore deposits of this class are world-~wide

@‘n their ;Iist;ribuﬁon and occur through a wide range of geologic time. -
In the ﬁathurst—Newcastle area, they are associated with felsic rocks
in a volcaﬁic complex of Ordovician Age (Helmstaedt, 1971).

” ‘The geology-r of the Heath Steele Mine has been described
by. McFarlane a.‘ndn Gates (1966). The samples analysed .a.re .fro:-n the‘
.B-l ore.z.one.“ 'i‘he orébody exhibits metal zoning ar;d macroscopic
banding and is comprisc‘d cssentially of very fine-grained suiphidcs
in two distinct assemblages (i) pyrrhotite:chalcopyrite{ (ii) pyrite-
galena-sphalerite. The footwall of the orcbody. is copper -rich and.
the hanging wall is I;ich in lead and zinc. The textures of the ore
minerals have been discussed by Stanton {1960) and I;;oy (1961). The
oniy previous work de'aling with plaﬁr};}’n group metals.of Heath Steele
is a gtudy by Mercer and Cr.ocket (1972) concerned with the distrihution
of palladiunr? a‘nd gold in the B-1 orebody and its w?.llrockrs. “\/‘ég _

| .The locations of the samplés ané.lfsed”in this Work'aﬁrw

shown in Figure 6-3 and the analytical results are shown in Table 6-2.
: e 7
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515

<
' S14

hanging wall { volcanic frogmenict )

$14 S13 .

footwall {predominantly chlorile ~rich metasediments )

"VERTICAL SECTIONS

LEGEND

ms.  massive sulfides
u  note thot B138 hos been

- projected onto S14, the - -

. nearest vertical section
® - sample site
O

100 200 feet

s8

FIGURE 6-3: HEATH STEELE, GEOLOGY and  SAMPLE SITES



Table 6-2 .

Analytical Results: Heath Steele Mine

110

P
Material® Rheni\-un Osmium - .Q_s
(Sample No.) "~ (ppb) {(ppb) Re
. Massive sulphides - .3.83° 0. 05 (Max.
(No. A4049) 3.54
Av 3.680. 14 ppb < 0.01
Massive sulphides 0.75 0.07 (Max.
(No. A4093) ' ' 0,17 (Max. _
£0.16 -
. &
Sp_halerite 0.20 0.03 (Max.
~ (No. B89-3) : 0. 03 (Max.
< 0.15
Chalcopyrite . 3. 00 0.04 (Max. € 0.01

 (No. B104-5-1)

% For sample descriptions see Appendix C.

ADAMS MINE (BOSTON IR.ON FORMATION)

1. Locatmn and Regzonal Geology

The Adams-Mine is 1ooatcd at the eastern margin of the

© southwestern extremity of theﬁAbitibi greenstone belt.

bedrock in the area is of Archean Age.

*~

Ontario (see Figure 6-1). The Kirkland Lake area is situated at the

All exXpo se& :

”B”d‘fmbn Tron Formation about 7=1/2 miles southeast of Kirkland. Lake, ... ...



‘In the vicinity of Kirkland Lake the gl.:'eenstone belt is
composed of a Keeﬁatti-_;u "volcani-c” assemblage overlain by a Timiskamipg‘
"sedimentary" ass'.embl‘age Whi(;h is intruded by granites, batholiths and
syenite stocks and appears tb represent the central.sedimentof an Azlchean
volcano-tectonic basin (Pye gt al. ,‘1972_)‘. . 4n alkaline volcanic suite .

* within the Timiskaming a_ssemblage‘(f{idi&'?‘z". 1;3'_?0) is notable. for its high‘_ |
pot-:a.ssiu:m content (Copke and Moorehou;se, 1969) and is associated with

. the Beston Irox-l. Formation. Ridler '(197.0)-'ha;.s characterize'd the - '

" Archean é:tratigraphylin this area by thre_csequen'tial,volcanic cycleé )

trending from :fn older sus-alkalic and saturated éuite (tholreiit:eé,

andesites, and dacites) to a hyperalkaline undersaturated suite (alka—ldfé%

. trachytes, feldspathoidal lavas, and syenites}). He assigns the Boston

et )

Iron Formation to the upper portion"o‘f the second _vgléanic cyclc,. and
2 Timiskaming Age.

‘Whole rock ages by the Rb-Sr_isochrox; method iﬁdié:ate
absolﬁte ages of 2358 my and 2508 my for the Timiskaming and K;ewatin

[>T

© voléanics respectively (Fairbairn et al., 1965).

- 2. Local Geology

The Adams Mine is situated at the eastérn extremity of

3,000 to 4, 000 feet. The iron range is arc-shaped and conforms

-

x . 111
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approximately with the boundary of a é'yenite stock immediately to ‘

the north. !?the vicinity of the Adams Mine it is composed essentially

W

of iron formation, chertwa{tzites, and volcani@c/ks, mainly
thr

trachybagalts. At least major iron-bearing horizons have been

recognized in the eastern portion of tHe range (bubuc, 1965). Locally.
these iron-rich uhits mergé; but generally they are separated by the
basic lava flows. These flows occupy increasingly larger volumes of
. . * . -

the stratigraphic column as one proceeds in a westerly direction, until

-

in the western portions the basin of deposition-is occupied almost

1

,
-

entirely by volcanic xro cks.
'I‘he iron deposits are ty}:ﬁic:"a.l of the “Algoma-ty;-)e” iron-
formation and are comprised essentially of welJ: defined, alternating
thin bands of chert and n:xa.gne?ite and are generally 100.1:.9?1:5?5 feet |
thick, though they may be thicker as a result of deformation. Locally,
jasper, specular hematite,-and pods of chlorite with or without magne-

[N . - . - N
tite and containing small quantities of pyrite are important. -

The locations of the mine and of the samples analyzed are

given in Figures 6-4 and 6-5. Analytical results are presented in

B

Table 6-3. o : . A

~

.
. mam d—— it
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. ‘Table 6-3
\ . toe
Analytical Results: Adams Mine
-Materié.l*j _ Rhenium Osmiurmn Os
(Sample No.) ) (ppb) (ppb) Re
"~ Banded Iron ' 3. 04
) Formation ' N.S.*#* - 3.35 ‘
* (F-16-13) . AR A 3.20x0.15 ppb
Magnetite =+ 0.2l 1.76 -
(F-16-13) 0.17 3,31 .
. — ~ 0.41 . 2.53%0.78 ppb 8:43
: . - 0.40 .
N : f ~ 0.30+0.13 ppb ’ >
Pyrite 2.10 0.16
- 2,08 0.11 ' ’
~2:09:0. 01 ppb 0. 130 03 ppb 0. 06
Basalt
. e
(F-16-5) N. -
- 3 +0.00_ ppb
5000, PP
Lean Iron.Formatio _ ’
(F-16-8) . - )/ NS .
: ' 5 - 4+0. 02 ppb o
Cherty Quartzite N.S 0.03 -
_ _(F-16-14) ' 0. 06 |
S T " 770.05%0.02 ppb - 7 - L
% Sample descriptions in ‘Appendix C \ , ]
*%* Not sought. . )
%
) .
: Y
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‘ bathohth (see Figure 6-1). Molybdenltes from the

GUICHON CREEK BATHOLITH  © .

1. General Statement

3

Ti}"e Guichon Creek Batholith is located in the ‘southern
portion of the lr_itermontane Belt of the Canadian Corc:'lilh_ara and is
known 4 its assoc:.ated copper deposits. Tﬁese deposits include

the porphyry copper and h:Lgh grade vein depgplts of the nghland Valley

" areain the northern part of the batholith, and the cor_xtact metasornatlc

deposit at Cralgmont Mlne;iocated on the southern margm of the-

Guichon Bathol1th were analyzed from Bethlehern Copper, Highmont,

Lornex, and Valley Copper. Additional metallic-minerals were also

analyzéd from Alwin Mining, Bethlehen‘*(c\opper, and Craigmont Mines.

2. Régional Geol.ogx - ' L ‘

The Guichon Creek Bafholith.is an elongate, composite,
semiconcordant, plutgfwhlch mtrudes sedimentary and volcamc rocks

of Permian Age (Cache éfeek Group) and Upper Tr:.assm Age. (Nmola \

Group)- Aeger et al. (1972) have discussed the results of 2 preliminary

—

gravimetrigu'rvey over the batholith, and the geology of the batholith

has been dealt with by McMillan (1972). _ . ' N

.1 ' i 116'
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P'etrologically, the batholith is composed of a series of
- ) . ~
nearly concentric phases which grade from older and more mafic at the

’ T
margins, to younge'r and more felsic at the core. From margin to core
. . <

‘tilese.phases are: The Hybrid (Border) Phase (predominantly quartz

. ™ . )
diorite), the Highland Valley and Bethiehem Phases (granodiorites) ahd

the Bethsaida Phase (quartz monzonite). Breccia pipes near the con-~
tacts of the inner, three phases are closely associated with small granitic
maf.ss;s, and are indicative of sub-volcanic explosions during thG’: final
stages of crystallisaz of the batholith (Carr, 1967 and Northcote, 1969).
Dguteric’alteraﬁop is widespread throughout the ba'tholith. |

- Radiometric dating of biotites and hornblendes in the con- "

stituent phases of the batholith by the K/Ar method gave an average age

"of 200+£5 my (White et al., 1967). K/Ar dating of biotites from these

‘p}}ases gave an average age of 19848 my {Northcote, 1969). There is no

difference between the radiometric ages of the éetrological phases of the
- & ' ‘
batholith. ' o

3. QOre Deposits '

'

Copper is widespread throughout the batholith. It occurs as

chalcopyrite and bornitd in accessory amounts in large volum&s of the

.0lder phases of the batho'lritﬁ and is sufficiently concéntrated_ in the

younger-phases to constitute numerous metallic deposits, some of which
’

are currently viable. The copper déposits within the batholith are of
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two types; high gré.de small tonno.ge vein deposits such as those found

- at Alwin Mines, and the porphyry copper deposits ‘of the Highland ~Valley

area, e. g Bethlehem Copper Corp., H1ghmont, Lornex’ and Valley

Copper. All the porphyry copper deposits occur near the northern part

- &,

of the core of the batholith associated with the contacts of either the

Bl

Guichon and Bethlehem or the Bethlehem and Bethsaida Phases. The

ores are further characterised by their associa.tion with major faults,
( ¥

for example. Valley Copper, Lornex, and the ¥.A. Zone of Bethlehem
3

_Copper (see Flgure 6- 6) and by theu— asso ciation with breccia p1pes,

as at Bethlehem and Highmont. The main metallic minerals of the
- /-

porphyry copper dep.osi{:gﬁare chalcopyrite, bornite and pyrite. Molyb-

3

denite is' recovered where it ocdurs in sufficient quantity, for example,
at Lornex. The ores are associated with widespread hydrothermal -

alteration {(McMillan, 1972), and are <\:\ons idered to consfitute part of the
. N " o ' .
late stages of crystallisation of the batholith because of their close .

affiliation with the younger phases.

The high grade (2. 5%) copper deposit at Alwin is localized
in the Bethsaida phase and is associated with a weakly mineralized quartz
piagioclase porphyry. The deposit is composed of sharp-walled veins

of bornite, chalcopyrite and locally primary chalcocite, which occur -

along permeable fault zones up to 30 feet wi?e. The gangue minerals’

e
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within the veins are mainly quartz and sericite and lesser qua'ntitics
of felc;spar, calcite. chlorite, hematite and clay minerals. -_ The country
rock’ ad_]acent to the veins has been only slightly altered.

Rhenium and osmium abundances in hypogene sulphides
from the ccntral portions of the Guichon Batholith, were determined in
‘primary co;.ppcr minerals from Alwin Mining (chalcopyrite) and Bethlc*h‘emj
Copper C:)rporatic;n (bornite) é.nd in molybdenites from Lornex, Highm.cnt,, ’
andVValley Copper. The results are givén in-Table 6-4.

The property o.f Bethlehem Coppec Corporation s-traddle_s‘
the contact between the Bethlehem a_md Guicﬁon Quartz c?iorites a.nd‘
~ contains fivc separate but: closely associated orebodies including t-'he
~Jersey Zone, the depcsit analyzed in this work.  Molybdenites wc;.-c also
analyzed from the J.‘A'. Zone, located in the Highland Valley proper
on the Bethlehcm proper-i:y. )

"I‘hi. contact zone bétxy;:eﬁ‘??fe P;ethlehqz_m and Guichon quartz-

. ) ) .

diorites in the vicinity of tﬁe .Jeyéey p%t is very complex. The ore is
fypical of the'po_rphyry copper deposits in this area and is coi'nposecl
essentially of chalcopyrite ané bornite localized mainly in._ctruct'urally.

controlled sites. Molybdenite is asso ciated with chalcopyr.itc. "Biotite

and tourmaline, and hematite are present in small: quantities.

’
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 Table 6-4
Ana.l“ytical Results: Central Guichon Batholith
Material ‘ ~ Rhenium_ Osmium . Os
Sample Location (ppb) (ppb) Re
CHALGOPYRITE T.95 ) 0.59 0.10
Alwin - \
BgRﬁThE 0.76 0. 07
ethlehem ) ) ! 0.05
. Ay. 0.°06+0.01 ppb___ 0.08
{(ppm} ' \\(ppb) ‘
MOLYBDENITES™ - ™~ . -7
Lornex (L-1) . 25T 0. 08\{¥ax. ) 3.1x10
Highmont (H/S) 95,7 0.14 _ \; 1.5%x10°°
Valley Copper (H/S) 288 0.19
. 297 -
Av. 293£5 ppm 6.5x10
Bethlehem Copper , !
No. B-1 1171 N.S -
1153
1162x9 ppm
No. B-3 335 N.S -
340 .
338x2.5 ppm
J.A. Zone 222 N.S -
No. 2 200
‘ 211211 ppm
No. 3 246 N.S. -
221
234413 ppm

% MoS. concentrates unless otherwise specified. ’

H/S: Hand specimen
" Not sought ~

N.S.:

Sample Descriptions in Appendix C.

G
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Three zones of hydrothermal alteration are associated .

.with the Jersey orebody; a central argillic assemblage consisting of

. chlorite, sericite and clay, an epidote-bearing zone, and a‘pooﬂy

defined pyrite halo. At Valley Copper argillic and phyllic alteration is

.
&

well ‘developed, whereas at Lornax and the J.A. Zone, prophylitic

alteration is better developed. The hydrothermal alteration associated

- with the porphyry copper deposits of the area has been discussed by'

- Lowell and Guilbert (1970) and by Rowe (1973)'.-

9

CRAIGMONT MINE

The conta ct. metasomatic copper deposits at Craigmont Mine
occur in a geologically complex area near the south contact qf the
Guichon Batholith (see Figure 6-1). The ore is localized
in an altered impt;re limestone unit within the Nicola Group (Upper |
Triassic). In the mine area the Nico up is comprised of tuffs,
greywacke, limestone, and argillite (Rennie et al., 1960).

| The ore occurs as five ore zones in a copper, magnesium,
iron, and silica-rich s'l.<arn asséciated.wi%h'an é.nticli.nc. Chalcopyrite_
is the ohly ore mineral in these massive pyrometaéomaﬁc i‘cptét'c_:em’ent
deposite;, and was introduced i‘n two main staé,es: the fifst:, m v;.rhit:h it is
as sociatéd with magnetite, and the second in which it acco panies
hematite. Magﬁetite and. ‘hematite account for about 25%, by weight, of
the orebody".‘ Other meta.llt‘ic mirieralé associated with the ob\e\ include .

