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ABSTRACT
The Yates mine is located 100 km northwest of Ottawa (Lat.
45°55'N, Long. 76°31'W) in the Grenville Puovince of the —--
Precambrian Shield. It comprises six mineral occurrences known
as the Bélanger, Bélisle, Camp, Cliff, Lake and Matte zones.
The Camp and the Matte zones, some neérb; mica pits and a small -
radiocactive pegmatife‘were examined in detail because of their
good exposure. The zones consist of calc-silicate ska;ns, or
Vein—dyke;, which ate generally in conformable contact with the
surrounding biotite and amphibole“gneissés. These gneisses have
been intruded by pegmatite'and diabase dykes. The gneisses

represent metamorphic equivalents of sedimentary rocks of the

" Grenville group. : - >
. o

The de§051ts are mineralogically zoned;ﬁith a calcite-rich core

mantled by a unit of variabdle thicknéss of calc-silicaterminerals.

Each geologicgl unit is also zoned with respect to érain size. | .
The main radioactive minefals are thorianite, uraninite, thorite

and allanite. ‘They generéily occur in the core or near the

transition between the two units. The mica pits have similar
mineralogies and textures to the two zones. The radiocactive

pegmgtite near the Matte océurrenca encloses a.lens of calci£e~

within its - quartz core.

A

Geochemical analyses indicate that phlogopite, diopside and
tremolite reached at least local equilibrium amongst themselve
during formation. Uraninite and thorianite occur as discrete

grains and as fine mixtures with thorite. The rapid variations
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in their compositions probably reflect disequilibrium. The ‘
allanite from the Matte zone contains more ra#e-earth elements
iahd less thorium with respect to allanite from the amphibole
gneiss. ,VWTH/”/J . \W/
The gene31s of the Yates mine is related to the escape of fluids
generated during prograde metamorphism by the reaction of
carbonate minerals with available silica forming calc-silicate
minerals and volatile constituents, and also by the metamorphism
of detrital éediments, vwhich may.have been\thorium<£ich. 'As the
fiuids and tEg/;Llatiles migrated during uplift when the temper-—
ature and the load preSspre were decreasing, they formed
pegmatites if they encountered quartzofeldspathic rocks, or
skarns if they encountered calc—siiicéte/rGEKﬁ. Thé'preferred'
occurrence of thorianite in calc—éilicate rocks in high-
temperature métamorphic tégrains is probably controlled by a
deficiency in siliq?ﬁwhich llmits the formation of thorite.
The composition ogkfhorianlte from the Camp zone indicates an
age of mineralization 1.2 b.yrs. assuming equilibrlum of s

—

radiogenic daughter elgments; ' : e

- -
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RESUHE
_Le dépbt Yates -se ‘situe A 100 km au nord-ouest della“VIiIgm
d'Ottawa dans'la province de Grenville du Bouclier Fanadieﬁ -
(Lat. 45°55'N, Long. 76°31'0). Le dépdt comprend six indices
connus sous les noms de zones Bélanger, Béligle, Camp, Cliff: Lake
et Matte. Les zones Matte et Camp, quelques carriérgﬁ de mica et
_uhe pegmatité radioactivite ont été étudides i ¢E§;;-de leurs
affleurements en surface. Les zones Matte et Camé se composent
de sEFrps de minéraux calc-silicates concordant avec les gneiss

A _ : ‘
) biotite et 3 amphibole environnants. Ces gneiss sont coupés

~7

par des filons de pegmatite et de diabase. Les gneiss sont les
-’édhivalehtg métamorphiques des roches sédimentaires- du groupe

Grenville. )

*®

Les gites sont zonés granulométriquement et minéralogiquement ~
avec des noyaux riches en calcite entoures de mahtéaux de miné-
raux calc-silicates. Les minéraux radioactifs importants sont
la thorianite, l'uraninite, la thorite et l'allanite. 118 se
retrouvent dans le noyau prés Gu céntact gradatiénnel avec le
manteau. Les anciennes carridres de mica ont des minéralogies
et textures semblables & ces zanes. La pegmatite radioactive
preés de la zone Matte contient une lentille de calcite dans_son

noyau de quartz.
T.

Les analyaes geochimiques indiquent que la phlogopite, la diop-
side et la trémollte etaieht en équilibre durant leur forma-

tion, L'uraninite et la thorianité,forment des grains distincts

1 . - ¥
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et des mélanges microscopiques avec Ia thorite. La variation .
rapide de leurs composﬁtions refldte un déséquilibre durant
leur formation, L'alladite de la zone Matte est enrichie en

terres-rares et. démunie en thorium par rapport A 1'allanite du
-

gneiss 3 amphibole.
' I

La gén&se des gites du dép6t.Yates est ‘relide A la libération
des fluides géné&és par la réaction des minéraux carbonates

avec la silice formant ainsi des minéraux calc—silicates et des
produits volatiles par le métamorphisme de sedimenta detrithues
thorlféres du groupe Grenville durant le métamorphisme régional.
‘Les fluides et les volatiles voyagérent vers des horizons favora-
bles ¥ leur déposition vers 1a fin de 1l'orogéndse durant le soir-
ldvement des roches metamorphlsees. Les fluides ont forme des
pegmatites ou des skarns dependgnt qu'ils ont rencontré soit

des roches qu§r£zofeldspathiques ou des roches riches en miné-
raux calc-silicates. La .présence préférentielle de la thorjia-
nite dans les rocheg\g\}c-silicateé des rédions hautement méta-
morphisées est contrdlée par leur faible teneur en silice qui
iimite la form§tion de "la fhorite. La composition de la thoria-
nite de la zone Camp indique un 3ge de 1.2 x 10° années pour la\

minéraiisation radivcactive., Cette détermination est basée sur

l'équilibre dea produits: de désintégration.
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Introduction

The purpose of the thesis is to study by optical, x-ray

diffraction and microprobe analysis techniques, the thorium-

uranium mineralization and the petrology of a calcite skarn

in the Grenville frgvinée of the Canadian’ Shield, apd to
attempt to improve the model preferenti%lly.prOposéd for
the genesis of this fype of fadiéa;trve occurrenc;. Detailed
investigations of the mineralogy, the petroiogy ané fhe
geoéhemistry seem to indicate tﬁgﬁ the séarns are formed by
metasdmatism coupled witharegional metamo;phisﬁ (Rowe 1952,
Shaw et gi; 1963, Hogarth et al. 1972, Villéneuve l977,i
Kretz personal communication and 1960) rather thanlcontactf
metamorphism (Wilson 1924, Currie 1951), br'Hyd;othe}mal
veins related té pegmatita§ (Eilsworth 1932, Satteriy 1957,
Semenov 1972} or igneous activity (Spencg.1929, Léndeé 1938,
Heinrich 1932). 'This thesis cohcentrates on the‘formation

of radicactive minerals to support the model.* The .Yates

Mine was selected because of its distinctive minéralogy,'

~its exposure above and below ground and its acdeésibility.

1.1 Location
| ‘The Yates Mine cogprises six radioactive ginefal
occurrences known as.the Bélanger, Bélisle, Camp, Ciiff,
Lake and Matte zones (Lang et al., 1962, p. 212); Thesé
are located in lots 18 ana 20 range 1V, and in lots'16,‘
17, 19 and 20 range V of Huddersfield Township—(Lat.
'45°55'N, Long. 76°31'W) approximately 60 miles -(100 km)

northwest of Ottawa (Fig, 1). ¥



y 1.2 Historyﬁ o

During the first half of the present century, phlogopite
was mined.intermkaEntly'from pits 300 feet (90 m.)

- ‘ : : :
... - mouthwest of the Camp zone {Shaw, 1958, p. 39). . The

Trew T

- “discovery of uranothor}te in the pits in 1953 led to .

8 the incorpofation of Yates Uranium Mines Ltd. (Shaw,

1958, p. 39).'lLow ufanium grades caused the cessation

of exploration a few years later (Hogarth, personal' .
qommunication). In 1976 exploration was resumed on the
property, for a short period-by the present owner, [
Groundstar Resources (The Northern Minef, vol.62, no.
36; Nov. 18, (976; p. 23). | The ;Lne‘is well known for
fine .mineral specimens sudg

as apatite, microcline,

salite and sdapolite Sabina, 1970, p: 96).

A

v

1.3 Previous work

A

The first geological investigation of the region was a
reconnaissance survey conducted in 1876 by L.R. Ord ané//[/fﬁ

H;G. Vennor of the Geoiogical Survéy of Canada.a A
geological report was issued in which the local "red~
gneisses and syenites" were placed at the bottom of the
stratigraphic sequenée below crystall}ne.liméstone
(Vennor 1878, pp. 279-280); no map covaring his Hudders-
field Township explorations was ever issued, Vennor
was followed in 1905 by R.W. Ells, also from the Geo-

_ logical Survey of Canada, who described the region as

being characterized by "granite gneiss", crystalline
- ¢

limestone and pyroxenic rocks (Ells 1907, pp. 22-24).

=



He considered these pyroxenic rocks as "intrusives".

Ells' map was published on a scale of 1:253,440 and

acébmpenied the repqrt; De Schmia referrea to the
deposits as "pyroxenitee" {de Schmid, 191é, p. 255) and
he emphasized an igneous genesis for their origin. In
1955 D.M. Shaw described the radioactlve prospects of
Yates Uranium Mine8<Incorpqrated as "skarns" (Shaw 1958

Pp. 39.41). R. Kretz mapped the area on a 1:63,360 scale

'the following year (Kretz 1957, p. 6) and he assigned the

’calc-silicate rocks to the Grenville Group.

Methodology

In 1976,féh area of 5 sq.mf; (13 sg.km.) around the mine
was mapped geologically by pace and compass traverses,

- - :
spaced at 100 ft. (po m.) intervals, for familiarization

purposes. The main zones and the adit of the Yates Mine

were investigated in detail. 120 thin sections and 30
polished thin sections were cut from selected samples
collected during the field work. At least 2,000 points

were counted on each section to determine modal mineral

contents. X-ray diffraction patterns were made of

minerals not identified by optical techniques. A few
selected rock samples were crushed and analyzed for
uranium by neutron activation at Atomic Energy of

Canada Limited.

Individual minerals wére analyzed at Queen's University

by an A.R.L. microprobe (Model 4100) coupled with a

Nothern (N8-880) computer. The probe was operated in

\ A
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the gnergyﬂdispersive mode'wi%h an acceieratiné voliage
of 15 KV and a beam current of 0.04 M. Amp.  The .
coﬁnting period was set at 120 seconds and drift maintained
within 1 percent with a quartz standard. ~The data were
stored on tape and compared later with the standards.
.These were SiO2 for silicon, TiO, for titanium uo, for

2 ' 2
uranium, ThO, for thorium, Al,0, for aluminum, Y metal
for yttrium, RE MIXTURE #3 for lanthanum, Ce metal for
cérium, Pr metal for praseodynium, quﬁetal for neodyniunm,
PbCO; for lead, Fe,Si0, for irom, Mné2 for manganese,
MgO for magnesium, CaA1251208 fpr calcium, NaA181308 for
sodium and KAlSi308 for potassium. The program TAPE
MX2 corrected the data for drift, atomic number, absorp-
tion ahd fluorescence. The accuracy and precision of
each oxide analysis was determined (Table 1). The
precision obviously controls the lowest detectability.
The non-radioactive minerals were analyzed with Dr.

Roeder's Program #2 (Queen's University) which reduced

the data during analysis.

Acknowledgements
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(Yates Uranium Mines Ltd.) and for his comments‘on the
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standards. Dr. R. Kretz pointed out many of the
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the field. Atomic Energy of Canada Limited made the

" neutron activation analyses.

<

i



Table 1-

r
/

Accufacy and Precision of Oxides Analyses with

the Queen's University Microprobe

i 573 -

Precision Accuracy
'Sioz 0.2% 0.2%
Ti0, ' 0.3 0.1
vo, | 0.8 - 0.2
Tho, - o9t - 0.2
21,0, 0.2 : 0.1
Y,0, ‘ 0.3 0.1
La,0, 0.7 0.1 |
Ce203 0.4 0.1
Pr,0, 0.4 0.1
Nd,0, 0.8 0.1
PhO 0.3 0.1
FeO 0.3 ' 0.1
Mno 0.3 | 0.1
Mgo ° | 0.2 0.1
Ca0 0.2 0.2
Na20 0.2 0.1
K, 0 0.2 0.1
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The Geological Setting of the Yates Mine

The Yates Mine is situated in the Grenville Province of the
Pfecambrian"shield, specifically within the Central Gneiss

Béltlof Wynne-Edwards (1972) near its.boundary with the

~Central Metasedimentary Belt to the %Qgtheast {Fig. 1l). The

Central Gneiss Belt is characterized by northwest-trending

-

quartzofeldspathic gneisses; the Central Metasedimentary

.Belt is characterized by northeast-trending marbles,

quartzites, pelitic gneisses and metavolcanics of the
Grenville Group, while the boundary is noted for its

numerous nepheline syenite bodies (Wynne-Edwards, 1972,

p. 313). Kretz (1957 a, p. 1) assigns the metasedimentary
rocks near the mine to the Grenville Group after mapping 6n
both sideé of the boundary in Western.QQébec {Kretz 1957 a,
1957 b, 1957 c). The group extends'a‘short distance north of
the boundary in this area. Thus the mine is located in rocks

either near the base of the group or near the top of the

quartzofeldspathic gneisses.

' Radiometric dating (Rb/Sr) indicates Archean and Aphebian

ages for the rocks within the Central Gneiss Belt (Wynne-
Edwards, 1972, p. 284). This and corrélations across the
Grenyille Front imply that the quartzofeldspathic gneisses
are probably metamorphiq equivalents of thérigneous and
sedimentary rocks in the Superior and Southern Provinces of
the Canadian Shield (Wynne-Edwards, 1972). The Grenville
Group renders Helikilan ages indicating that it is younger
than the quartzofelaspathic gneisses (Wynne-Edwards, 1972,
p. 281). |
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Regional Geology - S S W 7"’::)

-

?he rock types récognized'near the Yates Mine are
amphibole gneiss, blotite gneiss, calc-sllicate rock,
gfaﬂite pegmatité and diabase (Fig. 2). The amphibole
gheiss_is grey to black, medium-grained (average

grain diameter: 2mm) and foliated. It consists of
wide mesocratic bands (metérs) alternating with thin
leucocratic bands (centimeters). The main minerals are
oligoclase (An ), hornblende, quartz and biotite
(Table 2). OligOCIase porphyroblasts, up to 10 cm long
are encountered in a few outcrops. Microcline, apatite,
sphene, hematite, ilmenite and diopside are accessory
minerals. Allanite, monazite, calcite, zircon and
pyrite occur in trace amounts. Biotite displays
pleochroic halos around encloéed grains of allanite

or monazite. Exsoihgion textures of hematite and
ilmenite and of feldspars are common. Veinlets of

calcite and pyrite cut the foliation.

The biotite gneiss is pink to grey and medium-grained
(average grain size: 2mm). It consists of weakly
foliated, Qide leucocratic bands (meters) interlayered
with well fbliated, thin mesocratic bands (centiméters).
Microcline, oligoclase (Anzo), guartz and biopite are
the main minerals (Table 2). Perthitic and antiperthitic
textures are common in feldspar. ‘Microcliné rims
plagioclase.- Biotite forms two intersecting follations
in some outcrops. Boudinage and mylonite are

encountered in quartz-rich layers. The accessory
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Table 2 Modal Analyses of Gneisses near the Yates Mine

.-

Biotite Gneiss Amphibole Gneiss

(30 specimens) (25 spegimens)
Quartz ’ .l 19% (5-35%) 8%- (TR-20%)
Plagioclase s L 34% (10-70%) 45% (13-75%)
K Feldspar 31% (17-60%) 3% (Nil-10%)
Biotite T 11% (2-30%) 6% (Nil-20%)
Hornblende ' 2% (1-10%) 33% (8-60%)
Opaques (Ilmenite, Hematite, 1% (Nil-5%) 2% (IR-5%)

Magnetite, Pyrite)

Apatite' 1% (TR-5% 1% (TR-5%)
Sphene TR (TR~2%) 1% (TR-10%)
Allanite TR (Nil-TR) TR (Nil-1%).
Monazite ' TR (Nil-TR) TR (Nil-TR)
zircon ) TR (Nil-TR) TR (Nil-TR)
Calcite _ k/ Nil TR (Nil-1%)
Calcic pyroxene TR (Nil-5%) TR (Nil~15%)

A

Note: Averages calculated from at least 2,000 point counts per

specimen



12

ta

minerals are hornblende; apatite,'qh}o;ite, magnetite and
pyrite. Hornblende is commonly rimméﬁ‘by Biotite. Chld:ite
"and hematized pyrife‘fgrm veinlets which cﬁt the -

folia%}on. Allaﬁite, monazite, sphene and zircon océur

in trace amounts and are nuclei for pleochroic halos in

biotite. This rock type is commonly cut by dykes and

8ills of granite pegmatite.