. \

pyrite, pjrrrhotite and bornite. \ o : ‘\\
. . - |
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The locations of the samples are not accurately known
because they were, of necessity, collected from dump rhéterial.'
The results o_f sarriplés ana\ly'sed from Crailgmont a.‘re' presented in
‘Table 6-5.
\ ~
Table bﬁi-
A} .
: Analyt_ical Results: Craigmont Mine
Material - - Rhenium - - Osmium [ Os
_ (ppb) {pp) " . - Re
Pyrite o 37.4 0.10 0.003
- ; 37.3 .
Av. 37.4+0.1 ppb
Chalcopyrite L 3,72 | 0. 01 " 0.003 -
Magnetite . - 1.86 0:09 " 0.04
‘ - 2.350 . '
Av. 2.11%0.25 ppb
\ \
L‘
a

Sample descriptions in Ai)pendi_x C. -

GRANISLE COPPER MINE

1. Location and Regional Geology

Granisle Gopper Mine is also situated in the lntérmohtane

Belt of British Columbia and is located at the noxrth end of Babine ILake
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(Latitude 5,-(3056. 5'N, Longitude 125°00'W), 6.5 km. northeast of

Smithers. 'The Granisle- deposit is rei:r_esentative of several porphyry

' ~coppe-r deposits which occur in the area. These 'c.‘;eposits are a.ssociated
‘with small Tertiary dykes and stocks of biotite-feldspar porphyr*}_

which ére of quartz dioritic g;)mposition. The por'-phyrics aré associated
with nortﬁv'ves't-trélnding faults of regional éxfent and intrude Meso'zoio'.“
volcanic and se‘dimentary' rolcks. The following sumﬁiarhy'of the geolo gy‘

;:f the‘ mine area is based on papers by Fahrni (1967) and Carte? (1965, 1972).

2. Local Geology

McDonald Island, ui)on which the mine is located, is \iilderlain
by rocks of the Hazeltén“@up (Lower Jurassic) comprise_d-essentia.lly
ofﬂandesit-ic volcanic rocks and .lesserk quantities -of sedimentary rc‘>c1«_;s.
The 'copper mineralization is _associated with a set of Iﬁulﬁplé-intruded
pGorphyries. The"most notable of these is a dfke of biotite-feldspar
porphyry 120 to 200 metres wide which strikes north easterly across
the island. K/Ar age determinations on four biotites within, and in\'

" close proximity to the orebody have a r'ne~an age of 51.2+2 my and indi-

cate close time relationships between intrusive, ‘hydrothermal and

mineralizing activity (Carter, 1972}
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3. Ore Deposit

>

The ore c':onsists essenti:ally of cha.lcopyrite; bofnite and
‘minor pyrite. I\-/iec_lihm to coa.'rse-gra'med c;hal'copyrite,is the most
common ore mineral.” It génerally occupies narrow quartz-—filleld
fractures but als.o occurs as ‘disseminéfions in quartz d'iorilte and in
metivolcanic and metasedimentary roc;ks. ‘Bornite is, most common
in the southern part of ther.rebody and is associated with éhalcoiayrite '
and quartz in fractures. Mé.gneti;*.e and séecular hematite are common
'in the northern part of the depos:it.' D’rusy'quar.tz veins thought to b;a'
later than the mz}in mineralization contain some molybdenite. A zone
of potaésic alteration coincides approxiﬁately with the limits 6f the’
ore zone. ;The association f)etween hydrotherﬁai alferation and the

porphyry copper deposits in the area has been discussed by Carson
a ¢ .

" and Jamboz, (1974).

. The location of samples analyzed is shown in Figure 6-7.

The analytical results are given in Table 6-6. o

< ) -

3 -
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FIGURE 6-7
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Geology of GRANISLE COPPER MINE ond somple sites.



Table 6 -6'

Ana.'lytrical Results: Granisle Copper

127

Material ' Rhenium ‘ Osfniurn ' Os
(Sample No. ) (ppb) - . {ppb) - Re ..
Chalcopyrite - 0.91 0.08 -
(No. 1) - . ' 1.31 0. 04

- 1. 00 0. 07 07

Av. 1.08%0.23 ppb Av. 0. 0.06%0. 02 ppb 0. 06

Pyrite  0.57 0,014

(No. 5) : 0.38 ¢ 0.016
~Av. 0.47+0.09 ppb 0. 095

>

Av. 0.042%0. 053 ppb0. 09

Bornite : 0. 09 0. 36 -

(No. 4) E - 0.19 : - 0.26
Av. 0.14+0. 05 ppb 0. 39

Av. 0.34%0.08 ppb 2.43 .

Sample Descriptions in Appendix C.

KIDD CREEK MINE

The Kidd Creek deposi.t is an example of the volca.nc;genj.c
stratiform massive sul-plhid_e deposi ts which are associated-with felsic
volcanic rocks in the -Canadian Precamb:;ian Shield. The deposit i.s‘
mined by E¢stall M:.-rung, a subsidiary of Texasgulf Inc. , and is

located 16 miles noxrth of Timmins, Ontario (see Figure 6-1).

e
P
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The deposit is located at the western extremity of the Abitibi greenstone

belt. The geology‘éf the mine area' is éomﬁlex’ and is ir?completely

known. ‘Brief des cmptmns of the’ loca.l geology ha.ve been given by Pyke _

and Middleton (1970), Pye et al. (1972) and Matuhch et al. (1974).

R.ecently the nature of the ores and fhe.xr geologzcal setting’ havc been
S

dealt with more defmltwely by Wa_lker and Mannard (1974} and by Walker

et .a. {(1975).

A wide variety of rock types is exposed ‘in the immediate

vlcmzty;j the mine and mcludes&ﬂr/c\aa.n.:naflc, intermediate and felsic

volcani¢ rocksy ttlffa.ceous sedimentary rocks,and wltramafic and mafic

intrusions. These ro'cks have been regiona‘lly metamorphosed to the
g_reeﬁschist facies, and ha.\}e_been assigned an age of 2750 my on the
basis of U~Pb determinations in zircons By Kroghand Davis (1971). <

1. Local Geolo oy

. The massive sulphides which constitute the ore deposit are
gifuated concordant:l.y near the top o;' a r}-lyoliti.c volcaniclastic'pile. :
Approximately 60% of the pit area is underlain by felsic extrusive rocks |
which i.p.lclude rhyolitic tuffs, agglomeﬁ:ates and massivc rhyolite flows,
as well as chert and carbonaceous argillite. The massive-sulphfdes

which exhibit metal zoning.and banding occur in three forms, distinguish-

able on the basis of megascbpic téxture, and are distributed into five

distinct ore zones (Walker and Mannard, 1974). "

P SPLE SRR PP

s ke e i v at Apner e e e
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The locations of samples analysed for rhenium and osmium

are shown in Figure 6-8, and the analytical results are given in

Table 6-7.
Table 6-7 - J
Analytical Results: Kidd Creek
‘Material Ore Rhenium a Osmium - Os
(Sample No.) Zone* (ppb) " {ppb) . ?Re -
Pyrite 2 0.85 0. 06
(No. 7) | 0.85 .. 0.08 .

Av. 0.85%0.00 ppb Av. 0.07£0.01 ppb 0. 08

Chalcopyrite 3 0.12 : +0.09
(No. 1) To0.12 _ 0. 08 ,
0.12 Av. 0,08_=0.01_ppb 0.71
Av, 0.12%0. 00 ppb - , 3 -
Sphalerite 3 0. 06 ' 0. 033
(No. 2) : : 0. 062

# After Walker and Mannard (1974).
¥
N.B. Sample Descriptions in Appendix C.

Pl
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OTHER ANALYTICAL RESULTS S
_ ets

' Anaiy-tical resul‘ts'.for molybdenites from MOSZ producers

are given in Table 6-8. 'I‘r;le locations of these deposits are shown in

Figure 6-1. “

- Table 6-8
Rhenimﬁ_ Content of I\}iolybdenite' Concentrates
' from MOSZ Producers
Mine Location a Rhenium -
' ' (ppm)
Brenda Mine (H/S) B.C. | 63.4
Lornex Mine - B.C. ' 221
‘ 227
22423 ppm
Molybdenum Corp. of P.Q. 7 24.4 .
Canada o -
o ‘ .
Preissac Molybdenum S P.Q.. : 28.0
Preissac LaCorne - ' ' 26.2
Batholith(1)
Gaspé Copper - P.Q. ‘ ' 145
190
- 168+22 ppm
84

H/S = Hand specimen . 5

Refe:_rencé: (1} = Yokes (1963)



CHAPTER 7 o
\_ﬁISCUSSION

THE CURRENT FEASIBILITY OF DATING METALLIC MINERAL
DEPQOSITS BY THE RHENIUM OSMIUM MLTHOD Py

1. General Statement

In order to evaluate the feasibility of dating metallic ore

- deposits by the rhenium-osmium method, it is necessary to discuss
: : ; .

»
!

no : s . .
both the elemental abundances and the isotopic ratiés of rhenium and

e

. M - . .
osmium in terms of current techniques.” The rhenium and common
osmium abundances obtained in this work for metallic minerals

m a variety of ore deposits have been presented in Chapter 6.

These results‘have.“be.en used to obtain information on the isotop/ic_lcom-

of a number

-

position of rhenium and osmitim in the metallic

of Canadian ore deposits. “~These data h e been used'to definé model

rhenium-osmium isochrons which aré comparable to isochrons obtained

by the rubid(ium-stron.tiurn method. The st‘u'dy furnishes information

) . f
on the feasibility of rheniuxn-ojmiu:n dating of metallic deposits from

seven major mining camps. These deposits are representative of a wide

‘ variety of ore types,and are‘_located in arcas of widely different age and

geological setting.

. 132
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. g Assumptions

Calgxﬂation of the isotopic data and the subsequenfderivation
of £he modecl isochrons 7ha;re been based on the‘following assumptidns.
| It is assumed that all samplfas; in_cludilng 'bdth minerals
and whol; rocks have rémained_ closed systems with rresp'ect to i'henium

and osmium since théir cr);sta_llizaﬁon. If the :a.ge of the deposit is

. 18T ., 187_ -
known, the guantity of radiogenic Os derived’from its Re parent

can be calculated. Using the general law of rl'adioactive.decay, thg decay

of 18?Re at®ns may be written as

187 187 . -\t

" and

Os = 'Re (e™"-1) ‘ - ) (2)

The total l8?05 atoms in the sample.are given by

187 . 187 % 187

= +
Ost.otal O_s) Oscommon > (3)
7 : 87 At
- 18 Ostotal = 18—’roscmmmon +1 Refe - —A “
and SR
1870-s 187 5 187Re
total commaon now At
186 " 186 — * I (e - 1) (5)
Os Os Os )
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187
Os
total

Model Re~Os -isochrons defined by points with 186

as ordinates
Os

187
Re

186
180

and as abscissae Have been derived using equation (4) as ‘the.
8 - '
.. S 187 : , . .

basis for the calculation of ostotal' and are presented in Figures

7-1 and 7-6.

No rhenium or osmium isotopic ratios were measured in

. 7 - :
this work. 18 Ostotal in equation (4) was calculated on the following

assumptions:

(=) There is no inter-sample variation in the isotopic composition of

common osmium. Values of1.59% and 1. 64% were used for the

186

: . 187 .
isotopic abundance of Os and Os in common osmium

PN

respegﬁvely; and are based on the values given by Friedlander

S 187 -
et al. (1966). Therefore, the 18.606 and Os are given
eral _ T comman
by

L 186

. 186 _ Os{gmphxNxAtomic Abundance Os
(b} Atoms Qs = . " (6)
: N Atorrn_c Weight Os (gm)

.o 187

where N = Avogadro's Number and Atomic Abundance Os =

1.64%. :‘ o " ) ’

Similarly )

i 187 o Os(gmpiNxAtomic Ab.undancem?Os
Atorr?s Os comion Atomic Weight Os(gm) (7)

where atormic abundance l'8609. =1.59%. t
] . ALY
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In the calculation of the radiogenic osmium component

187 - |
Os*, equaton (4), it is assumed that o

. 7 .
(c) ) 187R - Re(gm}xNxAtomic Abundan(:e18 Re . -
® 7 Atomic Weight Re (gm) '

(8}

(d) t = age.of the deposit. -The—ngsolute-;&ge'of-the depositis-based .
on‘the radiometric.a-ge pf the enclosing -at.s'sociated ’
Irocksﬂ, aﬁd assumes age e‘q\.livalence. between these rocks and the
metallic deposit. Contemporaﬁeity betW®en the various metallic
_mi:nérals comprising the ore_c_leposilt is also assumed."

The ages used fér the metallic deposits are given in Table 7-1.

187 0 :
(e)  The half-life of 18 Re is taken as 4. 3x101 years (Hirt et al., 1963).

3. Sampie Calculatiogn

A sé.rnple ;:alculation for the determination of points with
ordinates of 18705t0t31/18605 and abscissae of 187Re/1'8605 which were
used to defiﬁe the model isochrons is gi\-ren,below.. A sample of massive
sulphide from the St?athcona Mine with aScontent of 34. 7 ppb rhenium
and 255.4.ppb common 'osmium is used in this example.

". The total J'8705 in the sample is given by équation (4._).

For t = 1. 844x109 years ‘(Krogh and Davis, 1974) and for a half-life for
187 i

Re = 4, 3x10-0 years (Hirt et al., 1963).
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:Ages Assigned to tAi% Equations (4) and (5)

Absolute age

Deposit (years) =tin Dating Reference
Equations (5) Method ‘
and (6) :
Adams Mine 2,358 £ 74 my Rb/Sr Fairbairn et al. (1965)
;ﬁ;g_m"nt 200 5 my K/Ar  White et al. {1967)
~ Rb/Sr  Christmas et al. (1969)
Granisle Gopper 51.2 % 2 my K/Ar Carter (1972)
Highland Valley 200 5 my K/Ar White et al. (1967)
Kidd Creek Mine 2,750 . U-Pb Krogh et al. (1971)
Strathcona Mine 1,844 = 3 my | U-Pb

Krogh and Davis (1974)

[ U S T
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At = 0.029718 , (e -1) = 0. 030164

C0s* = "87TRe [0. 030164)
From (8), 187, _ 255.4x10"9xo§(;2§3xN'
186. 2
| - 187Re = 86. 3050}(_;0_11_::1\1 atomns L
V-Substitutfa (10 in (9) ¥
~ -..18705* = 86.3050:d0-1'1xNx0.30164.
| . _1876‘5' = 260..343(19"_.-‘_.1-3:\:1\1 atorns“.

Measured. common osmium is 34.75 ppb, therefote from (6)

1865 . 34, 75510 xNxl. 59;d0"2
: ' 2190.2

> 18605 = 29. 046x10-13xN';itoms

Similarly, from (7)

187 34 75x10_?xle. 64x10™
comimon ) - 190.2
e 1875 = 29.959xNx10" 13
_ \ common , _
From (3) -
187 1 187

87
= £
Osto_tal Os™ 'Oscommon',

137

(9)

(10j'

(11} .

(12)

1)



138

Substitﬁting values from (11) and {13)

"

187 o -13 S ,
- Ostotal = 290.29x10 ""xN atoms {14 )
From (12) and (14)
187 ) .
Ostotal - 290. 29x10—13xN atoms
186, 29. 046x10-13xN atoms
. o ‘
187
Os
total
. =9.994 (15)
186
Qs -

Similarly from (10) and (12)

187

Re - 86.305x10"“xN atoms
186 29, 046x10-13xN atoms
Qs
187 . . : -
I%Re = 297.1 (16)
Os -

The values in (15) and (16) give the ordinate and abscissa
respecﬁvely\vf\a point used to define the model isochrons. -Data for
‘these points are summarised in Table 7-2.

87 -
The weight of ! Re in each sample given in Table 7-2 has

"been calculated directly from the weight of rhenium in the sample.