The calc-silicate rock occurs as thin concordant layers,
a_few céntimeters to meters thick, and as small lenses,
up to 2 meters long, in biotite gneiss and in pegmatite.
This medium to coarse-grained rock is composed of
variéble proportions of scapolite, salite, sphene,
calcite, actinolite and feldspar. A crude foliation

is developed in a few outcrops.
: ¥

Unzoned granite pegmatite, éomégsed of microcline,

quartz, perthite and oligoclase, occurs as persistant

layers and as small discordant dykes a few

meters long in biotite gneiss and rarely in amphibole

gneiss. At the contacts, the surrounding gneiss may

be coloured pink for distances of up to 3 meters. The

accessory minerals are diopside, scapolite, sphene,

allanite, biotite, hornblende, zircon, pyrite and ‘

calcite. |
"

An east-west diabase dyke cuts the gpéisses and is

traceable for 170 meters. The.contact is exposed in

outcrop only and it is marked by a nmylonite zone.
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Structure . A ’ -

The foliation in the gneisses generally strikes noréh-
west and dips southweét. The amphibolé lineation
plunges gently to £he southeast. This lineation may
repfeséﬁt a southeast plqnging fold axis. The dL&base
is p#rt of aﬁ east-west t;ending dyke swarm in the
Grenville Province (Wynne-Edwards; 1972, .p. 314) whic?/’

probably fills a pre-existing fracture system.

A



14

Pl

' vhe Geology of the Zones

. . s

0f the six aeparate mineralized occurrences included 1n'

the Yates Mine, the Matte and the-Camp zones wereA;;;EEtcd

for aldetailed study, because they were the most accessible and
best exposed depdsits on the prOperty. The mica pits and a
small radioactive pegmatite were also eyamlned (Fig 3,

Fig. 4).

3.1 The Camp Zone
| During active exploration, the Camp zpne was exposed in
an area 900 feet (275 meters) lon and 100 feet ‘
(30 meters) wide (Shaw, 1958, p. 4p). Today, this
occurrence is exposed for 2/3 of its length and 1/2 of
its widfh. T+ consists of a carbonate lens, mantled
by a body of calc-silicate rock, striking northwest
and dipping northeast (Fig. 3). The ¥ore ia composed
mainly of coarse-grained salmon-pinﬁ calcite with pale
green diébside and amber phlogopite. Thorianite and
thocite are found in silicate-rich portions of this
assemblage.. Thorianite occurs as small cubes,
‘ octahedra, dodecahedra, interpenetration cubes with
the (111] axis as the twin axis (Stevenson and
" gtevenson, 1955, p. 107) and as irregular grains.
These grains are normally about 0.1 mm in diameter and

commonly associated with thorite or calcite. When

1
!

found in diOpSide, thorianite is mantled by calcite,
[
and the fractures or cleavages in the pyroxene are

filled by carbonate (Plate 1l). Thorite occurs as

brownish red grains and prismatic crystals of up to
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Fh

Plate 1 Thorianite from the Camp ‘zone

. Thorianite (T) mantled by calcite (C) is
} / embedded in diopside (D). {(Magnification 400 X)

., Transmitted Light

T
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1.5 cm in iength. They frequently contain inclusions
of diopside and calcite. Yello# uranophane occurs as
a secondary coating after thorianite. Beta-uranophane
(Lang et al., 1962, p. 213), legsingite (Robinson and
Sabina, 1953, p. 627) and allanite (Shaw, 1958, p. 40)
have been reported at this occurrence. The Eore forms

veins and plugs in the adjacent calc-silicate rock.

The calc-silicate shell which mantles the core, is of
variable thickness-(centimetefs to metefs) and o?
variable‘coméosition. Commoniy it copsists of
scapolitef-saliteh phlogopite and actinolite. 1Loca11y
this assemblage is replaced by ®iopside and actinolite.
The calc-silicate rock is medium-grained (2 mm) near
thé country rocks and coarse-grained (some crystals'
are up to Q.S meters long) near the coré. White
célcite, norbergite and sphene are found in minor
amounts. Actinolite and phlogopiﬁe are more COMmMON
near the core, and fluorite occurs in trace amounts.
Zoned veins, consisting of scapolit@ and-salitéhggﬁfhe
edges and of phlogopite at the center (Plate 2), cut
the country rocks. At the contact with biotite gneiss,
salite encloses scapolite poikilitically. Calcite is

rimmed by plagioclase near microcline.

'Diamond drilling reveals that the surficial rocks of

N
the Camp zone are underf;in“qY numerous bodies of

‘calc-silicate rock and silidated marble enclosed in

pyroxene-bearing biotite gneiss. The biotite gneiss
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:1f( Plate 2 Calc-silicate vein cutting the countrf rocks

&t the Camp zone.

A phlsgopite core (Co) grades into a scapolite-

pyroxene assemblage at the edge (Scale 1:10)

~ -



overlies amphibole gneiss (Shaw, 1958, p. 40). The
« relationship between the rocks of the Camp zoﬁe and
the country rocks is unclear because of the lack of
exposure. Shaw (1958, p. 40} reports that the zone

forms a shallow syncline.

The skarn rocks at the mica pits are similar to those

of the Camp zone. They commonly consist of a
salmon-pink calcite~rich coarse-grained core or vein
cutting through calc-silicate rock (Plate 3). Sa%}te,
phlogopite and green apatite, as crystals up to ﬁo cm,
occur in the core. The calc-silicate rock is composed
of wvarying propoftions of salite, scapolite, sphene

and phlogopité. The radiocactive minerals'reggrted

from these pits are uranothorite (Shaw, 1958, p. 39)

and allanite (de Schmid, 1912; p. 134). The Purrounding

rock is a pyroxene and sphene-bearing biotite gneiss.

The Matte Zone

The Matte zone is 30 fee£ (10 meters) wide and 600 feet
(183 meters) long on surféce. It is a concordantly
zoned occurrence which strikes northwest and dips 300
southwest (Fig. 4). ?he core consists of coarse-
grained salmon-pink calcite. At the contact, the
calcite core contains rounded blocks, up to 3 feet

(1 meter) long, of médium—grained scapolite-salite-
sphene rock (Plate 4). These blacks are always gimmed

by a layer of coarse-grained calc-silicate minerals

(Plate 5). Deep purple fluorite, green apatite, salite,



Plate 3

The calcite-rich core of a mica pit.
The calcite-rich core (Co) mantled by a
calc-silicate edge (E) cuts the country

rocks (CR). {(Scale 1:40).

21



Plate 4

Rounagﬁ\blocks of calc-silicate minerals
occurring in the calcite core of the

Matte zone (Scale 1:5).

22
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‘Plate 5

23

‘Calc-silicate rim on a calc-silicate block at
etge Matte zone; “Atggarser—grained scapolite-
gsalite rim (R) on a‘scapolite—salite block (ﬁ)
embedded in coarse-grained calcite (C) at the

Matte zone (Scale 1:5).
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scapolite, black sphene, phlogopite,.microcline,
peristerite, thorite, allanite, pyrite and chalco-

{
pyrite occur with calcite. Fluorite layers curve around

crystals of salite. When apatite crystals are in contact

with one another, they are commonly fractured, broken and,

ground. The fractures are filled by carbonate. Similar
fillings: occur 'in fractures and'cleavageélin salite.
Twin lamellae in calcite are frequently bent at grain
boundaries. Thorite occurs as slender prisms which
form penetration twins. (Plate 6). The calcite \
surrounding these crystals is white, forming pockets in
the pink carbonate. Thorite appears to be zoned and
commonly occurs in fluorite and allanite (Plate 7).
Allanite normally mantles feldspars. Stilbite,
heulandite and ceri£e are reported from cavities in the
calcite (Sabina, 1970, p. 96). ©Near the edge of the

core, veinlets of quartz cut calcite and fluorite.

The carbonate core grades into and cuts the adjacent
calc-silicate rock which is composed of scapolite,
salite, brown sphene, white calcite, brown apatite
andlphlogopite. Fluorite, pyrite and molybdenite occur
in trace amounts. This unit is locally banded with
alternating pyroxene-rich and-poor lagers. Quartz
pods rimmed by salite, up to 30 cm in diameter, are
found near the calcite core. Fractures perpendicular
to the axis of the zone age filled with salite

i

(Plate 8). These veins exhibit, in some cases, zoning
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Plate 6 Thorite penetration twins from the Matte
zone.
Possible thorite (Th) penetration twin

surrounded by fluorite. (Magnification 100 X).
Transmitted Light
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Zoned thorite from the Matte zone.

Crystalline thorite (Th 1) occurring in

Plate 7

metamict thorite (Th 2).

(Magnification 100 X).

Transmitted Light



Plate 8

-

“
Salite-filled fractures at the Matte' zones
Salite-filled (Sa) dilation fractures
perpendicular to the axis of the Matte zone.

(Scale 1:10Q).

27
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and inward-facing crystals. The zone is in contact
with pink biotite gneiss at the hanging-wall and with
pyroxene-bearing pegmatite at the footwall. These
contacts are exposed in further detail in the adit.

The Matte éone is penetrated at a depth of 130 feet
(40‘meters) below the surface expression of the vein

by a drift from an adit which cuts througﬁ the hanging:
wall rocks. These are dominantly amphibole and biotite
gneisses which contain small'lenses and layers of
calc-silicate rock that are more common near the zone
(Fig. 4). These lenses and layers are reqularly zoned
with calcite-rich cores enclesed by a scapolite-salite~
sphene assemblage. The gneiss adjacent to the zone
contains abundant scapolite and pyrite. The deposit
consists of a calc-silicate rock enclosing a calcite
breccia. Calcite and fluorite veins cut the underlying
pegmatite. Diamond drilling reveals that the rocks
below the deposit are dominantly pyroxene-bearing gneiss
{Shaw, 1958, p. @l). The Lake zone which is located
2,500 feet (760 meters) along strike, is probably an

extension of the Matte zone (Shaw, 1958, p. 41).

A small zoned radioactive pegmatite is exposed, 400 feet
(120 meters) west of the north end of thé Matte zone,
along an old tractor road (Fig. 4)._ This pyroxene-
bearin%ﬁpegmatite which grades into a coargse-grained
graphic. granite, is‘in contact with biotite gneiss.

The quarfz core encloses a lens of calcite-fluorite-

o
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phlogopite rock with traces of sphene, apatite, salite,
epidote and hornblende (F%g. 5). The radioaqtgve‘gf -
minerals are zircon and allanite. Zircon displays -
euhedral metamict overgrowths surrounding rounded

ay,

cfystalline cores.
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Fig.'s Radioactive pegmatite near the Matte zone
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N
The Geochemistry of the Minerals from the Matte

e

Because of tﬁe variable, and coarse-grained nature of the

deposits, it was for all pracdtical purposes impossible to

obtain fepre;ﬂntative rock samples for analysis. Accordingly

indivfaaﬁlxm herals were analysed by microprobe. The accuracy

and the precision of the analysesg (Table 1) must be borne in

i

mind when considering the results.

4.1 HNon-Radioactive Minerals =
4.1.1 Amphibole [7

i

Hornblende from ah amphibole gneissﬁigngimeh
Sl,ﬁFié. 2) was analysed\to comparé it with
tremolite from the Camp zone (Table 3). ;The
tremolite is depleted in iron, aluminum, titanium,
manganese, potassium and godium, while being
enriched in magneéium and calcium with respect to
the hornblende. The compositions of.the

amphiboles reflect the geochemistry of the

parental rocks.

Apatite

X-ray diffraction, optical data and chemical
analyses (Trzciensgki et al., 1974; Cruft et al.,
196;7 identify the apatite from the Bé}isle

and the Matte zones-as fluoroapatite (Table 4)«
The material for the analysis from Trzcienski

et al. included brown and green crystals, while
the material analysed by Cruft et al. was a large

green crystal ™ The two analyses are similar

and Camp Z20nes .
] L



32

Table 3 Amphibole from the Yates Mine
B
Gneiss (51) Camp Zone (1)
SiO2 : 44.4%
'I‘io2 1.3 0.03%
. A1203 8.2 0.03
(2) FeO 17.4 1.23
Mno 0.3 : 0.05
' MgO 10.6 22.96
cao 11.5 &;%3.01
Na,0 ' 1.6 0.84
K,0 1.3 0.34
(3} ¥ H,0 2.0
Total _ 99.6% 40.49%
(4)  Fe* 47.8$’*\\_h\J 2.93
Ions calculated on basis a) 46 charges a) 46 charges

b) 8 atoms of Si & b) :8 atoms of Si'per
Al in tetrahedral formula .

sites c) all Al octahedral

83 6.70 | B.0O 8§.00 | 8.00
Al 1.30 . 0.00
yg;f’“\ 0.34 1 0.01

- Ti : 0.15 ———
Mg 2.39 | 5.11 4.56 | 4.72
Fe 2.19 . 0.14 '
Mn 0.04 . 0.01
Ca 1.85 ' 2.14
Na 0.47 | 2.57 0.22 | 2.44
K 0.25 0.06

Note: (S51) This study
(1) R. Kretz (personal communication)
(2) All iron as Fe O .
(3) Calculated on“basis of 2 OH per formula of 46 charges
(4) Fe* - (Fe/Fe+ Mgl x 100
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Table 4 Apatife-from the Yates Mine
: I

Tons based on 25 positive charges

Matte (1) B&lisle (2)- Matte B&lisle
uo, : o 0.10% P 2.72 2.96
80, 0.72% o 0.10 | 3.02 -——-]2.98
P,0g 38.26 38.37 si 0.15 0.02
c o, 0.88 2.10 S 0.05 -—-
si0, 1.76 1.07
Fe,0, 0.13 0.04 Ca 4.84 4.82
Y,04 0.15 0.18 Sr 0.0l 0.01
Ce,0, 1.23 0.96 Y 0.01 0.01
La,0, 0.44 0.35 Ce 0.04 | 4.97 0.03 | 4.89
Nd,0, 0.44 La 0.01 | 0.01
Al,0, . 0.03 Nd -— 0.01 >
cao 53.91 53.98 Na 0.05 -——
Sro 0.28 0.27 Fe 0.01 ————
MgO 0.02
MnoO 0.01 F 1.04 | 1.20 0.95 | 1.02
Na,0 0.28 OH 0.16 0.07
H,0 0.29 0.14
F 3.92 3.30

cl 0.02 \\///
. 4

Notes: (1) Source: Trzcienski et al. (1974

’

(2) Source: Cruft et al. (1965)
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éxcept for some ninor elements which may be
impurities. The presence of oxidized iron céhld
be responsible for .the brown color of apatite
from the calc-silicate rock. In both analyses '
cerium is the main rare-earth elemént.

Calcite

Calcites from the core of the Camp zone and from
the breccia of the Matte zone (Specimens Cl and
c3, Fig. 3; specimens_Ml and MS, Fig. 4) were
studied (Table 5). The results indicate that the
Matte calcite contains less magnesium ﬁut

more iron and caléium than the Camp calcite.
Another study of these carbonates -support these
observations (Kretz, personal communication,
Tﬁble 5).

//ghaw et al. (1963, p. 594) demonstrate that there
is a decrease of aluminum; gilicon and magnesium,
coupled with a general increase of gtrontium,

PR
iron, manganese and boron during thé
recrystallization of calcite from sedimentary
limestones to skarns (Table 6). If we apply this
concept to the analyses and assume that the
skarns were deriveg rom paréntal rocks of similar
compositions, the i{?n and magnesium imply that the
skarn is further evoi;éd at the-Maite than at
the Camp zone. However the analyses may also
reflect a difference of.compositiOn“ofafhé wall

rocks.



. Table 5

cao
MgO
Mno .
FeO
Sro
Bao
{2) Fe*

35

-

Partial Analyses of Calcite from the Yates Mine

Camp Zone . Matte Zone .

(2 grains) - {2 grains) " (3 grains)

Cl & C3 - . M1 & M5 Kretz (1)
Average Kretz (1) Average ~ Average
h§\52.3% 56.5% 54.7% 55.1%
1.1 0.78 0.3 0.29
TR 0.09 0.12
TR 0.19 0.3 ' 0.48
D 0.26 D 0.24
0.19 0.20

7.1 12.0 36.2 ‘ 48.2

Ions calculated on basis of 1 cation

Ca
Mg
Fe
Mn
Sr
Ca

L)

0.972 . 0.970 0.988 0.977

0.028 0.019 0.008 0.007
0.0 0.003 0.004 0.007
0.0 0.001 ‘ 0.002

‘ 0.002 0.002

0.001 0.001

Notes: (Cl, C3, M1, M5) This study

(1)

(2)
TR
D

R. Kretz (Personal communication), Analyst: D. Garrett
Fe* - (Fe/Mg+ Fe] x 100 .

Some values above detectability but average below
Detected but not analysed

N



Table 6

Ti
Mn
Sr
Pb
Ba,
Si
Al
Mg

Fe

Notes:

Source:

‘Compositions of Calcites from Skarn Rocks,

Grenville Marbles and Paleozoic Limestones

skarn

average_ of 19

21 ppm

21
1490
2350

22
53
2470
400
4430

3910

fﬁg\\\\

Shaw et al.

' Marble

Average of 10

Limestone
Average of 13

18 ppm 8 ppm
15 41
190 150
300 310
2 _—
42 4
3410 3450
390, 740
34100 7630
1680 970

(1963) p.

593

36
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Phlogope and Biotite

Pale amber phlogopite from the core of the
Camp zone, brown phlogopite from the carbonate
breccia of the Matte zone énd biotite from an
amphibole gneiss (Specimen S1, Fig. 2$ were
analysed by microprobe (Table 7).' The Matte
phlogopite is depleted in magnesium and enriched
in iroA when compared to the-Eamp phlogopite.
These skarn phlogopites contain more magnesium
and silicon, and less titanium, iron and
aluminum than- the gneiss biotite.

P! roxene

Pyroxene coexists with calcite and phlogopite in
the skarns at the ﬁwo localities. The Matte
pyroxene 1is richer in iron, sodium, aluminum and
maﬁganese, and poorer in magnesium with respect
to the Camp pyroxene (Table 8). These plot in
the salite and diopside fields defined by

Tr&ger (1956) as shown in Fig. 6.