"

The values for the.atomic weights and atomic abundances are those
b
given by Friedlander et al. (1966). A similar approach was used to
| 87 : ) -
calculate the weight of 1 Os directly from the experimentally
common

determined weight of osmium.
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4. Nature.of the Data Used

The rhenium and common osmium abundances presented in
Chapter 6 for a variety of ore-forming minerals, including pyrite, |

pyrrhotite, chalcopyrite, bornite, sphalerite, molybdenite, and magne-

—

" tite, as well as several massive sulphide samples form the basis of ST T

the czalculations. The massive sulphinlle_s may be consid‘ered as the

Re-Os equivalent of Rb-Sr whole rock samples. df the cighteen points

used to dgfine th_e model i'sochrlons, eight are b.as.g:d, on samples analyzed

in repiicate for common osmium, and t;welve are based on samples zu.-xalyze'd

in replicate ‘for rhenium. The remainder are‘ba;sed on single analyses only.
‘No model isochron plot; has been‘madc for Heath Steele

because only maxima values were obtained for the common osmium c;)ntent

of this deposit. However, a maximurn‘ value of 0. 08 IAapb‘ common osmiurm

in Lornex.molybdenlite' has l.)een treated as an absolute value for ti’1e

p;urpose of the isochron calculations because it approxifnate the ;ralue

of common osmium in molybdenites from the Highn%ont and Valley Copper

‘ 7. 186 7
deposits. The atomic ratios for 18 Re/" Os and 18 Os .. /}’8605 cal-

total s

o

- - - --/
culated for metallic n}inerals frpom various deposits are given in Table

T-2.
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5. Some Deliberations o ?

g7’ _ .
- - The calculaped 1 '.Ostotal/mbos and 187'Re/18603 ratios

presented in Table 7-2 have been used to define points along model iso-

. chrons for their reSpec.:tive ore deposits. The intercept on the 187O

186 18705 /18603-, is of necessity the same for
common _ -

/ .

5
total

Os axis » given by
eéch.of the model iéochrons,ﬂ?igurg:s 7-1to 7-6). A line was fitted by

means of a simple lix_l'ear regression program and use of the HP 20-06
time-sharing .fa.cilities éf the McMas.ter Uniyersity Computer Centre.

The program, GRGPLT, written b.-f W.F. Sharpe (197;.).of the Stanford
Graduate School of Business, provides a plgt of the data points and the -

equation of the regression line.

The errors assigned to the points in Figures 7-1 to 7-6

, : 187 186
assume a 10% error in the determination of both the Os/ Os and

7 - '
18 Re/lsbos ratios. The 10% error in the 18709/18605 ratio is based

7

on the experimental work of Herr et al. (1967), who report that 10°

. . 187 . . < b
grams is the minimum amount of Os* (radiogenic) which is measur-

oo 87 186 .

| able mass spectrometrically by the Os/  Os ratio with an accuracy
—— ' 187 ‘
T~ ___0f10%. These authors report that the detection limit for Os* may be
] -8 R 190 . '
increased to 10 =~ grams by adopting the use of Os as a spike and

measuring the 18703/18608 ratio. The 10% error assigned to the

P b ) et e Sl o m T e B s T
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187 86 ‘ : '
Re/l Os ratios_ is based on the average experimental error which

Herr et al. (1961) obtained in their investigation of iron meteorites.
“The uncertainty associated with Re -Os age determinations,
) . - 187 _ . . ' : . . '
‘assuming sufficient Os* can be obtained for analysis, is given by the
slope of the limiting isochrons shown in Figures 7-1 to 7-5. In Table
7-3 the range in the Re-Os age"frdm the limiting isochrons, for 10%
| 187 186 187_ 186, 7 .

errors in each oflthe OstotaI/ Os and Re/

s ratios, is

compared with the radiometric age of the dgp6sit and with the range in

- ) . 87 186
"ages expected for an error of 15% in t Re/" "Os ratio and an error

87 186

1 . '
of 10% in the O Molybdenites from the Guichon

Batholith have not been treates’in this manner because of their great

distance from the oArigin Inset, .Figure_'?--fl-). The range in ages assigned'

to Granisle Copper assurnes Yegligible error for the bornite point.
i . .

Of the orebodies studied in this work oniy the molybdenites
I " } 1
. 187
from the Guichon Batholith have calculated abundances of Os¥* in

substantial excess of 10-8 grams (see Table 7-2}. Strathcona Mine,

7 - . .
with calculated 18 Ost tal values ranging from 5.43 ppb to 0. 54 ppb . <
o : ‘

s . . 187 . : : . . .
contains sufficient Os* to be measurable by current techniques in
—

mass spectrometry by th(nse of samples of up to 100 f;rarns, assuming
'»_“_\,‘ 3
100% yield in the extraction process. The remaining deposits, however,

1 -
! to 10 14 grams/

: 187 g -
in which the calculated Os* is in the range of’10
gram, must be considered beyond the scope of these methods, and there-

fore undatable by'the Re/0Os isochron method.
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- Table 7-3
_ Range in Ages Expected by Re-Os Method for Six
Metallic Deposits '
Deposit Radiometric Range in age expected —ml%?f-oslSG
or  Age (my) method {(my) by error in Re/  Os
Camp . BE Y i eof .
(a) £10% {(b) #15% -
Adams Mine 2,358 2,100 t0 2,480 | 2,085 %0 2,760
Craigmont 200 183 to . 221 180 to 247
_Granisle 51.2 37.6 to 65.6 37.6 to 65.6
Guichon Batholith .
6
(Cu-Fe Sulphides) 200 168 to 230 168 to 230
Kidd Creek 2,750. 2,510 to 3,100 | 2,410 to 3,320
Strathcona 1,844 1,660 t0 1,960 | 1,630t0 2,170




From Table 7-2 it can be seen that the; abundance level
of.rhenium in the metallic minerals of base metal ore dé_posits ié
. generally greatei‘ than the abundance ;Df commoz; osmium by a factor
..l';’anging from two or three to as rnych as 102. In the moiybdenites; of
the Guichon Batholith I;heniurn_is prese_ntﬂ in quantities which are in
excess of the-common osmiun;._content by_a. factar of 106. The resuits also
indicate that’rhenium ::aq be determined with ac;::eptable _errdr_s at the
level of 1 to 10 ppb and in some .instanc:les;. in the 0 1 to 1. 0 ppb range.
In this régard it.is of interest to note tHat Michel et al. (1972) used
neuti-on activation analysis ,! combined with extensive radiochemical
separat’xpns.. to determine simultaneously both the isotopic composition
‘ and the abunsla.nce of rhenium in lunar materials. The abundance of
rhgniﬁm in these samples is between 0.95 ppb and 1.4 ppb. Herr et al.
(1971) using the same prqcedure determined rhenium abundances in
lunar rocks inr.the range 0.03 to 0 09 ppb. Errors of less than 10%
for’ concentra‘tions-_of rhenium ranging from 0. 03.to 0.10 ppb and errors
less c%;in/s% for abundances ranging from 0.1 to 0.9 ppb rhenium are
cited b; these authors. Together with the results of this work, therefore,
these data indicate thé.t current techniques in -the field of neutron activa~-

tion are adequate for the determination of rhenium in the very small

quantities with which it occurs in metallic ore deposits.
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o _ . ‘ 7
However, the combination of the long half-life of 18 Re

' : : . . . 87 '
and the extremely small concentrations in-which ! Re generally occurs

in ore deposits, places severe.limitations on the applicability of the

]
by

rhenium-osmium method. A measure of these restrictions is‘afforded
by Figure 7-8 and by Table 7-4. F-‘igure 7-8 denotes the variation in the
amount of 12 Ogx gener#ted by different quantities of ::henium using
terrestrial ages rai‘zging from 50 my to 3, 000 my and using an age éf
4,500 my for meteorites. The diagram alsé provides a means of assess-
ing the.feasibility of applyi.'ng the Re-Os method toanore deposit 1.f two o.f
the @ee parameters are either known, or c#n be estimated.. A similar
ai:proach was usegby Riley (1967) to evaluate the potential.of the rhenium
" method to date soin_e Australian ores. However, his investigation was
restrictedy fdr the m}st part, to molybdeniteé with rheni@ contents

' 187

in the ppm range. The Os* abundances of more than 50% of these

samples was greater thanl gm/gm, ‘which is from four to five orders

187

of magnitude greater than tha calculated Os* content of the minerals

analysed from the base me deposits in this study. The lower limits
of 18705* in the r‘ema.ini-ng olybdenites studied by Riley (1967), is
about 5 ppb, which is roughly equivalent to the upper limits of the

18705* content of the Strathcona ores.

\

J L S
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Table 7-4

18

7 )
Os* Content of Metallic Deposits

Minimum Weight

Deposit or Calculated
Camp 187 | . gm (gm) to give 107° gm
Os*. 187 '
&m QOs*
. ! " o - 3 ’
Adams Mine 5xi0 Il'to 7x10 12 10 to 104
- Craigmont 7x10-“_ to 610”12 103 to 10
Granisle 6x10713 to 7310714 10° to 10°
Copper : : |
Guichon o 2520712 4 ax10”” 10t
Creek o .
Heath 1x10" 1 to 710713 102 t0 10°
Steele
Kidd Creek  2x10" !5 2x10712 10° to 10*
Strathcona 5:!:10-‘9 to 4x10-1,0' 10 tc)‘,102

154
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A
P, : . N 87 :
Table 7-4.indicates the range in concentration of Os™
calculated in the major ore-forming minerals, exclusive of molyb- -
denites, from seven Canadian ore deposits or mining camps. The
table also indicates the minimum weight of pure sample necessary to
L o : -8 187 :
attain the lower limit of detection of 10 = gm. Os* cited by Herr
ctal. (1967). Pre-analytical concentration of osmium on a sub-
+ stantial scale."involving the use of large quantities of starting material,
is obviously necessary to obtain & Os* in quantities sufficient for
isotopic determinations. For cxample, it is estimated that, in general,
chemical treatment of samples weighing from 1 to 10 kilograms, assum-
ing one hundred percent yield, is obligatory in order to provide the
- : . 187 . Lo ‘
minimum quantity of Os* requisite for mass spectrometry. In the
extreme case of bornite from Granisle Copper, a minimum of 1000 kgm
o -8 187 ' :
would be required to yield 10 = gm of Os*., With.the oxception of the
ﬁolybdgnites, Strathcona Mine is the only base metal deposit where
" relatively small samples, fro 0 to 100 gm, are estimated to contain
187 . - . : .
Os* in sufficient quantity for isotopic determination by current
techniques in mass spectrometry.
Howevor, treatment of large samples is not unknown Q
geochronological studies. .In the uranium-lead method, for example,

separation of zircons from samplos weighing up to 50 kilograms was

routine until Krogh (1971} introduced pfoccdures which enabled the



Frg

156

isotopic determination of nanogram quantities of lead in zircon samples

as .small as 2. 5x10-4 grﬁ.. . The sample weights cited as being n‘ecessa’ry'
for the isbtopic determination of gsznium, however, are the weighta of
pure, separated, mineral of whole rock réquired f.o'r chcrriica.l treatment.
The large samples ;-gquircd, which are onerous in their own right,
become even more 80 if a.lkgliﬁe fusion is uged for tl_je dissolution of the
samplés. Diréct distillation of osmium using stroﬁg oxidizing acids,
such @8 nitric ;tcid or perchloric acid, is an obvious alternative‘_for
me‘thilic minerals soluble in these acids. -

A more fruitful approach Wou.ld probably be to develop
tcchniqﬁes with increased scnsitivity which'arp capable of analysing
extremely small quantities of osmium. =~ For cxamj:lc, vthe methods

developed by Krogh (1971) for U-Pb determinations of zircons, Investiga -

!

‘tions along these lires have already been initiated. For example, Chung

afr&:l Beamish (1968\5’ 1n an attempt to derive a methoa for the quantitafivo
dist;'.lla.tion of na;'lo;;;;.m quantitics of osmium directly from ores, cifected
the quantitative, c#rrier-frce. d_istillation of microgram quantitics of "
c;arniu.m from a 12N sulphuric acid - BO%Ihydr'ogcn peroxide solut}on
at105°¢, hlsignificani'quantitiexs of ruthenium were distilled under these
conaitioria.‘ Thé volatility 9’[ osmium tetroxide, ‘whi‘ch readily affords

an efficlent mothod of separating osmium l.from a large number of elements,

can theroforo be used as a soparate technique even when the osmium is

present in very limited quantities.
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Neutron activation techniques for t}.u: determination of osmium
Vabunda.nccs have been dqvclop_ed to the -stz_tge whcre..concentrations m the
f;ub-nanogram‘ra.nge can be determined with acc_ept?.ble errors in accﬁfacy
and ‘precision. Lovering and Butterfield (1970} and Lo*_.reifing and Hﬁghéa
(19?1); for example, measured low osmium concentrations in lunar
materials bﬁ: neutron a‘ctivation ané.lysis. In the latter work reproduci-
bility bethen replicate samples agreed within 7 to 10% at the 0.1

to 0.9 ppb‘ level. For the rﬁajority of the ore deposits analysed in this

work the common osmium content is of the 01;.d,er of thll gms/gm.
Ad;litional refinements in tcchniqueﬂ. will therefore be hecessary to- '
cnable thos.o quantities to be measured with the requii‘ed'accura cy ‘o‘n a
routine basis,

" The rﬁ;\.jor analytical p;rtlablerri confronting the r_henium—-r
o'snlqi.um method at the present.time, however, is the detcrmina.tiqn
_of the isotopic co'mpo_sitior-l of osmium for the extremely small concen-
fr’gtioqs in which osmium is lprcsei,'lt in metz;llic ore deposits. In
addition to determinations by mass spectrometry,. the isotopic abundance
of 8708 can also be determined by neutron activation a;xalysis. Thg.
method, devclopcdrby Herr aﬁd Merz (1:95_5), is dcpendéntﬁupon the fact
that ;)nly three of t_hc seven naturally-occufring isotopes of osmium,

namely 18403. 1_9 OOB and 19203. form radioactive isotopes when irradiated
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‘with thermal neutronsl‘. The remaining four isotopes, with méss
numberg 186, 187, 188 and ~189. merely form mor.e stable .nuclei when
irradiated under these conditions. 18 Os is the only one of these four .
‘isot-opes whose isotopic.abundahce has a radiqge'nic éompo.nent. 'Theré-

- : , : :
fore, a sample with a higher 18] Os* (radiogenic) content will have a ,

lower specific activity after thermal neutron activation than a reference

sample of isotopically 'normal osmium'. The iowcring of specific
187 oo 0 \ L
activity is proportional to the Os* in the sample. .The lower limit

of detection for 18705* by this method is given as 2 micrograms by

Herr and Merz (1955) who used this method to obtain an age of 2. 'i':;s-.lO9

£

years for a molybdenite from Lofoten, Norway, with a rhcniumrco”nteht

o'f 509 ppm.and a 18703* content of 7. 75 ppm.

In spifc lof the 1qw‘ clonccntrations in which rhénium and
osmium genera‘lly occur in ore deposits, howcv‘el‘l', the fagults for the
metallic milixera.la analysed in this study inaihcafe ‘that:i'ntra.cle osit dif-

. ferences b.et‘wé'e'n éorﬁmon osmium-rhenium ratios are generally favour-
: able to the application of the Re-Os mqtho_d. Intradeposit variation

between maximum and minimum values of the common osmium-rhenium

ratio, range from a fa@)r\of 2.8 (Strathcona M‘ine'_):' to in excesas of

L]
. [

3. 2:-:105_J for the Guichon Creeck Batholith (seé -Table,'?-S). The large )
‘factor for the Guichon Creek Batholith i‘;ih.j"due to the high rhenium cont(.:nt
. 3

of the molybdenites and their low common osmium content. The intra-

deposit range in common osmium-~rhenium ratios is also roflected by the



., Table 7-5

Intradeposit Variation of Common Osmium:Rhenium Ratios -

Deposit . Os Intradeposit
- Mineral common _ R .
or Camp T Re R . _maximum
y minimum
Adams Mine ' Magnetj.te 8.4 | , 140
Pyrite 0. 06 :
' e . -3
Craigmont Pyrite 3x10_3 :
B : -Chalcopyrite 3x1 0_2 ‘ ‘ : 13
™ Magnetite 4x10 -
i 0. 04 X
Granisle . Chalcopyrite 0. 0b 40
Copper Bornite < 2.43 :
. Guichon Creek Molybdenite £3.1x10
Batholith {Lornex) |
Bornite = 5
(Bethlehem .0.10 . 3.2x10
Copper) '
Chal.c:opy::u'lte 0. 1:0*--,'1.-'
(Alwin Mine) 18 .
-~ Heath Stecle“ Massive '
_Sulphides $0. 01
(A4049) - _
f Mapsivc < ) ‘
‘Sulphides S0.16
* (A4093) o , A ;
. Sphalerite 20,15 : T, '
) Chalcopyrite ©%0,10
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Table 7-5 (continued) j

, In si
Deposit . Os tr.a.deposlt
_ Mineral common R .
or Camp . _ - =R maximum
- L ‘ minimum
y Kidd Creek Pyrite 0.08 |
: I °  Chalcopyrite o 0.70 a 9.
Sphalerite | 1 0.'80 ,
Strathcona " Pyrrhotite 0.12
' \ Chalcopyrite 0.34 2.8
.Massive banded. 0.13
- “ sulphide :
. L
> i
L)
g b |
. -0 e
£ & -
. - \ ]
- ’ l
d o &
d - . - 2
. i — .
r A4 ‘ »
/ N . —\\
" E‘ .. . ', % ! - J L l./) [l
- o
N :

LY
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"~
~

points defining the model isoghrons {(Figurés 7-1 to 7-6). Theoretical-

Ly, resolution of jhese points from one another is possible, even.admit-

~ b
Al

ting the large errors assig:;ed to them. In practice, however, deter-
minaﬁon qf the relevant isotopic ratios of rhenium and osmium is
limited to the minefals of relativély few deposits such as the molyb-
dénites of the Guichon Creek Batholith and sul_-phides from Strathcona
Mine. At the Stratflcona Mine where rhenium é.ﬁd osmium concentra-
tions are relétivély high, the ratio of maximum to minimum values
for the common osmium to rhenium ratio is one of the smallest values

(see Table 7-5)}.