A detailed study of trace elements in skarn
pyroxeneé reveal that they contain less chromium,
titanium, nickel, copper, vanadium, zi;gonium,
yttrium, strontium, barium and rubidium than
igneous pyroxene (Shaw et al., 1963, p. 589).
Also the iron content of skarn pyroxenes can be
generally correlated with the intensity of the
green color (Shaw et al., 1963, p. 587). This

generalization applies to the Yates mine



(1)

(2)

Table 7

5i0
1102
AL,0,
Mg~0
MnoO
FeO
ca0O

Na .0

K.,6

2
Total

Fex*

38

Phlogopite and Biotite from the ¥Yates Mine

1

Camp Zone (Cl & C3) Matte Zone (Ml & M5) - Gneiss (Sl)

(Average of 5 (Average of 2 grains} (Average of
grains} 2 grains)
41.9% 41.1% ' 36.7%
Tr 0.4 4.2
10.7 ' 11.1 14.1
27.6 21.1 \> 12.0
0.0 0.0 0.0
1.5 8.4 i 18.4
0.0 0.0 0.0
0.4 0.4 - 0.0
9.4 10.0 9.5
91,5% 92.5% 94.9%
2.8% 18.3% 44.,6%

Ions calculated on basis of 22 charges

Si
Al

Al
Ti
Fe
Mg

Na
K

Notes:
(1)
(2)

Tr

3.98 3.08 2.88

3.06

0.92 0.92 | 4-00 1.12 | 4:00
0.07 0.18
0.02 0.25

555 | 3-09 0-02 1 2.98 0-2313.04

3.00 2.36 1.40

0.06 0.06 _—

005 | 0.93 0 06 | 1-02 o5 | 0-95

All analyses made during this study
all iron as FeO
Fe* = (FPe/Fe+* Mg} x 100

Some values above detectability limit but average
value below
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4.1.6

4.1.7
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pyroxenes, since the Matte salite is much darker
green than the Camp diopside. If this assumption
is also true for the pyroxenes from the

amphibole gneiss, then these much darker

pyroxenes would plot in the ferrosalite or
hedenbergite fields.

Scégolite

Analyses of scapolite from the Matte and the Camp
zones are given in Table 9. The Camp scapolite
{Haughton, 1971, p. 885) is richer in calcium,
carbon and aluminum, and poorer in silicon, sodium
and chlorine than the Matte scapolite (Shaw et al.,
1963, p. 582). A partial microprobe analysis of
scapolite from the Matte zone (Table 9) differs

in calcium and sodium contents from the

previously reported analysis which is explainable
by chemical variations within the deposit or,

perhaps, within a single crystal.

Sphene .
Sphene was gEﬁdied_from the Matte zone, the
radioactive pegmatite and an amphibole gneiss
(Specimens M1, M5 and Pl, Fig. 4; specimen S1,
Fig. 2). The compositions of skarn and pegmatite
sphenés are remarkably alike but richer in

aluminum and poorer ‘in titanium than the gneiss

sphene (Table 10).
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Table 10 Sphene from the Yates Mine
Matte Zone (M1 & M5) - ' Pegmatite (P1) Gneiss (51)
Average of 2 grains a
540, - 30.4% 30.3% . 32.8%
710, 30.0 29.6 '36.8
A1203 5.6 5.6 1.9
Cao 27.7 27.5 27.6
Mgo 0.3 0.2 0\5
(1) FeO - 1.5 1.9 1.0
' Na20 0.0 0.2 ' 0.0
Total 95.5 95.3 100.6

Ions calculated on basis of 5 oxygens

si

Ti
Al
Mg
Fe

Ca
Na

Notes:

1.00

0.74
0.22
Qﬁfl
0.04

0.98
0.00

(1) all iron as FeO

1.

00

1.00 1.04
0.73 0.88
0.22 | 1.01 0.07
0.01 | 0.02
0.05 ‘ 0.03
0.97 | 0.98 0.94

All_énalyses made during this study

!
!

1.00

0.94
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General Considerations

Although tﬁf distribution of' iron with respect to
magnesium in miniij&g\fhopld be considered following

the equation K4 = %2 (l—xb) wh#}e x? and x° represent

| TI5x3T =0
Fe2+ and Mg2+, an attempt is made éo qualify the chem-
ical zoning within the skarn by using Fe* ratios which
include Fe3+. -Bearing in mind the‘éhemical analyses,
sWe can observe the following:
1) Fe* ratios (Fe*=Fe/FetMg x 100)

a) Fe*9calcite> Fe* diOpside> Fe* actinolite > \Q\
Fex* phlocjbp;te in the core of the Camp zone, ta
Fe* calcite> Fe* salite> Fex* phlogopite in the )
carbonate breccia og the Matte‘zone"and Fe*
hornblende > Fe* biotite in the amphibole .gneiss.

b) Fe* calcite / Fe* diopside from the Camp zone
(1.42)X Fe* calcite / Fe* salite from the Matte (
zone (1.14), \Fe* diopside / Fe* phlogopite of
the Camp zone/él.79) z Fe* sdlite / Fe*

-
phlegopite of/the Matte zone (1.73) and Fe*
phlogopite / Fe* éctinolite of the Camp zone
(0. ¥ Fe*‘biotite / Fe* hornblende of the
amphibole.gneiss (0.93). These Fe* ratios do
not agree with those that R. Kretz found in
skarns ‘minerals o% thEJGréﬁ;Elle Province. He

\ ,
found Fe* px/Fe* ahphibole: 1 and Fe* amphibole

i .
/ Fe* micax 0.6. But if weé calculate x° (l—xb)
. [(l-xa) xD

values we obtain similar values to those computed



| RN

by Kretz in 1970 for gneisses.

"

=]

cﬂ£>Fe* biotite from the aﬁggngie gneiss > Fe* phlogo-

pite from, the Matte zone> Fe*.phlogopite from the
d) F e minerals from'the Matte zone > Fe* of the
minerals from the Camp zone.

r
2) The Me’content of the scapolite from the Camp zone> Me

content of the scapolite from the Matte zone
3) The compbsitions of the sphenes from the radiocaqtive
(/f\\\pegmatffé/;:d the Matte zone are similar.
These observations may indicate that:
| 1) a) Iron is pfeferentially concentrated to magnesium in
the carbonéig.with respect to the silicates.
b} Equilibrjium possiﬁly exists between the silicates
but not between tﬂe carbonate and the icatgs.
The relative avaiiébility of the elements 18 con-
trolled by the rates of me£asomatism and nucleation.
The silicates are formed by similar reactions whose
rates and sequence are controlled by the geochemical
ehvironment at a specific time. The carbonate
formed under different conditions at a later time.
c) The availability of the elements depends on the
chemistry of the parental rocks. g
2) The Me content of scapolite also reflects the chemistry

‘of the parental rocks and on the rates of metasomatism

: _;zf elements.
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Q 4.2 Radioactive Minerals

4.2.1

Allanite

Allanites from the Matte zone and an amphibole
gneiss were analysed (Table 1L specimen S1, -
Fig. Zwénd specimen M1, Fig. 4). The Matte

zone allanite contains more rare-earth elements,
magnesium and silicon, and 1less ,
aluminum, iron, titanium and thor%ym than_tﬁe:
gneiss allanite. In both cerium is the'main‘ 
rare-earth element. The Matte zone allanite

has twice the rare-earths content of the amphibole
gneiss allanite and'arsimilarenrichment‘ in
thorium in the Matte zone allanite might be
expected, since thorium behaves similarly
geochemically to the cerium family of rare-

earth elements (Gabelman, 1977). The occurrence
of thorite as inclusions in allanite from the
Matte zone offers an explanation for its low thorium
content. The earlier nucleation of‘thorite
depleted the concentration of thorium in the
geochemical environment for the formation of
allanite.

Thorianite

Seventeen grains of thorianite were analysed from
two localities, 10 meters apart, at the Camp

zone (Specimens Cl and C3, Fig. 3). The

average composition of these grains is a



Table 11 Allanite from the Yates Mine
Matte Zone (M1l) Gneiss (S51)
~
!
Sio2 "34.3% 32.9%
TiO2 0.0 1.0
ThO, 1.2 = 2.1 3
A1203 16.9 19.9
Lazq3 6.0 ’ : 3.0
Ce203 9.9 5.2
P;ZO3 3.2 1.5
- Nd203 2.5 1.6
(1) Fe203 0.4: 7.0
(1) FeO 8.8 10.0
cao 13.2 . 13.5
T go 1.5 0.5
(2;::520 1.6 1.8
Total 1 99.5% 100.0%

Notes:

3+

Ions based

Si
Al

Al

+
Fe3

Fel’
Mg

Ti

ca
Ce
La
Pr
Nd
Th

Matte

3.17
0.00

1.84
0.03
0.68
0.21

0.00

1.31
0.34
0.20
0.11

0.08
0.03

47

on B cations
zone Gneiss

3.17 2.91
0.09

< 1.98
0.47

2.76 0.74
0.07

0.07

1.28
0.17
2.07 0.10
0.05
0.05
0.04

(1) Fe and Fe2+ calculated on basis of 25 charges and

8 cations

(2) calculated on basis of 1 OH per formula

All analyses by microprobe, made during this study'

3.00
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: uranian thorianite (Table 12). The grains are

1
generally speckled with microscopic inclusions
which explains the presence of at least some of
the silicon, aluminum, iron and calcium in the

analyses as impurities. X-ray diffraction patterns

y

e
{/,/and mlcroprobe analyses indicate that uraninite

Occurs as blebs near thorianite and thorite. The
Th/U ratios of the 17 grains analysed glve two
population maxima (Fig. 7). Assumlng that sampling
has been sufficiently complete, these'peaks suggest
that uraninite ang thorianite occur as distinct
species at the Camp zone with limited interspecies
solution (Table 13). Locally, the nucleation of
thorite may “have hindered the formatlon of

F thorianite. Little variation exists between the )
cores and the rims of uraninite and thorianite \
(Table 14). The rims are generally richer in
silicon and have a higher Th/U ratio than the cores.

This indicates an increase of impurities with -

/

possibly the formation of sebondary uranium silicates
and leaching of ufanium because of jits oxidation to
the hexavalent steﬁeziﬁ}é; Gabelman, 1977) at fhe
riﬁs. Calcium m;y be considered, either as an
impurity because calcite is embedded in uraninite
anq‘thorianite, Or as a constituent because it
replaces uranium in the uraninite structure (Morton
and Sassano, 1972). Compositions plg§ close to a -

1.2 by line (Fig. 8) in the uraninite and thorianite
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Table 12 Thorianite from the Yates Mine
Camp Zbne (Cl & C3) Camp Zone BElisle Zone
Average of 17 grains (1) (1)
/}
. U404 ———- 36.8% 25.0%
(2) uo, 37.8%
~ Tho, 44.1 - 40.1 55.5
(2) CeOz‘ 1.5
8102 1.7
) Pr203 Tr
?’ - Rd,0, | 1.5
A1203 0.4
PhO ‘ 9.1 6.8
Cao 2.0
MgO 0.4
.. (2) Feo Tr /
Total 98.5 87.3
! Molar U/Th 0.84 A 0.43
Ions calcufﬁted on basis of 1 cation
4] 0.38 0.41 0.27
Th 0.46 0.49 D.64
Ce 7 .0.02(0.99 ---—- | 1.00 ~===11.00
) Nd 0.02 | — ——-

Pb 0.11 0.10 0.09

A

Notes: (Cl, C3) This study
R (1) Source: Robinson and Sabina (1955)
(2) Assumed Valencies of U, Ce and Fe

Tr Some values above detectability but average below

.



-

No. of samples

£~
1

b

-~

N

0 . — . —_— .
0.5 1.0 1.5 20 2.5 Thiu .

Atomic Ratio

Fig. 7 The distribution of Th/U ratios in thorianite

from the Camp zone

./7 7—- T,

p—



Table 13

(L) uvo

(1) Ceo

Cal
MgO
{1) FeO

Total

51

Uraninite and Thorianite from the Camp Zone

Uraninite Thorianite
(Average of 9 grains) (Average of 8 grains)

44.4% 30.5%
36.9 52.3

1.6 . ‘ 1.4

1.4 o 2.0

Tr Tr

1.6 1.5

0.4 0.3,
9.4 B.7

2.3 1.7

0.4 ' ' 0.4

Tr ‘ ' Tr
98.4 : 98.8

Ions calculated on basis of 1 cation

U

Th
Ce
Nd
Pb

Notes: {1)

- Tr

‘All

0.45 . 0.31
0.38 0.54
0.03 {1.01 0.02 | 1.00
0.03 - 0.02
0.12 [ 0.11

Assumed Valencies for U, Ce, Fe

Some values above detectability limits but average
below

analyses by microprobe, made during this study
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_Table 14 Analyses of Cores and Rims of Uraninite and
) Thorianite from the Camp Zone

<+

Uraninite-Thorianite Thorianite
Core Rim Core Rim
(1) vo, 40.3% : 37.2% 33.4% . 29.7%
ThO2 39.1 39.4 50.2 53.5
{1) CeO2 l.8 1.3 1.3 1.4 f
Sio2 1.4 2.9 1.4 2.3 -~
Pr203 0.4 Tx Tr Tx
Nd203 1.6 2.1 1.4 1,
A1203 0.5 0.4 0.3 0.
PbO 9.8 9.3 8.6 8.5
CaoO 2.5 2.9 1.7 1.3
Mgo 0.3 /0.3 0.4 0.4

f"
(1) FeO TE E - Tr Tr SN

Total 97.7 94.8 98.7 98.7
Molar Th/U 0.98 1.10 1.53 1.8

o

Ions calculated on basis of 1 cation

U 0.41 0.39 0.34 0.30
Th 0.40 0.43 0.52 0.55
Ce 0.03 | 1.00 0.02 11.00 0.02 |1.01 0.02]0.99
Pr 0.01 0.00 0.00 0.00
Nd 6.03 0.04 0.02 0.02
Pb 0.12 0.12 0.11 0.10

" Notes: (1) Assumed Valencies for, U, Ce, Fe

TR  Some values above dete

ability limits but average
below

All analyses by microprobe made during this study
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fields (Appendix 1). The variation of the
molecular compositions of the minerals is
tremendous (Fig. 8) considering that thorianite
is a few mm away from uraninite (Appendix 3;
grains laa from the same slide). This probably

reflects disequilibrium during their formation.
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Thorite .
The thorites from the Matte and the Camp zones can
be referred to as uranothorite (Lang et al., 1962,
p. 48) since they contain more than 5 percent uranium,
{Table 15). These analyses represent uranothorites
from two different localitiles froﬁ both zones
(Specimens Cl and C3, Fig. 3; specimens M1 and M5,
Fig. 4). The Matte uranothorite‘contains more
uranium, calcium and lead, and less silicon and
' cerium tﬁan the Camp uranothorite. In both
uranothorites, cerium is the main rare-earth element.
A few thorite analysés (Appendix, 4) had low concen-
trations of silica and they probASly represent
mixtures of thorianite and thorite. ‘These grains
generally show wide variations of tbgif/éilica
zcontent compared to the other urano£horites which
show little if not no variations. Analyses of
Robinson and Abbey (1957) of uranothorites from
other localities in thé Grenville Province listed
in Table 16 show that uranothorites from calcite
skarns arelgenerally richér in rare-earths than
uranothorites from pegmatites and d}anites. The
Yates mine uranothorites are also rich in rare-

earths (0.6 -~ 1.0 RE) and therefore agree with

this generalization.

"

s



Table 15 Uranothorite from the Yates Mine
Matte Zone {M1l & M5) Camp Zone (Cl & C3)
(Average of 12 grains) (Average of 6 grains)
ThO, 58.7% 59.3%
uo, (1) 8.4 5.7 .
10, 16.4 18.4
Ce,0; (1) 0.6 ‘ 1.0 }
PbO Tr Tr y
r (f
Nd203 Tr . Tir%’“ﬁ
A1203 0.3 1_4“ .3
PbO 3.9 3.2
Cao0 ' 4.4 ~ 3.3
FeO (1) 0.6 0.5
‘ 93.9% 92.4%

Tons calculated on bBasis of 1 Si Al

si 0.98 Sféa\

Al ' 0.02 | 1-00 0.02 | Tv90~
Th ~ 0.80 0.71

u ©0.11 ' 0.07

Ce “ 0.01 0.02

Nd 70,00 | 1.26 0.00 | 1.04
Px " 0.00 P 0.00

Pb 0.06 ) ' 0.05

ca- ~ 0.28 . 0.19

Notes: ;All analyses by microprobe, made during this study

(1) Assumed Valencies of U, Ce, Fe
Tr Some values above detectability limit but

average below

56
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4.3

—_

~

ﬂbabbroic source rock. The urarmium content of the

Neutron Activation Analyses \\\L /)
Three rock samples were carefully sé i;ted to be free of
uranium-rich minerals and were submittdd to Atomic Energy

of Canada Limited for uranium analyses by neutron M~
activation. The samples are an amg?ibole gneiss, a pink
biotite gneiss near the Matte zone and the calcite core
of the Matte 2one (Table 17; Specimen s1, Fig. 2:
Specimens M4 and Ml, Fig. 4). The uranium contents of

the calcite core of the Matte zone is much higher than

those reported for sedimentary carbonate rocks and i)

" marbles by Rogers and Adams, (1969). Marble generally

contains less uranium than sedimentar§ carboqate rocks,
indicating that metamorphismltends to<1;wer t;e ufaniungil
contents in rocks (Rogérs and Adams, 1969, p. 92 N-1)
by remobilizing it té more favorable enviroﬁment of
deposition. The amphibole gneiss also indicates an
enrichment of uranium with resp®ct to a hypothetical

'
biotite gneiss is within the acceptable norms reﬁorted
for Precambrian granites (2-6 ppm). The enrichment
"of uranium in the Matte zone and in the amphibole ®
gneiss can be explained, either by intrusions of
pegmatites and granites into sedimentary rocks,lor
by fegional metamorphic processes which“would have
mbbiliéed the uranium in a sedimentary rock and caused
it to migraté into the skarns and amphibole gneisses

wof the Yates mine.