. 7 :
The large spread of 18 Ostotal/186os and 187Re/18605

ratios expected for metallic ore deposits contrast strongly with the

narrow range for these ratios in iron meteorites (compare Figures

7-1 to 7-6 with 7:7). This is a resuit of the greater fractionation be -

tween rhenium and osmium in terrestrial materials, compared with
their distribution in iron meteorites, where, in spite of large elesnental

abundances Os/Re ratios are relatively constant (see Table 5-14). '

86 y 87 .
A summary_ofﬁlSTOstotall_l Os and ! Re/lS\G_Os ratios

for the metallic minerals analysed.in this work is presented in Table

. 7= Median values have been chosen as being representative of the<

o

’

various minerals because of the large variations in these ratios which
' N

occur in some minerals. - .

G
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Table 7-6
18'7'Ostot /18605 and lS_TRe1186Os in Some Metallic
RN ) Minerals '
. 187 — 186 . 187_ -,186
Mineral N : " Ostota.ll- Os Re/ Os
' Range ‘Median Range " Median
Bornite 3 1.14-2.57 . 1.16 34.7 - 477. 160.
Chalcopyrite 5 1.61 - 33.2  ° 3.33  50.7 - 9970. 397.
Magnetite 2 - 1.21 -4.19 2,70 4.65-978. - 491.
Massive > 10.6-16.7 13.7 ' 290. - 2700 1495
Sulp_h_ides = ' : :
L ' 4 5 : 7 T
Molybdenite 3 9.04x10_ - ©1.69x10 2.80 - 6.73x10 5.25x10
: 5 .
' 2.17x10
. . ) . . . ‘ ’ 4
Pyrite .4 1.40 - 48.9 24,9 . 451 - 1.49x10° 538
S wan

Note: N= Number of samples.

.The large ratios for fnolybdcnitcs, which result from their
high rhenium contént, are readily apparent {rom Table 7-6. A:T;
examination of the limited data in this table and Figures 7-1 and 7-2
suggests that magnetites may be useful for deﬁning points near the
187 186 i ' . : -
'ostotalf Os axis when attempting.to use the isochron method in -
Thenium-osmiumsrchronology. Pyrite shows a wide range of values fgr \

the deposits aralysed, and in view of its ubiquity should probably be

RS

" included in any rhenium-osmium geo'chro_nologi'cal study. Massive sul-

B
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phides, that is "whole rock sulphide-sf a;rg-pf iIrj.port.f;ince torrhenit'lm'- |
osmi';.xm geochronology for the same reasons that whole rock .samples

are to the rubidium&strontiym method. At the presént stage in rhenéum—--

- osmium \;vork, howeverd, analysis of massive sulphides has the additional |,
potential of leading to either the discovery of new m;‘uierals_ or concen-
trator minerals of osmiurﬁ and rhenium, or .to the iden_tiﬁc‘ation'of

Jninegals pr'_e'w:.ously_not reported. =

6. The Suitability of Various O_re 'I‘Y“pg:s to Re~-0Os Geochronology
Mo.lybderﬁte—be.a.ring metallic deposits wi_th direct igneous
affiliaHions .::Lr'e parti.cularly amenable to dating by the rhenium*osm‘ium
.method. Examples in this class are numerous la.n..c-i-inc.lud-e rr;olybdenite- '
bearing pegmatites and quartz- veins, molybdenite-wolframite lgreiser_xs
as We].i as con_t)é.ct mgatasomaﬁ.c deposits and skarn deposits containing
molybdenite. . léo i:ncluded in this group are certain types of pox.'phyry
depos.ilts, such as\ﬁz .pm_:pﬁyry molybdenums, molybdénitc—.bearing
porphy;_’y copper deposits and moiybdenite—bearing porphyry tungsten
deposits‘. ‘ | ) K
F‘Lxrthez;, on the%a].sis'of this study, it is suggested that the
nickel copper sulphide ores, such as are bei-_ng mined at Strathcona
Mine, are amenable to rhenium-osmium geochronology- 'I'h'i.s is p rti-
culéxrly significant in view of the importance of ores of the nickel-coppef-—

platinum group metal class which are associated with mafic and ultra-
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o

mafic rock’s. Another tyi)e of copper ore which appears to be suitable

for the application of the :rhenim"n—osrﬁiuzn method occurs at Messina,’
Transvaal, Soutﬁ Africa, where plati.nuth group rﬁingrals alre'associa.t'ed
with lcop'per iron éulphides ascribed a hﬁrothermal origin by Mihalik
g_g'a._l. (1974). _Of pariticular inte'rést in this deposit is the occurr’;mlce

of abundant claustl;laiite, a known concentrator mineral of rhenium, which
oc.c-urs as a seam 8cm wide associated with chalcociée and bornite. - The
age of the sulphide mineralisation, determined by the Pb/J:’b method, is
at least 2, 209 my (P.G: Coomer, pe1_'s.o‘lna1‘ communication, 1975).

 In attempting to_é.ssess the applicability of the rhenium-

.osmium method to primary platinum deposits, however, the situation

is confused by two appareunftly .op_p‘os-ing. trends. Mineralogical evidence,
for example the association of rhenium with chroAmitc, and—with iridium
and osmium in detrital osmiridium in congiomerates of thé Witwatersrand
(cf. Chapter 5), suggests that primary platinum deposits warrant in-
vestigation for their poténtial application to the rhenium-osmium method.
However, surveys of'#bundance data suggest that Fhere is a.n inverse
correlation between osmi’um_van-d rhenium abundances in rocks and t};atj
rhenium abundances are low in ultramafic rocks., Consequently, one

might predict relatively high, possibly unfavourably igh, osmium: .

rhenium ratios in primary platinum deposits with chromite affiliations.
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How::ver, cofnm&n osmium:x:hcriium, ratios,rﬂay be acccptal?le for
" rmuch older deposits, by virtue of thella.rge‘x" ‘quantities of 18705* :
generated in the older deposits.
Other ores with :'!.'gneous affiliations for which datihg by
the rhenium-osmium méthod may be feasible include beryllium, yttrium, _
%hafniun‘l and zirconitﬁn-bearing granite peg.rr}atit?(s/.—; -Also, the results .
from the Adams Mine suggest that cértai_n volcaglogehic_irori ores,
particularly those as‘so.&‘;iated with alkali basalts, should bé investigated
in order to evalua,tg more fully their suitability to direct dating by the |

3

rhenium-gsmium method.

5w g

Sedimentary'ores whiéh may have a role in rhenium-—osrimium
geochronology include cupriferous sandstones qf f.he Dzhezkazgan clas’s,
as well as c,;0pper ores 'ass'ociated__with bituminous ghales, a8 for example,
' tl.xe White Pine Mine, in Miéhigah. U.S.A. Simila;;.'ly'. stu.dies of uranium-
copper'-vanadfi?ah-.-ores of the Coloradc; Pléteau which are known to have high
concentrations of rhenium, are worthy of further investigation.
On the basis of this sltudy, it appears that several types
) of ore deposits are unfavourable to the R'c—Os:method by virtue of the low
rhenium and osmium abundances in their principal m'e;tallic minerals.
They are: -(1) s‘tratabound sulphide.s of volcanogenic 6ri gin, (2) p;rphyry

copper deposits la‘::‘idrgg, or containing trace amounts of molybdenite,

1

{3) base metal contact me%ﬁc\g\eposits.
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In‘(l), exemplified by Heath Steele and Kidd Creek, the
principal n%étallic minerals, c.ha.lc'opy-ritc, pyrite and sphalerite, are
.characterised by extremely low abundances qf both rheniurﬁ aAnd osmium.
lf these results are representative, j.t is lillccly.tha.t the only #o_ssibility
for the épplication of Re-Os geochronology to this class of déposit is
‘the presence of rﬁenium-carrier rﬁhmra@ls in the minor metallic mineral
assemblage. ‘

Minerals such as clausthalite (Pb Se}and naumm;nite
(Agz Se), which occur in volcanbgenic s‘t]:':—sxta.boum:lT massive su.l\phid?
déposits, af'e of potential importance to.the Re-0Os method iﬁ this h_c/‘
regard. 'CJIausth;xlite, which occurs in the uranium-vanadium dcposits:

. of the Colorado Plateau, has also been'réport;:d .frc;m thf_- ores of Kidd
Creek (Walker and Mannard, 1974) and Rio Tinto (Roberts ct al., 1974).
Howe.ver, although there are no data on the rhexﬁ.u;n content of naummanite,
it is also conside-rled to be a potentially significant mi.évéral in Re-Os
chronology becguse of its ass'xc;cia.tion wiﬂm clausthalite in the Harz
Mountains, Germany (Roberts et al., 1974), and because of the pos:’itive |
correlation between rhenium and selenium in sox;ne molybdenites,. It

is interesting' to note, therefore, that in addition to clausthalite at Kidd
Creek, 4 modal percent naummanite has been reported in a polished
section from thﬂese ores by Tepedino (1969). _Further. at Hea}h Steele,

3.17 ppb rhenium occurs in an unidentified carrier-mineral in massive
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siﬂph.id‘,es {No. 4049) which assay 7.56 oz. silver/ton. Enrichment of
rhenium arﬁong the minor mineral suite of this class of ore dcposit is
further suggested by the prescnce of molybdenum in the Kuroko ores,

where it occurs in sufficient quantity to be manifest as molybdenite

(D::i:". Ta:.keo-Sato, personal communication, 1975).

Obviously, considerably more data are necessary before

a more complete evaluation can be made of The applicability of the

Re-Os method to volcanogenic stratabound massive sulphide deposits.

“

In (2), Granisle Copper is the only deposit characteristic

-

of this class of porphyry copper ore analysed in this work. The low

abundance of}hmﬂ’ze major metallic minerals of Granisle

‘Copper combined with the relatively young age of the deposit (51.2 my,

. . 7 o
see Table 7-1), result in the lowest 18 Os* calculated in this work, viz.

- S | - ‘
0 13 to 10 4 gm/gm. The rheniumn content of the molybdenite which

1
occurs in minor quantities at Granisle Copper is not known, but the

extremely low 1-3703* abundances, combined with the low common osmium

" contents in the principal metallic minerals, do not favour application of

: @ |
the Re-Os isochron method to this class of ore deposit.

r

In {3), at Craigmont Mine, the three major metallic minerals,
chalcopyrite, magnetite and pyrite, are slightly enriched in rhenium
(2 to 37 ppb), compared with the rhenium content of the common metal-

o

lic minerals comprising the deposits of the previous two classes.
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1 ' .12 - gf/\
! to 7.8x10 l ) genérated

- However, -th-c quantitigs of 18705‘5' (7.9;{10-
in 200x106 ycars, are suﬁicicntlg.f small as to place tl}is; and similar

but younger deposits,beyond th-c. ‘ct;u‘rcnt sco ptrs‘of the Re-0s method.

Very rmuch older deposits éf the brasc meotal contact metasomatic class,
which are associatc'd with the l;nargi'ns of ig‘ncous rocks withllknown rhmili.urh
affilia'tic')n‘s, may, if suitably enriched in rhenium, be arﬁcnablc to direct
dating by the rhen@um—osmiurﬂ isochron metﬁod.

7. Asséssrﬁent of the Half-Life of~187Re

In spite of the inaccuracies built into the currently accepted

. .. 187 . 10 .
value for the half-life of Re, the figure of 4.3+0.5x10" ~ years, which
was determined by the geological method, is gons\xci(:rcd to be a reason-
able approximation for the following reasons’ The age of iron and .
stone meteorites given by the rhenfum-osmium method as 4 to-5 billion

t al., 1961), is in rcasonable agrcement with the age of

_years (Horr
4.5 to 4.7 billion ygzi.rs given by the rubidium-strontium method

(Faure and Powell, 1972). Also, Herr gggl (op. cit.) obtained x
apparent r'heniumr-osmium age of 3080+70 million years for moiybdcnitc
from granulite fa(;-ies metamorphic ro(':ks."'in the Fiskenaesset arca of

\ southwest Greenland. | The grax;ulité m-ctamorphic evont in- this aroea

has subsequently been dated at 2,800-2,900 _m‘illion years by the lead .
method, and 304 0+50 million ycar‘é By-tho rubidium-pt;’ontium whole

rock isbchron _fncthod (Pankhurst et al., 1973). Further, molybdenite

u
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from the Shap Granite, En‘g-;lzmd. gave an ago of 4'30:!:20_\million years
by the rhcnium;osmium me thod, aﬁd the age of the granite has been
determined by the rubidium-strontium mothoed as 38 0£19 million yeara
(Herr et al., 1967). | |

However, tbe hz-xlf-lifc of 187Rc can, u.ﬁdoubtcdly, be rofined.
In view of the vcr;r low cricfgy- of the p~ docay of 187Re‘.. the gco‘logical'
mcthc;d, lil:‘wolving use ofthe isochron todhniquo, wouid obvioual‘y prosent
the rﬁost satisfactory approach. So.w;ral dcpoaitﬂ, or types of dcposit;

warrant consideration in any cxpcrimcnts aimcd at roefining thc ha.lf lifo

ﬂﬁ!' 187

of - Re. Those most worthy of attention are tho Ni-Cu ores of tho
Sudbury arca whcr.e. ag cxomplificd by thu rosulty £1om Straf:hcona. Mine,
the applxcablhty of the rhonium-osmium mothod is currontly fcnniblc.

and where tha a:.ge of the @ritc is Ihow woll ootablished {(Krogh and Davis.
1974; .G~i‘bbins and MéNutt (in press)). | In thiﬂrcqntcxt' tho azfsociaﬁi!on
between rhenium and solenium in somo molybdonitos (Iv:‘mo'v.. et al., 1972),
Buggc;stq that a study of the distribution of rhonium and sclonium in tho
Sudb'ury ores is warrantod. "I_‘h_ia by prﬁlrticulallly 80 in vi(;w ;>f tho charac-
teristic of selenium tc; combin‘o with hoavy clemonts, and the fact that no
scloenium minerals occur at Sudbury éHawlcy', 1962). Instead, secleonium
substitutes for sulphur in the sulphidc minerals whoro it occurs, in

increasing ordor of abundanco, Vin pyrrhotite, pontlandite and chalcopyrite

(Ha@lcy, 1962). Therefore, by catablishing the rclntionehip.bctwccn rhonium

.
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and selenium in the uulphidc._mihurnls, the selenjum content of the orcu.A
which is infinitely better known than that of rhgrﬁum. could i)c uscd ae-;r a ]
guide for Re-Os gcochronological studies of those dopositc;.