{

\~.



Table 17 Uranium in Rocks from the Yates Mine and from
gelected localities
L] {\
o
- e
This study (1)
\ - -Ccaléite core Matte zone (ML) 17.3

aAmphibole gneiss (81) (\\ 8.9
<

Biotite gneiss near Matte
.zone ($2 ‘ 2.5 N I

y" . o

1T

Rogers and Adams (1969}

Carbonate rocks 2.2 {0~7)
Shales f’**"// e 3.2 (1-6)
Greywacke \\J 2.1
Marble (Grenville Province} 0.4 /ﬁ\’
Gneiss | 2.8
Biotite Hornblende Schist | 4.7

- Granitic rocks (Precﬁmbrién) 2.2 (2-6)
Gaﬁégggp-rocks- : ’ 0.8 (0.1-1.5)

Roscoe (1969) | f/

Radicactive conglomerate J' 16.9 (16.9-15,000)

(Elliot Lake) -

451\“ \d{ //” subarkose (Elliot Lake) o (5.0-13.0)
. y ‘

i

) Note: . (1) Neutron activation analyses by.Atomi? Energy of
"\ ’

Canada Limited, ' /\

~
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4.4 General Observations

Data can be summarized as follows:

1)

2)

3)

4)

5)

Radicactive minerals at the YateévMine are generally
thorium~ and cerium-rich.

Allanite from the skarn is richer in rare-earths

and poorer in thorium than the allanite from the
amphibole gneiss. Also it contains numerous
inclusions of thorite.

Thorianite includes poikilitic impurities (probably
calcite, quartz, diopside), varies compositionally
from thorian uraninite to uranian thorianite, is in
contact with thorite or calcite and occurs as minﬁte
inclusions in thorite at the Camp zone. &
Thorite froﬁ the Camp zone contains less uranium
than the thorite from the Matte zone.

Calcite bearing skarn is richér in uranium than the
regional\fmphibole gneiss, which in turn is richer
in uranium than its sedimentary protolith (the
average graywacke of Table 17), Biotite gneiss
contains considerably less uranium than the

amphibole gneiss. o

These data suggest:

1)

2)

The source rock was anomalously high in]thorium and -

cerium rare-earths since these elements tend to
migrate togétﬁer (Gabelman, 1977).

Allanites from amphibole gneiss and skarn were
formed under different conditions and'at the Matte

zone the thorium content was . apparently depleted



3)

4)

> \\\#Jj 61

P

}

The nucleation of thorite after thorianite and/or

by the development of entrapped thorite.

possibly the formation of thorianite itself depleted
——
the thorium supply which led to the formation of

uraninite. The rapid variation of the molecular
composition probably reflects disequilibrium
conditions.

The uranium - and thorium - bearing metasomatic

fluids reacted dominantly with carbonate rocks, or

rocks that had been derived from them during
\

metamorphism.
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The Genesis of the Yates Deposits

The occurrence of radicactive and/or molybdenum-

bearing skarns (Satterly 1957, Vokes 1963, S:ig/gg al. 1963,
Kretz personal communication) or vein~-dykes /{Ellsworth 1932,

Hogarth et al. 1972) or apatiteibhlogOPite occurrences

i
(Semenov 1972) are widely distributed in space and time
T .

(Aldan and Slyudy;;?a7~U.S.S.R., Archean; Saskatcheﬁén,
Canada, Aphebian; Ontario and Québec, Canada, Helikian;

Ceylon, Cambrian; Madagascar, Cambrian). The occurrences in

A

_the Grenville Province of Ontarlo and Québec have been @

considered as igneous dykes (gpence 1929, Landes 1938,
Heinrich 1966), as hydrothérmal veins related to pegmatites
(Ellsworth 1932, Satterly 1957, Semenov 1972), as products

1 1 . .
of contact metamorphism (Wilson 1924, Currie 1951), and as

products of regional qgtémorphism coupledl with metasomatism
(Rowe 1952, Shaw et éi. 1963, Hogarth et al. 1972, Villeneuve

1977, Kretz.personal communication and 1960).

5.1 Geological Characteristics

The model proposed for the formation of the Yates

ékarns should explain aﬁservations made at the mine and
perhaps also at similar occurrences. The mine is
jocated within a sedimentary pile which has
been metamorphosed to the upper amphibolite or granulite
facies (Wynne-Edwards, 1972) and intruded by granitic,
syenitic and gabbroic plutons and diabase dykes. The
deposits and other calc—silicated}ayers and 19n$es are
interbedded with quartzofeldspathic biotite gneiss and

amphibole gneiss. These gneisses contain trace amounts

®
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of apatite, monazite and zircon, The alteration of
hornblende to biotite, of biotite to chlorite and of
feldspar to epidote, and possibly also the occurrence

of calcite, pyrite and chlorite veinlets indicate that
.the gneisses were affected by retrograde metamorphism.

A radicactive pegmatite occurs near the Matte zone. The
pegmatite is zoned aﬁd contains a calcite-fluorite lens

in its quartz core.

The deposits of the Yates mine are mineralogically zoned;
they each possess a calcite core, with or without fluorite
and apatite, which grades into and locally feplaces an
enveloping pyroxene-rich zone, with or without scapolite,
phleogopite and sphene. Each assemblage is also zoned
with respect to grain size; the outer edge is finer-
grained than the inner edge or core. The deposits appear
to be generally concordant with the gneisses, but are
logall)y discordant. Similarly zoned caliygziicate veins
I{/’occur'adjacent to the deposits filling dilateé}f{é&tures
and cutting the country rocks. Some of these veins
contain voids and inward-facing crystals. The mineralogies
?nd the textures of the cores of the deposits reflect
| he abundance of volatiles (co,, F, P,0g) during the
'ffjﬁp;forming process arid their mobility during or after
their formation (blocks of calc-silicate embedded in a
calcite matrix, ground and broken crystals of apatite,
calcite filling and replacement along fractures and

£

cleavages in minerals, flowing of fluorite layers around T

£
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A}

pyroxene porphy;oblasts, bending of twin planes at the
rims of calcite grains). The.radiocactive minerals are
generally concentrated at the transition between the
cores and the edges. Thorianite occurs as discrete
crystals, sometimes accompanied by uraninite, as
inclusions in thorite and in contact with no silicate
other than thorite. Amphibole locally replaces pyroxene.
Lenses. of quartz occur within the calc-silicate
assemblage. The very coarse-grained nature of the
deposits is charagteristic of pegmatites. Calcite,
pyroxéne, phlogopite, amphibole and epidote (allanite)
are ;ommon to both the skarns and the nearby marbles
suggesting that these two rock types may ha‘ﬁpbeen

formed under the same thermal regime (Kretz, 1960).

The geochemistry indicates an enrichment of uranium and
thorium in the deposits in contrast to the norms for
marbles.and sedimentary carbonate rigké; This enrichment
is preferentially localized in the skarns. Constant

Fe* ratios between pyroxene, phlogopite and amphibole,
and the decreasing intensity of the color of pyroxene
from the edges to-the cores of the deposits suggest a
variation of iron with respect to magneéium in the
compositions of these silicates. Thgse minerals tend

to develop 1owér Fe/Mg ratios towards the core qf the
deposits. The color of calcite grades ffom white at

the edges to salmon-pink at the/pq@ and this-indicates

that the iron content increases towards the core
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(Shaw et al., 1963). The Fe* ratios suggest that a
possible local equilibrium exists between the silicates

but not with calcite. The trace element contents of

pyroxene and calcite from skarns differ from those of

igneous pyroxene, sedimentary and metamorphic
(Shaw'gg al., 1963). Pyroxene, phlogopf%% and calcite
from the Matte zone are richer in ifon and poorér in
magnesium than the same ﬁinerals from the Camp zone:
this may reflect more intense iron metasomatism at the
Matte zone, or a difference/{n geochemical environment.
Fluoride and phosphate complexes’méy have been:vehicles
of metasomatic transport as e&idenced by the abundant

fluorite. and fluorapatite at the Matte zone.

Elsewhere stable isotope’ ratios have beeﬁ determined
from vein-dykes or skarns. Powell {(1965) demonstrated
that strontium i;otope ratios in‘véin-dykes from the
Bancroft‘a;éa are intermediate Between sedimentary
limestones and carbonatites {Fig. 9@). Currie t1951)
found carbon isotope ratios for a marble and a vein-
dyke from southeastern Ontario to be similar, thereby
excluding the possibility of igneous or hydrothermal

origin for the carbon (Table 18).