A seccond type of 'de'po:ii;t-tolbé taken into account 'nrc_ﬂw .
rhenium-rich uraniumj—coppcr;vanadiﬁm_,dcpéaits of the Colo’ra.do 'Platc.au :
(discussod in.Chaptcr 5). Thc.c‘lcpoaits rango in agce ffom Carboniforous

to 'Il‘crtiary (St:dln‘tory, 1972), nnd.arc of pa?ticular intercst bocausce they
afford the oi:portunity of oﬂtablishing the age of the rhcn‘iuml;-bcaring
ma..tcria;l dircctly by anot‘hor radiomotric m‘“(‘:thod. |

Thirdly, in ‘tho Fiskenacssot arca of aoutlecut.Gz;ccnlarid

" where a rr-xctamo.-rphic ago of about 3.0 biliioxt yeaxrs has boon clxgstabliuhod,‘
rhenium-rich molybdoenite 1s assoclatod with a chromito-b.cufin.g compl;:x..
Tht; grcat agc‘ of this arca could be si;,nific.mt in torms . of rhenium-onmium

gcochronology, particularly in- tho. light of thc gonoral p'xucity of1 Oa%

©in mctallic dcpositﬂ indicated by thin study.

THE .RHE.NIUM AND COMMON OSMIUM CONTEN'T OF THE ORES

1. Genoral Statomont

With tho exception of molybdenites in.tho cano of rhenium,

and the Sudbury ores in tho casc of o-nmium(l), gonorally only.very lqw‘;’"

(1) unleso othorwise stated in t'hia soction, tho torm "ourriium” refers to
common osrnium. N



171

rhenium and osmium abundances were found in the common metallic

minerals of the ores studied. About half of the rhenium abundances

et

aro in the 0.1 to 0.9 ppb range {Tables 6-1.to 6-7).; This is about
throe orders of'magnitude less than the average values of rhenium for
common coppur»iron sulphide minorals from a variety of ores cited in

the Russian literature. Abundances for rhenium determined colori-
t . - .
mutrlcally in tens of pyrites, chalcopyritcs and bornit(.s are givcn by

Ivanov et al. {1972}, and are presentoed in Table 7 7.
\

)

. : \A/
- Table 7-7

. / ) "
Rhenium in Copper -Iron Sulphides of the USSR
A{After Ivanov et al., 1972)

Minoral - | ' l;Iumbc;- of Analyscs. thnium (ppIm)
prrnit;_:ﬁ ) o 65 .; - 45.
Chalc':opyritc. o 62 E : -_ 0. 86
Galena | _ : ' | . ,' | ) 0.2
Isyritc : ’ ‘ ' 60~ ' 0.3

. ) .
Pyrrhotite | ' ) | - 0.15

Sphalerite . " . 0. 05
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The bulk of th(.: rhenium results obtained here az"_c also less,
by one order. of -rr-xa.gnitude. than the lowest mean value determined by
- ‘Morgan et al. (1968) in commox-ﬂ. Austra._lféﬁ s;.‘x-l.phid'c minerals by ncutron
activation analysis. Sin_qult.ancous determination of common osmium iﬁ

those minerals yiclded abundances described by Morgan et al. (1968) as,

/

'vanishingly small’.. This characteristic is also a feature of the osmium -

content of several Canadian ore deposits. For oxample, th¢ majority
of tho .cor.nmon osmium abundances obtained in this study are in the 0, O}
to 0. 09 ppb range, .two orders ‘of ma.gnituric less than lowest mean value

-

determined by Morgan et al. (1968).

2. Contact.Mdtaaomz\tic and Volcann;‘;cni'c I;/Iaﬂsivc Sulphides

Osmium abundancos in. the oro samples from Heath S_tc':clé.
and Kidd Crock woro among -_thc lc;\';rcat encountéred. At Kidd Crcck‘
t‘hroc_rminoral scparatcé have an avurdgc osmium F:cntcnt of 0. 07 ppb,
which in fsimilnr to the comium cont‘_ont of tholoiitic basalt, BCR-1

(Table 5-9). At Heath Stecle osn}'ium values arc‘: cxccptio'nally lo_w.

Throe samples have a maximum osmium contont ranging from’ -70,03 ~-

“to - 0.05 'ppb' The higheat valuo is 0.12 ppb The vory low é..onc;mtra.-
'ﬁonn of oarﬁium in the u;/Des from Heath ,Steclc aro consiatcnt w;.th
the results of Moercer nnﬁ\C;/oékct (1972), who noted a si‘gniﬂcunt de-
plotion of pallfndiur'n in tho B-1 orcbody rolp.tive to both the country rocks

and to average crustal rocks.
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_in the-various oros.

In addition to their low osmiurh' abundahccs. the Heafh Steele

otres also '-ha_ve low Os/Re ratios. Comparisons with Os/Re ratios of .

 crustal rocks are hampered by the paucity of the data {two ratios only).
However, at Heath Steele Os/Re ratios appear to be slightly lower than

‘in felsic igneous and méta.morphié. rocks (Tables 5-9 and 6-2), aﬁd

arc lower than a shale from Australia: by a factor of at least 890,

A_lso. t?é deplotion of olarmium relative to rhenium in one
. | ) ' [ ! . ) .
of two massive sulphides from=Heath Steele is less by a factor of:at

least 13 compared to the Oa/Re ratio of massive sulphide from the Maif ‘

Ore Zone at Strathcona.  The condparipbn with Strathcona is particularly

apt in view of tho rria.gma;tic nature of the Sudbury ores, and their intimate,

assocmt.wn with maﬁc sub-layer rocks of the Irruptivc (Souch etal., 1969)

A
- =

These rocks cont.'lin ultramafic mclusmns (Naldrett and Kullerud 1967

__Cowa.n. 1968) and arec as cribe'd a mantle origin (Naldrett et al,, 1972).

Although the quartz-rich natlé;e of the Irruptive and the relat:.vely' h1gh

initial 8731‘/ Sr (0. 7063) of the norite (Gibbina, &973) are evidence a.ga.lnst

a Blmplc mantle source for the: Irruptlvc. the massive. sulphide at
Strathcoha‘ is the most primitive® of the ores examined. and ha.s thero- ,

forec been Gsed as a basis of reference in comparing Os~Re fractionation

5

<

b

Comparison of the degree of fractionation is made with metcorites

: ‘ . “ B 7
‘where unfractionated Os/Re is takonias ~ 11 (Table 5-14). ’Or'es and other

samples aro compared against this base.

173
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Thellowest Os/Rc ratios encountercd :m this study, with the
.cxception- of those of the mol}bdenitcs. are values of 0. 063 in chalco~
pyrite and pyrlte from @raigmont Mine (Table 6-5). These ratios ar-é
consxdered to be a direct reflection of the 1nf1uence of rhenium-bearing
fluids derived from the _Guichon Creeck Batholith. This view tcnds to be
supported by the fa.‘c.:t that the Craigmont n."xctasomatic deposits arce
genetica;lly fcélatcd‘ tc; the €iuichon Creck Batholith (Christmas ct al.,
1969 ). \ _ | '

3. Porphyry Cu and Porphyry Mo Deposits

>
-~

At Granisle Copper there is a paucity of molybdenite and
rAenium deplctcci in the principal metallic minerals.. This suggests .
that’rEE)_l_‘,arbdenmn—dcficicnt porphyry coppexr deposits nrc- also deficient
in rhenium. This ];.S tt;.. be expected in view of the geochemical coherence
between rhenium and molybdenum, but is in contrast to the situation at
Craigmont. Mine whc.re there is no molybdenite and the prineipal mectallic
minerals arc slightly‘en.richcd in rheniurﬁ (Tn‘blc 7-2).

In an attempt to evaluate the role of mblybdgpitc in the
distribution of rhenium, Os—/Re ratios have been calculatcld olybdenite .
concentrate and a ‘'typical'' porphyry copper deposif from the ichon
Batholith. Data used for the calcuiation ;)f the Os/Re ratio for the
"typical'' ‘porphyry copper deposit from the Highla.nd Valley are given

_in Table 7-8.
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Table 7-8
' Data for Calculation of Os/Re
' Ratio of a Typical Highland Valley Porphyry Copper Deposit
Re Qs 3§ Source
(ppb) (ppb) -
Chalcopyrite (3/S) - 1.95 - 0.19 - Table 6-4
{Alwin Mine) = ‘ : '
Bornite (H/S) ; 0,76 S 0.06 "
(Bethlehem) .
: (ppm) (ppb)
MoS, (conc_:cntra.tc) 567 0. 08 | "
{Lornex}
Valley Copper (H/S) 293 0.19 "
: Av. 275 Av. 0.135
+ Total Lornex Cu Metal (tpns-) 12.5 x 105 o )- . . | Cnnadinh Mines
4 ) Handbook 1974
Total Loornex Mo Metal (tons)4.102x10 )

" Bornite/Chalcopyrite = 4/1

H/S = Hand Specimen



\_

Y

. -I ' _ : y ‘ 176
Os=/Re ratios 0f5 90.\'10-5 ‘im'd -I.91x710-‘7 \\"ero'x;al_ctq;\t:;d

I\or lthe ”tlyp‘it:\fxl." prophy_ry c.o'p,pof dopc;sit and mdlybdcnitu.‘“rcsp'o.ctivély.

suggésting{tlm\t\thq maolybdenite at:;uct\'lro reaulta in an o.-nrichnmnt of

‘rhenium with respect to oémium by a factor of 120 relative to ‘t.hu digtri-

b:.tioﬁ of these elcmé’xité in the dcposit as a wholé. AlSo, the fractionation

of ocsmium :mzl rhenium in tﬁc deposit as a whole is very stron‘g, being

2,200 times as gree’ as Os-Re fractionation at Strathcona.

The curichment of rhenium in the molybdenites of porphyry
Cu-Mo deposits compared with its abundance in molybdenites from

A} - . "
porphyry Mo ores is well illustrated in Table 7-9, and agrees with the

¥

r'osullss'of Giles and Schilling {1972). .Contrary 16 _thﬁei-r views, the bulk.
rhenium contcnt' of'molyl;dcnites from pprphy:ﬁ‘y C&_(iy\int)m_-es'a:pp.curs to
be sigrfifi’éantly 'grentcr than that Q'f molybdenites ‘}rom Par'phyry Mo -
deposits, This suggests a genetic difft.:rencm bot\vc(wn".thc t\y'o gro‘ups
in which copper plays an essential role. Po‘ssibly,}lﬁ the orc—formi:g
solutio.ns a copper éomplcx_ cx'ist‘s which also pfcferuntially éomplc.\:cs
rhenium, but which breaks down at th;z- site of mctal deposition, thereby

cm:ibling rhenium to enter the molybdenito structure (Giles and Schilling,

1972). \ | | .
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‘the deposits of the Pi‘ciss:\c LaCorne Batholith, all the dnpos-i

. P S A §
g & o | s :
The rhenium contents and geological characteristics of

n

somie Ghnagian molybdenite ores are given in Table 7-10. The complexity -

of the porpliyry intrusives is based on §\1t.hél‘l(\nd;BI‘O\\‘II'S {(1969) cddssifica~

) ’ a L) e
tion. In order to minimise intradeposit variations, MoSa concentrates

were analysed where possible. With the exception of Gaé;p:: Copper and

sampled
are in thc'h;;td wontane Belt of- the Gor-d_illo.r:\. The only pattd rn dis goArncd '
in thc_doist:fibut'ion of these depbsits' is a m;rltl‘\we'st trending liney
joining the three porphyV/l;mlybdenﬁr'n dcpo‘sit§ - éoss 1\'10}1!\&\‘1
Endako dnd B. C. ;\-Idlyb‘aenunl(see Figure 6-1).

The lmli{ted_clnt.m‘ and intfadeposit v:'\ri:\tions'inl the rhenium
content of molybdenites not withstanding, Tables 7-9 and 7-10 indicate
generally low rhenium contents for 11101ybdcnitc:s_6f .S\;therland-Brown's
pl‘:ltODiC porphyry class, e. g.; Brenda and Endako i\‘lincs in B.C., as well.

as Molybdenum Corporation and Preissac Molybdenum in Quebec, which’

arce considered 'by Sawkins {1972} to represent:root mones of porphyry

deposits. Three of these deposits are copper-poor, and two, the ores

of the Preissac LaCorne Batholith, are associated with bismuth. At

Brenda Mine, where molybdenum is associated with copper, the rhenium

" content appears to be higher than in other plutonic molybdenites. This

-
e}

suggests that for the copper-deficient plutonic ores, molybdenite may have-
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cryls'tallisedf_,fz:om fhenihm—ifnpoverishcd fluids.. However, C-}iles'and"
Schilling (1972) have tentatively sug:gest_ed‘ that at Bingham thé.re is a
decrease in the rheniurr'x con;ent of molybdenite with depth; '.;'['_h_erefolre,
if §awkms"(l972) interpretation is f:orre,ct. the loxy rh_c;:niuim content

of the Preissa'\c LaCorne molybdenites may be indi;:ativ‘e of a physical
cbnir?l,-for example, a temperature gradient. Alterﬁétively, bismuth,
which is known to occur in molfbderﬁte m sufficiently high concentrations
to cfystallige as disc;-ete mine_rais .(R..R. Potter, 1968, personal com-
munication), may have deﬁressed the rhenium content of the molyb-

denites of the Preissac LaCorne Batholith.

' Also, the fhenium content of molybdenite from Ga[spé Copper

-

/ ) appears to be intermediate between the molybdenite's with plutonic af-

filiations and thi:>s§ .assbci'a.ted with porphyry cc;pper ores (Tab‘le 7-8). P
This result tends to sul'asmnti‘af;e the interprectation of Hollister et al.
(19‘74), wh;) have recently recognised the occu'rrence of porphyry-type
C"\/' cié_posits associated wit;.h the Appalachian Orogeh. They ascribe the
differences befé\jve;:ﬁ these deposits ana the porphy}ry coppe:;'s of the
Cordillera as. mainly due to thé greater age and depth of erosion of

the deposits of the Appalachian Orogén.
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" 4, Iron Formation

Osmium and rhenium at the Adams Mine are present as

_ trace elements in both the major and minor metallic minerals. The

K
Qiﬂg\her/bry a factor of 7 than the highest osmium value reported to date
—

osmium contegtéa single whole rock sample of banded iron ore from '
- ) P : < A

the mine is 3.20 ppb, and in magnetite separated from the same sample

is 2.53 pbb. (see Table 6-3). These values a.re_'eq.uivalent to the lower-

'most concentrations of osmium in the sulphide minerals of the Sudbury

ores (Keays -and ‘Crocket, 1970).

\ j jum values from the iron ore at the Adams Mine are -

!“ A
&a

<y
for sedimentary rocks (Table 5-11}. In marked contrast to the iron ore,
4 |

thé ‘immediately adjacent country rock horizons are low in osmium. For
e:&amﬁlé, single sampl_es from eg.ch of £hc footwall lean iror_x formation
~and the hanging-wall _c:hert.;y quartzite cc.)n'tailii 0. 04 ppb and 0. 05 ppb
osmium respelctively. Also,ﬂthe osmiumn content of a siﬁgle sample fror:
the footwall tholeiitic flows is 0. 14 ppb ('I_‘_able 6-3), which is intermediate
between the osmium content of diabase, W-1, and tholeiitic basalt,
ECR—I (Table 5-95. but much lower thanﬁthe ore. The question of the

origin of the osmium in the Boston Tron Formation is discussed in a

later section.



« in deep seated ultramafic rocks is more problematical, but at least
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5. Genetic Cornsiderations

Mention has been made in C'haptt_ar 5 of the depletion of
gsmium and rhenium in achondrites relative to chondrites and iron’
meteorites. The similarity of osrhium abundances in achondrites and

ter:restriél ult:rsa.m.'afilc‘ rocks was also noted. The- abundance of rhenium

-

v

in o‘ne‘instancer of a peridotite nodule cited by Morgan and Lo{rering

(1967), it is comparable with that of achondrites.

AS~Q} result of their siderophile characteristics osmium

and rhenium are undoubtedly highly enriched in the earth's core relative
to the upper mantle and crqs't. The siderophilic character of these 5

metals is shown_bf their enrichment in iron méteorites , and their
4 - .
partitioning into the metallic phase relative to the silicate and sulphide
o f

. phases of chondrites (Crocket, 1972; Herr‘_;c_f_: al., 1961). Further, the

depletipn'of osmium and rhenium in the mantle is probably a reflection
of processes which were active during the formative stages of the primitive -
earth. On the basis of the high boiling points of rheninm and osmium,

Cgocket (1972) has sugpgested that.significant quantit'es‘o,f both elements

peratures of about ZOOOOK during thé accretio;lary stage

of iron meteorite condensation. In this model, metallic iron probably
represents. the first important sink for rhenium and osmium, which are

thought to alloy directly with the metallic iron. This is not unxeasonable’
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- in view of the complete solid solution betwéen osmium and iren and

the Os/Re ratios of iron meteorites.
Hence, a major fractionation gf-@smium and rhenium be-

tween iron and silicate phases probably occudred in the primordial
: ® .

earth. Formation of the core and consolidatipn of the mantle, therefore,

resulted in osmium and rhehium being highly“depleted in the mantle
. N e e

-

relative to the core.

At Strathcona osmium and rhenium are relatively strongl
_ : o 7 _

~—

fractionated compared wifh their relz;.tive abundarx.ces in chondrites.
'F?r example, the Os/Re ratio at Stra'.;.hcona ils\less than that of chondrite

. * L. _
meteorites by about _C,;'O (see Table 57—14'). As such the value of 0.13 - .
for Os/Re‘in nia,ssive sulphide from Strathcona is probably a refle ct-ion
of the depletion of osmium ':t_'e_laltive'to Thenium effected during the o
formation of the rnantlle:—dlerived initial sulphide melt from which thé
-ores er)stz{llised.

At the Adams Mine i_ron.forrnation is intimately asso ciated

with mafic volcanic rqoks (Chapter 6). This spa;ﬁial association be;fwee;n.
 mafic voléa;.nisxtn and Archean iron-formation is well known, and-has been

&

interpreted as evidence for a direct genetic link between the iron formation
) =4} - . -
. . - B

and volcanic activity (doodwi.n, 1973; Hutchinson et al.,’1971; Ridler, 1970)

although the exact role played:by the volcanism is not known.

'(ﬁ

5 . S
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The éppar.'ent homogeneity of rhéniurﬁ, and pa.rticula.riy‘
t_hat of o‘smiurﬁ, in the Boston Iron Formation, and the asr_sqcia.tilon_ of
the-se elefnent:é with the iror-x,l suggests that rhenium e;nd osmium were K
deposited from solution at the tirﬁe the iron precipitated. Anomalous
co‘nceﬁtratiohs 'of the transition and noble mietals associated with sedi-

ments of the East Pacific Rise are considered to have been écavenged

' I Lt
from solution by iron hydroxide (Crocket et al., 1973; Bostrom and

bt -

Petersox;z, 1956); therefore, itis likel;r‘that the Il'henil.'r.lm and osmium in
the Bosf:on Iron Formation was precipitated in a similar manner.
M(.:chan-isrps c;;tpable of pfOViding the metals in sol#tion
within thei submarine Qr—énlcanic model include (i) hydrotherfnal- exhalations
of magmatic ori-gin (Bostrom and Peterson, 1966; Cr‘olé:kete_ta_l. » 1973);
(ii_) creation of metal-enriched hydrothermal Soiutions ‘by ‘the action of

sea water on hot basaltic material (Corliss, 1971 and Piper, 1973);
(iii) co.jl.d alteration of basaltic rocks by oceanic water (Keen, 1975). -
The first two mechanisms either individually or in c;ombination are
‘con_sider'e;f adequate to supply the required dissolved metals, althcdugh =
the Corliss model, which allows .fOlI' a sea water cc;mponent, érovidesﬁi
-greater ﬂexibilify. However, the relative lack of %acﬁ.o.natic}q between

osmium and rhenium in magnetite at the Adams Mine, and the paucity

of data indicate that additional data are required to test these models.



186
(;; | Relative. to Str—a.thcona. progres siveiy sma;ller O.s/E'le ratios -
occur at Heath Steele, Cralgmont and the “typ:.cal” porphyry copper of
the H1ghland Valley where the ratios are smaller. than that at Strathcona
.b)r factors of 13, 43 and 2,200 respectively. Volcanogenlc. strata
bound, massive §ulph1de deposits and porphyry copper ores are ‘charac-
terized by their close genetx.c a£f111at10ns w1th felsm denvatwcs of.qgald
alkaline magmat_ism (Sangster, 1972 S:.lhtoe 1972) and this has Ted to |
the d'eveloiarnent of a pl;';te tectonic model for the origin of the’se ores,
(Sawkins, 1972; Sillitoe, 1972). In this model, felsic calc alkaline rocks
are con51dered as typ:.cal end p-roducts of magmatism generated: along sub-

ductmn zones between compressive lithospheric plates The role of

hydrothermal soiutions in the formation of both tYI;es of ore is generally
é.t:cept,éd. - i

r ' .S_e‘veral lines of evidence indicate a mantle source fo; the -

. ores é.%s’oc_ia;éci.With the Guichon Batholith, incluéiing the I;I.iglear_ld Valley
porphyr opﬁer Eres and the mgatasoma.t'ic deposits of ‘Craig‘mdh;Ming.
These include an initial 8781'-./8681' ratio of 0.7037 obtained from a mineral-
whole rock isochron (Ch:rlstmas etal., 1969), and‘by s;lphldes with & S
‘valuea near zero per mil (Christmas et al., 1969; Jones, 1975) Recently
Kesler ‘et al. (1975}, on the basis of petrographic, chemical and isotopic

data, have reaffirmed the prirﬁitive-nature of porphyry copper intrusions -

1

with island arc¢ affinities, including that of the Guichon Batholith.
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Therefore, the low Os/Re ratios of the ores associated ]
with the Guichon Creck Batholith are considered to reflect enrichment

of rhenium relative to osmium during the formation of these deposits,
’ 4

étarting ivit}; a source in the ma.nt]:e and culminating with ore depositon
at a high level m the crust (Sa.w.kins, 1972; Sillitce, 1972). Enrichment of
rhenium relative to osmium may occur du::-ingr thg differentiation from
basalfic to granitic magma in which Os/Re show the opposite tendency.

‘Also,'in the granitic melt osmiunfi and rhenium areexcluded from the

—

common rock forming minerals :_.Lnd are therefore concﬂentrated in the
aqueous-rich residual f.luids,’ where 'fhey probably exist as chloride
complexes. The solubility of psrr;.ium -and rhenium in h_ydro.therm.al
solutions may be considered as a function both of‘the'oxidation potential\

of the solution and the oxidation state of each metal. In this model

the ability of both osmium and rhenium to exist in a wide-range of oxida-.
. patd
. v
tion states plays an important role in the fractionation of the two metals
. \‘

‘ : | .
in the hydrothermal environment. The response of. either metal to

increments in the oxidation potential of the solution will be slightly

. - N
different, resulting in interelement differences in oxidatiaon state and

o . (_&- . . .
solubility. In this manner significant fractionations between osmium
and rhenjium could be achieved in hydrothermal solutions, even though the

response of both metals to changes in oxidatidn potential have the same

& R

sense.



The role assigned to hydrothermal solutions in cffecting
fractionation between osmium and rhenium scems reasonable in view
of the low Os/Re ratio at Strathcona where water is fela.tivcly un-
important in the ore-férming I;ro cess. However, at the Heath Stecle,
Craigmont and the H.ighl'_a.nd' Valley deposits in which hydrothc\:rmal
solutions have pla‘y-ed an important role in ore formation, osmium and

rhenium are progressively more fractionated.
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/' CHAPTER 8 .
;SUMMARY AND CONCLUSIONS

Prior to this investigation, only very limited daté. werce
availuble on rilfnium and osmi\;\m in ore deposits. Rhenium was known
to be conccntrated in molybdemtes and osmium was known to occur
together with the platmum metal group in mafic and ultr\'naflc rocks.
However, no methodical intradeposit studies had been conducted _on the
two clen;;ent's‘ %xnd only osmium had been studied systematically ;.1t Sudbury.
The results of this work are summiarised as follows:
-(1) The Strathcona ores arc amenable to dating by the Re-Os

*

method with current ‘te‘c:hniques and could be used to refine the half-life
187Rc by the isochron method. Knowledgc of the x;elatmnshlp between
rhenium and selenium in the Stra.thcona ores wiuld assist such a study.

The rhenium content of Strathcona chalcopyrite and pyrrhotite
is about 20 ppb, and in one massive sulphi’dé _samplé it is 255 ppb. The
Os/Re ratio at Strathcona is about 0. 13. Calculated 18705* (radiogenic)
is in the range a’?fS to 5 ppb Samples of up to 100 grams would be required

e
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to provide sufficient Os* for mass spectrometry.

N

s . .
-(2) Nickel~copper ores similar to those at Strathcona favour applica-

tion of the Re-0Os isochron method.

(_}) By virtue of their high rhenlum content molybdenites frequently L(

‘v.

187 . . e .
generate Os* in sufficient yxtlty for mass spectrometric analysis.
However, the extremely low com

mon osmium abundances in molybdenite
';esu,lts in the radiogenic osmium heing virtually monoisotopic. Ex-

fremely }’u'.gh ;87

Rcrllsf-)Os ratios in molybdenites (of the order 10? in the .
Guichon Batho]:it_h) do not favour ;:he use of this mineral in the isochron
method.

(4) Ycry low’ abundances of rhenium and osmium in the principal
metallic m-incrafs of strata bound, volcanogenic massive éulphide
deposits, contact metéxsomatic ogits, molybdcinunxldeficiént porphyry
Cu and Precambrian banded iron formation mitigate against;application
of the Re-Os mgthod to these deimsif;s. These oxres, which &ngc in age
from 56 to 2750 my, ée%rally contain 0.1 to 0.9 ppb rhenium, 0.0}

to 0. 09 ppb ;)smium, and 187{)5* cal‘;ulated to be in the 10_12 to 10“'14
gm/gm range. Hence.samples weighing between 10 and 103 kgm. would
be required to provide the ?r;i.nirnum quantity of 18'705 * for mass

T,

spectrometry.
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(5) " The only prospecet of applying the Re-Os method to volcanogenic,
strata Eound. massivé sulphide c;rcs appéars. to be the minor mFtallic
n{ineral assemblage. Sclenide mincralg such as clausthalite, n known
concen-trnto.r mineral of rhenium, berzelignite and naummanite warrant
invcstig:\t'loh, particularly so becausc of the positive cofr;::l;tion bctwee;{

rhenium and selenium in some molybdenites. Clausthalite occurs at

Rio Tinto and Kidd Creck, and four percent n@anitc has been reported

from Kidd Creek. ' . :

{6) Apart from Strathc;)‘na, other arcas which coﬁld be \‘:scd to refine

the half-life of 187Rc include the rhenium-rich uraniun1-90pper -vanadi\:lm
deposits of the Colorado Pla-t.cau. and the Fiskenaessct #rea of southwest
Greenland. )

(7) Rhenium is enriched in molybdeﬁites associated with porphyry copper
ores and the hulk rhenium c:dn;ent of molfbdcnitcs in porphyry Cu-Mo

ores appears to be significantly larger than that of porphyry Mo ores.

Also, molybdemtes associated with porphyry deposxts of

* Sutherland-Brown's plutonic class appcar to be impoverished in rhcnmm
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AP;PENB# A-1

PROCEDURE FOR L.R.I’IENIUI\/J’. AND/OR OSMIUM

STANDARDS . !

(A) Preliminary Treatment for All Standards

)

F

(2) -

(3)
(4)
| (5)

(6)

(7)

(8)

Pipette 3.0 ml pf carrier solution into a 35 'ml zirconium

e~

crucible.
Freeze ampduies which ha\.re been irradiated for long
p/:-/r‘ﬁﬁs (greaterw_han- six days) in liquid nitrbgcn.
Open vial and quantitéfiv:ély 't-ransfer standard powder
to cruc‘ible c-ontai.‘ning c'.arrier.

7 Add small amount of 95% ethanol if z;.ny powder floats on
surface.

Make carrier solution alkaline by addition of 1. 0 mls

31:'1 NaOH. Add 2 mls cthanol and let stand fo\rz_:c’;n minutes.
"Evaporate to incipi‘en dryness under aheat lamp and take
to complete dryness using a warm hot plate.

Add 3 gms NaZO2 and 3 pellets NaOH to the d;:'y salts and
fuse as for sample (Appendix A-2, Step 4).

Quench crucible in water and leach the fusion cake with

30 ml distilled waterx.

216
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(9) Let stand for 20 minute‘s then tra;ﬁsfer to 2 250 ml beaker.

(10) Centrifuge out insoluble hydroxides.

{11) Decant and retain supernatant. - Wash the'precipitate with
10 ml wétef and cex;at.rifuge.

(1z) Add this supernatant to previouély retained supernatant.

-~

The volume at this point is about 45 mls. o

~

If processing osmium only or rhenium-osmium standards, proceed

-,

with step (13).

If processing rhenium-only standards, proceed with atep (27).

(B) Osmium-only and Rhenium-0Osmium Standards

(13) Admit the supernatant to 1;:he distillation flask. The *
A apparatus used for the distillation of osmium standards

is essentially the same as that used for the osmium samples

<

up to and including tde primary receiver. See plate Az-1.

The receiving flask cong‘:aiﬁs 30 mls chilled 3M NaQH.

Waste gases from the r‘eceiving flask are neutralised in a

Qeak Timmonium hyd;oxide solution prior to venting into the

fumehood.

i} Separation of Osmium

(14) Bubble nitrogen sweeper gas througﬁ the distillation line at

the rate of 2 bubbles/second.



(15)

(16)

(17)

(18)

(19}

(20)

(21)

(22)

. (23)

’ an‘d dry under a heat lamp. - : Lol
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A
Admit 20 mls 50% HZSOA rapidly to distillation flask and

immediately add 10 mls 35% HZO Immediately close

5"
stop-cock to ensure rapid acidification of osmium solutipn.

(This is neccssar? to prevent hydrolysis of osmium. )’

. o
Distil osmium tetroxide at 80 to 90° for thirty minutes.

A

Osmium is retained in the ice—chillg receiving flask as
sodium osmate. Rretain the solution in the distillation gask.

Transfer osmium distillate to a 250 ml beaker. Acidify

)
\

with concentrated hydrochloric acid, and heat on a hot - "I‘}

plate to just Selow b-oiling.

Precipitate osmium metal with addition of slight‘ excess of

zinc powder and heat for 15 minutes.

Destroy excess ziné with concentr‘ated hydrochloric acid.

Centri‘fuge and retain precipitate.

Add 6M hydrochloric acid and boil with electrotherm.al bunsen
- t @

for at lcast three minutes.

Centrifuge and retain precipitate. Wash precipitate with

‘water and centrifuge. Repeat once with water and once

kS

with ethanol.

= - L
Slurry with ethanolf plate out onto weighed vycor planchet

n
A%



(24)

(25)

(26)

(27)

(28)

(29)

- (30)

(31)

Weigh.

wy
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Count.

For rhenium component of rhenium-osmium standards

beil the residual liquid in distillation flask {from step 16)
. 1':5

LA

to destroy hydrogensperoxide and transfer to 250 ml beaker

before proceeding with next step.

ii} General Treatment for Rhenium Standards "

Precipitate'rhcnium. sulphides by adding 25 mls concentrated
-~

hydrochloric acid and diluting to 100 mls with water. Add

‘one gram of thicacetomide and heat for one hour.

Centrifuge, discard supernatant, wash the precipitate with
water, centrifuge and {ecant supernatant.

D_issc‘ﬂ\re z;hcniurn sulphides in 5 ml 5M sodium hydroxide
and hydrogen peroxide. cat with electrpothermal bunsen
to assist dissolution. Destroy hydrogen peroxidé by boiling
with electrothermal bunsen as for samples. .

Make 'volume up t0‘15 rnls.wik;:,h 5M sodium hydroxide.

-

Iransfer tol25 ml separatory funnel. Extract rhenium

into 15 mls fnethylethylketone by shaking for 1-1/2 ljninﬁtes.

Transfer rhenium-bearing organic phase to 250 ml beaker

and evaporate to dryness as for samples.
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(32)

{33)

(34)

- (35)

(36)

37

(38)

(39)

(40)

(41)

(42)

. planchet. . «

Lt
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!

_ Dissolve residue in 2 mls concentrated hydr_c'JchJ.oric acid-.

and 5 mls water. Add 5 drops ferric chloride and 2 drops

‘lanthanum chlollride solution.

Make solution weakly alkaline with cox::\cntra;ted ammeonium
hydroxide, and heat to boiling.

(;001 to room temperature' Vandr centrifuge out iron hydroxide.
f‘i.lter supernatant thréugh Whatman 541 filter papt;r. Collect‘
filtrate in a 50 ml beaker._

Adjuét pH to 8.5 with ammonit‘lm hyciroxide and/.oz.'.-hydro-
chloric acid. |

Add 3 mls of 1% aqﬁeous tetraphenylarsoniurﬁ chlt;ride ,
solution. Stir, heat to 700C forr 5 minutes.

Chill for 15 minutes in ice. Centrifuge, discard supernatant.

Wash precipitate with ice cold watér and cgntrifuge. Repeat
additional two times. ] |
Slurry with cold water and plat-e out ong weighed aluminurﬁ
Dry under a heat 1a;'np using an airstream. Dry in an oven
at IOSOC for 30 minutes to cnsure complete dryneés'-of
tetraphenyl.arsonium perrhenate.

Weigh.

Count.



APPENDIX A-2

TREATMENT OF SAMPLES

{A) Preliminary Treé.tmcnt for All Samples

(1)

(2)

T (3)

(4)

(5)

Add 5.0 mls carrier solution to 2 35 ml zirconium crﬁcib%e
followed by 1. 7 mls 3M NaOH kalso add 2 mls 95%rethanol
where osmium carriér is involved). |

Let stand for ten m;lnutes-, then evaporate to incipient
dryness. with a heat lamp and finally to complete dryness

on a hot p'lajt‘:ﬁ |

Transfer sample f;‘ox:n vial to‘crucibl‘e (sa;nples ’irra-.diafed
for mo;e than 6 ldays are frozen in'liquid nitrogeq prior

to dpegirﬁtg).

Fusion: Add.l.5 gré.rps sodium péro;ic‘ie, 3 to 5 pellets Né.OH
(depending on size) followed by 1.5 grams é;diunl peroxide.
Heat at low temperature for four minutes, then to cherry
redm;.ss for four minutes. Swirl three times durihg latter
heatiﬁg to ;bta_.in hpmégenizaﬁon between sarr_lple and carrier.

Quench crucible in cold distilled water and place on 5"

diameter ""Speedy Vap' watch glass.

221




(6)

)
®)

(9}

‘

‘avoid splutter.

222

Leach fusion cake with 30 mls distilled water taking care to

F
.

Allow crucibles to stand for.1/2 hour.
(a) Transfer liquid sample from crucible ta 50 m} beaker .
Use a policeman to insure quantitative transfer of sample -

from crucible, lid and a plutter.on watch glass.

(b) Add 3 mils concentra.tcd hy%o chioric acid to criicible
to assist dlssolutxon é anws:.due Add 10 mls water
and transfer to 100 ml beaker.
(a) Transfer samplé to test tube and centrifuge out insoluble
hydroxides. (The sypernatant contains rhen,g’.um'and
osmium in _their highest oxidaﬂtiorf states’ )
(h)<_T;ansfel; superna';ant to 250 ml beaker. Wash insoluble/\

hydroxides with 10 mls water, centrifuge and add super- \

—

natant to sample.

For samples-being processed for rhenium only, proceed with step 18(a};

otherwise, proceed directly with the next step.

(B) Separation of Osmium

(10}

Transfer the supernatant liquid from step. (9) to the primary

distillation flask (see plate A2~1). Adjust flow rate of nitrogen

oy

to two bubbles/sec.
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1 H - Disti ion. - R v

( 1') _ 2504 HZ,OZ 15t1}%at10n u _ _
'~ (2). Add 20 mls 50% H,S0, to the sampleé through the thistle

N a . : .
7 funnel, 'followed immediately by lohml-s ‘hyd ‘og'en pe:ro:r.)ide.(n
(Note:- rapid acidification of the dsmium is necessary to

' pr'eve'nt hydrolrysis. ). T
(b} Using heating mantles, di-still. at 85? to ‘900 for 20 minutes .
then heat‘water trap ‘to Poil:'u;g for 10. minutes.
tci Osmium i§ retained in the primary receiver in ice-
chilled 3M sédiurn‘hydrqx-ide (see Plate A2-1).
{d) Reduce line to lroom texinpewra‘ture and lt’rans,_fer_ sodium
N . . osrﬁate to 250l ml beaiqs:r.' Wash primary receiver then
return to distillation line.-. ‘
{12) Precipitgte osmium disulphide frpm chil.led sodium osmate in

<

a 250 ml. beaker by:

(a) Adding 10 mls hot H,O solution containing 1l gram thio -

2

K . .actemide in 25 mls HZO.
(b) Heat to boiling for 20 minutes (if this step is omitted a
good precipitate does not-res"ult).
(c) Take to first reddening of 1iitmus with 6M or concentrated
: HC1 (bubbles vigorously _I?ear neutral-. point). -

(d) Dilute with water to 125 mls. Boil for 10 mir;.utes.

(e} Cool and centrifuge out gsmium sulphide in a test tube.

hcs



(13)

(14)
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(Ia) Shut off nitrogen sweeper gas. Remo’vé‘the orig‘in;il
sample solution from the distiJlla‘.tion flask and I;cta.in '
for rhenium processing.

(b) Wash ci'istillation, fiask éhd repla ce in the lirhle‘:

HNO, - NaBiO. - H

3 1:'_’:0\4 Distillation:

3
| R v ‘
Note:- Prior to the start of this distillation, (i) prepare all

glassware required for the purification of the osmium in

step 15; (ii) dissolve 0.3 gramé Na.BiO3

in 5 mls concentrated

boiling nitric acid.’

(a) Start N2 gas using 5 to 10 bubbles/second.

(b) Add 10 mls conc. HNO3 to osmium suiphide precipitate
fromﬁ?tep 12(e). Stir well and admit to secondary

distillation flask immediately.

{c) Add 5.0 mls concentrated HNO,_ in which 0.3 ‘gms_ NaB:103 .

3

" has previously been dissolved.

(d) 'Add.l. 0ml H3P.O4 fo the secondary distillation flask
(D.F.) then wa;s-h ocut tést tube which contained osmium
sulphide with 2.70_ rr;xls conc. HNO3 and add this to éccondary.
D.F. | |

(e} Hecat secondary D.F. to boiling p_oin;... When solution is
ne"arly colour_l'ess_(-u 5lm'ms. )s add‘

ol ’

(£f) "5 mls coénc. HI\IO3 and 3 mls conc. HZSO4' Heat to 3

to 5 mins.



(15)

*(16)

(g)

(a)

(b)

(c)

{e)

(f)

(g)

(h)

Osmium is retained in 20 mls chilled 6M NaOH as
_ . o ;

sodium osmate.. Proceed immediately with next step.

_Purification of Osmium Samples:

Transfer sodium osmate obtained from step 14(g)

to 50 ml beaker and place in ice bucket.

Add conc. I—INO3 dropwise using mici:opipette until

near neutral point. (Volume generally 37 to 39 ml
at this poixg&_)/—\_“

Make up volume to 40 mls with conc. chilled HNO, .
Immediately transfer to 125 ml separatory funnel and

shake well.

Imme‘diately add 30 mls chloroform. Shake for 1-1/2

minutes.

A;llow.v phases t-o separate. Transfer organic phase
(béttom layer) to ciean 125 ml separé.tt:)ry funnel, add
30 ml 3M NaOH and shake for 1 rﬁin_utc.

Drain off organic phase, trans.,fer aqueous osmium-
beariﬂg phasc to chilled test tube.

Centrifuge to remove entrained chloroform.

. Precipitation of Os:

Proceed via steps.17-2 3, Standards Procedure," page-218.

-
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(17) Weigh and count,

(C) Purification of Rhenium Samples ‘ Y

{18) Use rhenium solution from step 13(a) for primary
purification by eitheI‘- ion exchange (19-1b) or by distilla-
tion (19-2). o - )

(19-1) Primary purification of rhenipm by.r ion exchange using
De-Acidite FF resin:

(a) Prepa;ation, of anion-exchange columns (séégAppéndix‘
T A-3).
(b) =~ Add Zd mls 12M hydrochloric acid fo sample solufion
from step 13(a)f-' Cool an&;l stir well.
“e) Absorb rhenium onto prepared De-acidite F'F column.
(d) Wash column with 50 mls 1M hydrochioi'ic acid.
{e) Wash Wi£h 30 r;'115 water. : - ' .
(f) Elute rhenium with 60 fnls 2.'.3;\/[ nitr'i'c': acid at flow w
re;te of 0.5 mls/min. Collect in 500 ml erlenmyer flask.
Convert to chlorides as in step 20. |
i (19-2) Primary purification of rhenium bf HZSO4—HBI'-H3PO4
| Distillation:
(2) Place rh?nium solution inhpfirr'lary distillation flask -

of apparatus illustrated in Plate A2-2. (Note:

-
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PLATE A2-1: APPARATUS FOR THE DISTILLATION OF

OSMIUM
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PLATE A2-2: APPARATUS FOR THE DISTILLATION OF

RHENIUM
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(d)

(e)

{£)

(g)

o

‘Start N
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The chilled re'ceiving flask is initially empty,
and waste gases are bubbled thrbugh dilute NH4OH

. ) s
before being vented to the fume hood. )

, SWeeper gas. Use moderately strong flow

~ (~ 8 bubbles/sec). -

Add hold back carriers for Ag, Co, Cu, Fe, Mn, -
Mo, Niand Zn to give mietal contents of 10 to 40 mgms.

(0.25 mgms for Ag.) The holdback carriers were in

the form of sulphate solutions except for Mo which was

in the form oflsodiu;'r-l mélybdate.‘

Add 5 mls H?,-PC)4 and 10 mls conc. HZS\O4' followed
by an additional 35 mls conc. H,SO,.

Close s-topcock.u‘ Place 25 mis c.o.n.c. HBr in thistle
funnel.

Boil to .drive off wa-tezl.;. gnd reduce to conc. HZSO4.
.T:.ike ter:npera.ture to 155°C.

Drain water from rec.:ei_ving ﬁask, replace with 17

A

mls chilled 6M NaOH. Replace receiving flask in line.

Chill with ice.
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(h)  Heat distillation flask rapidly to 210°G. Start HBr
dripping a few drops at a time. Increase drip rate of
.~ HBr until it is between 1. 25 to 2.5 ml/min (i.e. distill
o ) . -
2t 200  to 220 C for 10 te 20 minutes). ...

(i) Place distillate in 2590 ml.béak'er, add HZO to 100

4

mls, precipitate rbenium sulphides as in step Zl(b).

(20) Convert nitrétes from step {19-1)f to chloride by: L

' (a) Adding 5 mls co_nc.‘HCl, attaching ;tem (length 5-3/4

inches, internal diameter 0.75 inches) to erlenmyer
flask and heating to just boiling. The additional
‘height prévided by th_e stem to the erlenmyer‘ﬂask
is necessary to prevent serious‘ losses of rhenium
heptoxide by volatilizatior.x.

{b) Reduce volume of solution to about 2 mls. Add
several mls conc;Zated hydrochloric acid to destroy
nitrates and boil.

(c) Repeat,st]ep (b) until all nitrates are de.;stro'y}ed.

{d) Transfer to 250 ml beaker.

' (21)  Precipitite rhenium sulphides by:

{a) Adding 25 mls concelnt:rated hyciroch.loric é.cid én
diluting to 100 mls with water.

+{(b) Add 0.5 g:;'ams thioacetemide, cover with watch glass

and heat gently for at least several hours.

e ———— .. - - st e et Y



(22)

(23-)

(c)

(2)

(b)

~ ‘thermal bdnscn.
v .

I DO . . - | et et
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Centrifuge out rhenium sulphides.

Dissolve .r'}_lenium sulphides by:

Adding 5 mls 5M sodiumn hydroxide, 10 drops (more if
necessary) hydrogen peroxide and heating with electro-
Add several mls water and boil back down to original

volume of 5 mls. Place in 100 ml beaker.

Solvent extra ction of technefium:

_ (a)

(b)

(c)

‘Dilute volume of rhenium solution to 15 mls with 5M

sodium hydroxide.

Dissolve 0.5 grams hydroxylamine hydrochloride in

the solution to reduce technetium to the tetravalent

state.

First brganic contacting:

(i) ' Transfer rhenium solution to 125 ml separatory
fx-mnel, 'add’15 mls methylethylketone.

(ii} Shake for one minute.

.{iit1) .Drain aqueous phase {bpttom) into original beaker.

Retain.

(iv) Drain organic phase into clean separatory funnel.

Retain. o : \ |

~—
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3 {v) Replace iac‘luecm..s‘phase: in beakez;.back in dirty
separatorry funnei. ’
(d)  Repeat step (c) and combine the organic phases.
(e) Clean coml:.:ine_d'o‘rg'anic phases by contacting with
= 5 mls 5M sodium hydroxide. Discard aq_ueio{ls phase.

» .
(£) Transfer organic phase to 250 ml beaker and evaporate g

to dryness on water bath. at 70° using an 3irstrcam._ l

(g) tAbsor;b rhenium into 5 mils formic acid hydrochlo:;:ic
'a.-cid solution {95/5 vol/vol).

" (24) Final ién exchange treatment. ;

Prepération of Dowex 1-X8 ion exchalnge resin (sec Appendix

A-3):

(a)  Absorb rhenium solution from (23-)g onto prepar.ed

.

Do“{.e.x ’,l—XS column.

(b) Elut;a with 35 mls formic acid—hydrochloric acid
sqlution (95/5 \{;Jl/vol). Discard eluate.‘

e) E{Lute with 25 mls‘watér. Reject elua‘te.

(d) Elute.withx ;5 mls 0.5M hydroc;hloric aciczi. Discar‘d
eluate. -

{e) (i) Cool column wifh ice for ten minutes,

(ii); Elute rhenium with 50 mils acetc;ne-h},"drochloric

¢ a:cid solution (95/5 :vol/x.rol) at 0.5 mls/min.
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'(iii} Collect rhenium in 250 ml beaker containing 10 mls
. ) t .

water. - ‘ , L
Note: The separation of elements achieved with DOWEX 1-X8 using

the procedure outlined in step (24) is given in Figure A2-1.
(25) .Evaporate off acetone using water bath at 70°C and air
. © : :
stream.
. (26)- -Adjust pH to 8.5 using weak ammonium hydroxide or hydro-
chloric acid solutions as required.

(27) Pre.cipitation of tetraphenylarsonium perrhenate:

Proceed via steps 36-42, Standards Procedure, page 220, 5
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' APPENDIX A-3

PRELIMINARY TREATMENT OF ANION EXCHANGE RESINS

The resins used-are De-Acidite F'F 160 to 200 mesh,
| 7 to 9% cross linked, in the chloride form, and Dowex 1-X8, lOO‘A-to
200 mesh, 'chlor.ide form. |
1. -.éhlltriate the resin ten times in water usi;ng a 1000 ml measuring
chin.de: .- Store t‘he sized resin in IM hydrochloric ﬁcid' until
required for use. |
2. 7 Preinare elution reagents for Dowex 1-X8
(a) Formi.c ac'id-.-‘hydro chloric acid reagent:
Preparé a solution of 90% formic acid-concentrated hydro-
chloric acid (S.G. 1.18) in propoirtions of 95:5% (volume:
volumg).
(b) Acetone —hydrochloric acid reagent:
Prepare a solution of é.cgtone-concentrated hydro cl-iloric
écid (8.G. 1.18) in propérﬁons of 85:5% (volume:v;alume).
3, ) Prepare the ion ‘e:;ciaange columns. The columns are identical
N

except that those used for Dowex 1-X8 contain a cooling jackct

‘ (see Figure A3-1). Use a resin bed length of 3.0 cms. Insert

y .

235



. o _ o 236

a small plug of fine glass fibre wool into the column and
position it so as to rest snugly ;)n top of the _res-in bed.
4. Wash the columns with 60lrhls of distilled watex.
“5, Wash the De—A;jdite columns with 60 mls IM hy.droch_loric- acid
and the Dowex 1-X8 columns with SO mls of the formic acia-

hydrochloric acid reaggnt.' .

The columns are now rcady for absorption of the rhenium.

That is, for the De-Acidite continue with step 19(b) and for the Dowex

1-X8 continue with step 24(a) of Radiochemical Purification of Rhenium

/
Samples. '
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———— feed solution{elutont)
) '
\-.‘, L\ /(H/é cooling jacket
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glass wool plug ——F—fe oA ‘ _
L —=r—— absorbed rhenium chloride
, . : L jon exchange resin
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J 2] — fritted glass disc
s ’
"SH‘)
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I 1

Figure A3-l: Diagram of ion eéxchange column equipped with
cooling jacket. ‘
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- .. APPENDIX A-4
TRACER EXPERIMENTS ON ANION EXCHANGE RESINS

Tracer cxperiménts were cond_uctec'l on the strong base
anion exchange :;'esins De-Acidite FF and Dowex 1-X8, to evaluate
their elution characteristics for rhenium. _The De-Acidi\te FF was
prepared in th.e maﬁner described in Appendix A-.3. For ‘Dowex 1-X8
in the “SCN form, p;‘epa—.ra.tion 'of the reéin, absor.'pt.ion and elution of

!

rhenium was according to the methods of Kawabuchi (1965) and IshiLJg__ ')'

{1966)}. In both cases a resin bed 3 cms in length was used. The c’\
columns used are identical to that shown in Figure A3-1, except that ~ .z~
they lack the cooling jacket. An clution rate of 0.5 mls/min. was
“used throughout this work.

NENTE - SN — |

In these experiments Re tracer was added to approxi-

‘mately 15 milligrams of rhenium in suitable form. This initial aliquot
was made up to volume in a 10 ml volumetric flask, and the initial

radioactivity determined by y counting. Having been absorbed onto the

resin, the radioactive rhenium was eluted with 2. 3M nitric acid from

238
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‘the De-Acidite EF and with a standardized 0.5M thiocyanate - 0.5M

A " ¢ e 7
- hydrochloric acid solution from the Dowex 1-X8. . The ¢ iate was collec- "™

“ted as 10 ml -fré.c;tions' in volume;tric ﬂasks' identical to the one used
init‘ia]ly. The 10 ml eluates were y counted and é correction fc-n: decay'
applied. The r;:s'ults preéented' in Figures A4-1 and A4-2 indicate that
for De-Acidite FF 98.5% of the rhenium recovered is eluted in the 20 to
70 m] fraction of the eluate, whlle for Dowex 1-X8 99.2% of the rhemum

* recovered is eluted in th.e 30 to 90 ml portlon of the eluate. Thus, the

i

tailings effcct is minimal for both resins.’
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Figure Ad-1: Elution characteristics of DE-ACIDITE FF (CI” form) using 23M HNO
/ . - . " ’ .
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Fugure A4-2: Elution chorocternst:cs of DOWEX IXB SCN- form eluted
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.  APPENDIX B

EVALUATION OF SELF-ABSORPTION OF 186Re AND I9105 {3-

ACTIVITY IN RHENIUM AND OSMIUM PRECIPITATES

In radioactive samples of ,fini{e thickness the B 's

originate both at the top surface and from w1th§.n the source. With

.

—
<

increasing thi ess, a \greater proportion of the {3_' activity iw

absorled within the source, and if the source is sufficiently thick,

B pérticle originating in the lower layers of the sarmple will be totally

kl

absorbed. This phenomenon is known as self absorption. It results in

“

decr@sh;g _appar.ent specific‘a (;,ti.vity (count rate divid#d by the mass

of the sourcei with increasing éample weight, and must therefore be

gvaluated as a source of erro in [3? comparative counting methods.
Two experiments were performeé\lto determine if there is

8 | 1 s
any absorption effect of ! 6Re and 19 Os B radiation over the weight

o

ranées of rhenium and osmium samples counted. The following is the

procedure used in these experiments.

o

242
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Irradiate sufficient rhenium and osmium to yield about

0. 7u Curies activity of the respective ra.dionu'c;lide‘)s. _Cool for at;out'
.12 hours. Flush the irradiatéd osmium and rhepium salts into two-
separate 100 ml beakers with 6M HCl. Dilute to 30 mls with 2M HCI.
Pipétte 1iml of t}.me rédioactivg rhenium and osmium sollutioﬁs into each
" of sevexral beakers containing different amounts of their.re'splective

SRS - P ' .

carrier solutions. Homogenize by heating on a hot plate for two hours.
:Preciﬁitate osmium as the metal and rhenium as‘tctraphex;yl‘ar?,oniu:n
perrhenate af@:lc&ébed in Appenchx A-1. Plate out the osm%m‘n and rhenium
prec1p1tates onto pre-weighed planchets. using a capﬂlazly p).pette to obtain
as evenly distributed a precipitate as pos sible. Dry the precipitates slowly,
weigh to determine their fespéctivé chemical yields and count.

_The results are presented in Tables B-1 and B-2 and

Figures B-1 and B-2. They indicate that tixere is no significant self-

absorption effect of {3— particles by the rhenjium or osmium precipitat'es

in ti—;e weight range used in this research; This conclusign is supported by
~ data from Bowen and Gibbons (1963) on the self absorpt:Lon of B particles
for 358 in which they indicate the self- absorptmn effect to be ms:tgmhcant :
for thicknesses less than about 1.9 mg/‘cmz. The maximum prec1p1tate__\

~ thickness counted in the self-absorptidn experiments is l: 32 mg Re meta"l‘/‘
cmzland 2.5 mg Os ﬁemi/cmz which is two to three times the thicknesses

of precipitates used in the abundance determinations. Therefore, no

corrections for self-absorption were made in this work.



Table B-1

I ‘ ,
- Results of - 9105 Self-Absorption ExPeri_rnent

244

Sampie Carrier B Chermical Co.unté/ | - [Carrier | CPM 100%
No. Recovered counts Yield min. Taken C.Y. x
: {mgm) min ‘ 100% C.Y ] (mgm) | Initial Wt.
: (2) (b) (2) x (b)
1 0. 46 606. 3 93.95, 645.4  |0.4896 3}6.0
2 0.93 789.0 -.94.8'. 1830.7 o.9792 813.4
3 1.30 834.4 | '88.5 | 942.8 [1.4689 | 1384.9
4 1.84 815.2 94.0 - 870.9 |1.9585 | 1706.0
5 2.29 849.1.| 93.5, 907.7{\ 2. 4481 | 2222.0
6 2.72 858.4 | 92.58 927.2 [2.9377 | 2522.0 .
7. 3.23 848. 4 94,24 898.1 |3.4273 | 3078.0
8 3.70 753.2 | 94.46 %97.3 3,9169 | 3123.0
9 4.30 908.1 | 97.6 930.6 |4.4066 | 4101.0
. , o
10 4.58 862.1 | 93.6 921.5 |4.8962 | 4511.8
11 6. 26 799.2 | 91.3 - 875.2 lo. 8547 5999 X0
12 9.62 859.7 58.2 875.1 [9.7924 | 8569.3




245

Corrected [B-counts/min. x initial wt. Os metal

! | l | | l l 1 ]

0 2 4 & 8 0
;o Initial Wi. Os metal (mg)

| FIGURE B-1 : O.4MeV/S Plos SELF ABSORPTION



Tabie B-2

Results of 186Re Self{-Absorption Experiment
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Sample Weight { B~ |Chemical g~ Initial CPM 100%
No. Counted | Activity| Yield Activity - ’ C.Y. x
CPM 100% C. Y.- - Initial Wt.
(a) - (b) {(2) x (b)
1. | 1.69 ' 192.5 | 70.31 273.8 |2.405 658.5
2 4.03 . 193.2 | 83.74 230.7 |4.8102 ) 1110.0
3 6.07 198.0.| 84.11 235.4 | 7:215 1698, 0
!
4 9.66 198.9 | 80.30 247.0 2. 026 2970.0
P2l
P

N
™
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32— '|_ — — 1

Corrected B-counts/min. x initial wt. Re metal

Initial Wi Re metal (mg.)

-186

FIGURE B-2 : 093,107MeV@ " Re SELF. ABSORPTION

i



‘{"..

APPENDIX C
SAMPLE DESCRIPTIONS

1. MAIN DEPQOSITS

Adams Mine

With the exception of the pyrite, all samples analysed from

"this deposit were collected by A:l.cfock (1971). The following/ sample des- ‘

-

criptions are taken directly from his work.

F-16-5: Tholeiitic basalt: Masika'ive, fine-grained, dark green lava.

S

_ Mineralogy includes quartz, actinolite, feldspar and traces

of sulphides (thin section). For normative composition see

Alcock (1971). - ‘

F-16-8:- Lean L. F-. : Non-banded. very fine-grained (<1 mm), magne-
tite occurs as disseminations in chert.

N Mode - 24. 9% quartz/chert

15.4% magnetite

55. 0% fine—grain«é:d magnetite~chert matrix

-4l 7% chlorite/actiﬁolite

248
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F-16-13: Oxide Iron Forfnatvion:. 1/4 to 1/2 in.‘ thick alternating
bands of maghetité and chert; disseminated sulphides;
complexly folded.

F-16-14: Ch(;rty Quartzite: Massive chert beci containing disseminated
g;éphite, which.impal.rts black color to outcrop. Aggregates
of actinolite needles rim occasional bleb of magnetite (T/S).
Mode - 84. O%Iquaftz/chert

12. 3.% actinolite/chlorite
3. 7% ma.gnefitc
Pyrite: Approximately 3% disseAminated, banded pyrite is assc;ciatcd
+ with oxide iron formation comprised of 1/4 to 1/2 inch thick

alternating bands of mégnétitc (40%) and greyish-green
cher% (:57%). 'i‘he pyrite ;;ax\'ies from fine to medium-

grained and frequently occurs as discrete cubes.

Craigmont

Chalcopw{rrite.: From ore co‘rnposed of chalcopyrite (15"-to 20%)}coarse
grained magnetite (2?)%), fine-grained chllorite (60 Fo 55%)‘
and potash fc‘zldspar (5%).

Magnetite: From similar material as for chalcopyrite

Pyrite: 15 to 20% massive pyrite associated with carbonate (calcite)

vein in altered limestone.

n
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Granisle Copper

Chalcopyrite (No. 1): Chalcopﬁite (10 to 15%) with quartz as 'fissufc—
| filling in altered q@rtz-diorite. The fissure quaz;tz

c;ha.ra.tefiséd by incipient cockécomb texture and by small
vugs. Associated with bornite (<0.5%) and fine-grained cl;ubcs
of pyrite (<0.1%).

Bornite (No. 4): Essentially massive boxrnite associated with small
amounts of chalcop.yrite (5 to 7%) in quartz. The bornite
is c:ither from a fault zone ox a fissure because of the vuggy
nature of the q;.xartz'. Minor manganese carbonate.

Pﬁite (No. 5): Essentially massive pyri‘te f'roxn fault zone. Associated
with dolomite and calcite.' Pyrite has light surfé.cé tarnish
‘in part.

Heath Steele

Massive Sulphides: 5-foot massive sulphide pulp sample from diamond

(No. A4049) drill @(DDH) B137. Footage interval 66 to 71.
- ,_/‘ ’
Assay results: Pb Zn Cu Ag
3.38% 2.05% 0.86% 7.56 oz/ton - -

Massive Sulphides: 5-foot massive sulphide pulp sa.mplé frorﬁ.l?)DH B138.
2

(No. A4093) Footage intorval, 375 to 380. Less than 20% silicate.

Assay results: Pb  Zn Cu Ag

¢

0.16% 0.28% 1.86% - 0.55 oz/ton
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| Sphalerite: DDH: B89-3. Sample 111 feet from collar. Sphalerite-
(No.B89-3) pyrite-galena ore band with appreciable chlorite. Sample

purity 98%. . Layer C.
Chalcopyrite: DDH: Bl104-5. Shample 349 from collar. Massive
{No.Bl104- sulphides, less than 20% silicates impurities.. Sample
5-1) :
- purity 90 to 95%.

Guichon Batholith (Highla'nd Valley Areca)

Bornite: Pure massive bornite
(Alwin Mining)

Chalcopyrite: F'rom chalcopyrite-rich 1" wide quartz vein
(Bethlehem Copper)

Molybdenites: ,
(1) Highmont Mining Molybdenite-rich quartz vein material from dump

in front of adit.

™ (2) Lornex Mining
(L-1)

Daily Molybdenite concontrate
,‘-.(((3) Valley Copper  Molybdenite-rich quartz pyrite vein (formerly the

Tamarak Showing)., Weathexed surface stained

with limonite and ferrimolybdite.



Kidd Creek .
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1

Chalcopyrite (No.1): Massivé chalcopyrite {93 to 95%). Largest single

Pyrite (No.

impurity is sphalerite (~3%).
7): Mainly pyrite (85%), but with lesscr-éluantitics of

"carbon-rich' material (12%) and sphzi.lcritc (3%).. Pyrite o

is either with ""buckshot' texture, massive, or -very fine -

grained. Small amounts of cubic pyrite also present. Pyrite
spherules rcach approximately 1/8" diameter. Sample

striated on one face.

Sphalerite (No. 2): From‘ 1/2" thick massive sphalerite band in massive .

Strathcona
Pyrrhotite:

{DIC)

spha.lé:rité and ge}léna ore. Minor (about 5%) carbonate and

silicate impuritics.

Pyrrhotite separate contgs.ining 2.3 modal percent pentlandite,
obtained jrdm massive sulphides comprised of pyrrho‘titc
{~75%), magnetite (v 8%), chalcopyrite (~15%).’ From Dl stope,

2750 level. Chyi's Sample C.

Chalcopyrite: Chalcopyrite separate from same sample as that from

(DIC)

which pyrrhotite obtained.



T

Maéai_ve Banded Sﬁ.lphides: Massive sulphides }_99%. Composcd of

pyrite (54 to 49%), pyrrhotite (20%), chalcopyrite (15 to 20%), -

pentlandite {3%). From- Main Org: Z.one, Stope J. Footwall
side of ore. Co'llcc.ted by R. Wright. -
Massive Sulphidrcs: Frgm mas siv-c' sulphide vei:; .in footwall gngissea.
Vc;n co\mposed lof‘nickclif’crous pyrrhotite {80,), chalco-
pyrite (12%), and magnetite (8‘7;). Deep ore zonc 2625 léve:l.l
R. Wright's No, 3 sample. |

2. OTHER DEPOSITE

"Anglo American Molybdenite Co.:

Pyri‘tc: . Pure mater_ial from a pyrite cube measuring 35 mm along
. its cdges.

Denison Mines;

Pyritc: Mineral separato prepared by R. Martin@c.

Molybdenites T : , s .

Bethlehem Coll:\pe-r:

B-1. (Laboratory concentrates from Jersey Pit molybdeaite

] ( .\'\“. .

B-3 { :

B-4 MoS. concentrate. ' J.A. Zone. Representative of~109 ft.3

2

Al
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)
3-5_ ' MOS2 conccntrzlxtc.-_ J..A. Zone. Re.prcsentative of"-u 5x108 ft:?.
Boss Mountain: | o | o .
Daily mill MdSé c;nce-ntr-ate
Brenda Mines:
,Molybdenite associated with chalcopyrite in 1/4" quartz.
vein in granodiorite. _
»
B.C. Molybdenum:
Monthl”y mill .MoSZA‘ composite concentrate.
Endako Mines:
. Monthly mill MoS§ cqmpos.itc c‘:bncc‘:ntratc'.

2

Gaspe Copper: 3

MOSZ concentrate.
‘Mplybdenite Corp. of Canada:

1

Daily mill MoS2 concentrate. j .