The parameters of formatidn of skarns in the Grenville
Group can be estimated by considering the formation of
marbles, which have similar mineralogies, and associated

rocks in the group. Measurements made with a
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Cit/CY RaTios.

Type of material Values of Ci2/CW
1 Meteoric carbon 89.5 to 92.0
2 Ipneous carbon 89.0 to 90.2
3 Calcium carbonate from limestone 87.9 to 89.5
4 Pink caicite from North Burgeas Twp. B84.90 {40.1%
5 Limestone from North Burgess Twp. 85.02 (£0.15%)

Values 1. 2 and 3 as given by Rankama (12, p. 204). ]
Values 4 and 3 from analysis by J. Macnamara, McMaster Univeraity, Hamilton, 1950,\.3

-

Table 18 = Carbon isotope ratio from a

vein-dyke {Currie, 1951).

I
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sphalerite geobarometer at four localities in southeastern

Ontario and adjacent western Québec indicated pressures

ranging from 4.75 to 6.0 Kbars ring the metamorphism of the
group (Ewert, 1977). The nearest loca ity to tBe Yates mine,

the New Calumet mine, indicated pressures of 5.5 to
6.0 Kbars. If these values are applied. to the rocks
near the Yates mine, they imply burial depths reaching
20 to'22 km. Hutcheon and Moore (1973) measured
temperatures in marbles of the amphibolite facies in
southeastern Ontario ranging from 400° to 597° c. by

the calcite-dolomite geothermometer. Ewert (1977) -

using the same geothermometer and invariant points

estimated temperatures of 540° to 630° c. for pyroxene-:

bearing marbles also in southeastern Ontario. He
demonstrated that the presence of chondrodite limits

the partial pressure of Co, to a maximum value of 0.25.

The Model

The model proposed for the formation of the Yates mine

must also account fo; the genesis of similar vein-

dykes or skarns. The minéralogical differences between
the deposits are caused by the chemistry of the couﬁtry
rocKs (Hogarth et al., 1972) and by the typglé%d degree

of metasomatism and remobilization.

The sequence of events leading to the formation of the
Yates deposits have begun by the introduction of uranium

and thorium in the basin as resistate minerals such as

L2



- . 69

v
- .

possibly uraninite, thorianite, monozite, thorite, e
allanite, zircon and apatite, as precipitates such as coffinite
and as absorbed ions during the deposition of the arkosic,
psammitic, pelitic and carbonate sediments of the Grenville
érouﬁ. A partial senaration of uranium and-:thorium may
occur during. sedimentation because fhe precipitates are
dominantly uranium mihegals and the resistates are

commonly thorium minerals. Differentiatibn would
necessérily occur during diagenesis since water, being
expelled from the ‘sediments because of the loss of

pore space, would transport uranium as U6+in soluble hge
complexes at low temperatures and pressures (Gabélman, 1977)
while thorium remains immobile. In this form uranium could-

migrate along fractures and through pore spaces in

sedimentary rocks to favorable horizons of deposition.

bDuring prograde metamorphism clpy minerals recrystallize

to- micas and finally to alumijous silicates producing

water which may be expelled from the rocks since the

specific volume of water ncreases.with increasing
temperature and pressure-( orris and Henley, 1976)
leading to hydraulic fracturing of—the rocks. If a
volume of rock follows a gath as described by Norris

( and Henley (1976) during metamorphism (Fig. 10},
water could escape during prograde metamArphigm and in
the éérly stages of uplift. During prograde

metamorphism, impure carbonate rocks produce C02,

following the general reaction: carbonate minerals
N
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2
(fﬁb;e 19). - At the peak of metamorphism, métasomapism

of elements such as silicon can occur over short

% .
5

distances near contacts of carbonate beds with tﬁé

surrounding rocks., Thus thin carbonate beds could be
extensively silicated. At temperatures of 600°C. and
pressures of 4 to 5 Kbars, uranium, thoriuﬁ and N

rare-earths form soluble salts (fluorides and chlorides)

and complexesi(Gabelman, 1977) after the.decomposition

of resistate minerals such as thorite, allanite, monazite, _

{

- )

thorianite and apatite. Thus the resﬁltant metamorphic
fluids, rich in volatiles,” actinides and lanthanides may
be retained at depth until the early stagés of uplift

(Norrisgéﬁg—ﬁéhley,‘1976).

1\
During early stéges of. uplift of the metamorphosed.
sedimehts, the metamorphic fluids expand and migrate
along fractures and weak planes because of the relkase
of the overlying pressure. When theffluids encounter

quartzofeldspathic rocks melﬁing may occur to form

pegmatites. Should the-fluids encounter carbbnate or

.calc-silicate rocks, such rocks may be mobilized and

Y

calec-silicate minerals may form with an accompanying
increase in CO, partial pressure. With the depletion
of silica;icalcite, calcium fluorides and phosphates

crystallize. The reaction of thorianite
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\_/‘\f Table 19 - Possible Reactions Involved in the Formation of

a

Minerals of Calc-Silicate Rocks at the Yates Mine -~

1 ) Dolomite . microcline * water 2 phlogopite + calcite + CO2

3 CaMg (CO5) ¢ K ALl Si;0g+ H,0 2 K:Mg Al 5140, (o§)2+

3 Ca CO3+ 3 CO2 . . bt
{’;’-a.aéa- . e . @
2 ) Dolomite + Quartz+ Vater @ Talc Calcite + CO, ' . .

e 3 Ca.Mg (p03)2.+4 $10, + Hy0 & Mg3Si 0, (QH) , + 3 CaCOy + 3CO,

b , 3a) Talc + Calcite + Quartz : MTremolite' +.C02 + Water f

5 Mg3S:L_4Olo‘§OH)2+ 6Caco, + 59‘32675 2 Ca2MgSSLE},022(OH)2+

| 6 CO,+ 2H,0 o / | _
) 3b) Dolomite . Quértz + Wai/:;ex; 2 Tremolite Calcite + CO2

5 CaMg (CO3) ot 85:|.O2 + H2 ,-DCa::%:gSS:LBOzz '(OH)2+ iCaCO3+

K

7 €O, . - ]

4a) Tremolite. Calcite . Quartz » Diopside s CO,+ Water

c§g§1g5518022 (OH).2+ 3 CaCoy+ 2510,z 5 CaMgSi O+ 3 CO,+

‘ : ) K]
4b) Dolomite + Quartz : Diopside~+ CO, -

CaMg y . o - :
aMg (co3)2f.2 si 0,2 Ca Mg SijO¢+ 2c0,

-

—

5 ) Calcite+ Plagioclase & Scapolirte
' L)

.

Sizo > Ca,Al_.Si O

aco g & Ca AleSic0,,(CO5).

3+3 Ca. Al

2

0 6 ) Calcite+ Rutile+ Quartz 2 Sphene+ CO%'
Caf03* Tl.O2 +‘SlO2 ;_“ Ca ’I‘i'5105+ C_02

MR . \ o )

e 1

7, Tho_riani‘E'é+ Quartz = Thorite

"1h02+ S:LO2 = Th 51 04 - . f' : . i
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with silica producing thorite may or may not go to
completion d%pendinq on the available silica. The
fluids become progressively depleted in thorium by

the nucleation of thorianite, and enriched in uranium and
rare-earths which may form discrete uranium and RE minerals
depending on sufficienc concentration. In the final
stagee a high co, partial pressure may cause the
fracturing‘end replacement of existing minerals and ‘~.,
veining such as at the Macte zone. In this fashion
fluids, originally rich in water and capable of
generating very coarse—grained quartzofeldspathic

rock, become progressiVely enriched in CO2 forminy.
calc-silicate minerals and carbonates. This theory may
explain the almost simultaneous formation of

syenite pegmatites, pegmatites with carbonate cores

and vein-dykes, aided by the release of volatile
components generated during high—grade_regional
metamorphism of a sedimentary sequence. It alsoc may

explain the preferred occurrence of thorianite in-

_calc-silicate rocks which lack the silica supply of

pegmatites (Appendix 2).
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Appendix 1 The Uraninite—Thorf%ﬁite Solid Solution

The minera_ll names uraninite and thorianite are; generally used to denote
the uranium-and thorium-rich end-members of the uraninite- -
thorianite solid solution (Palache et al., 1944; Lang et al.,

1962; Rogers and Adams, 1969). Uranlum igsotopes decay more

rapidly to lead than the main thgrium isotope (02385 life = -
5 .

4.5 x 10° yrs, u2353 1life= 7.1 x 10% yrs, Th?3%) life-

1.39 x 1010 yrs; Rogers and Adams, 1969). For this reason- the -

analytical data do not correspond to the original coméositions

of the minerals at the time of their formation. . It could be

argued that non—radiogeﬁic leachPb204l is incorpofated in larée
concentrations in minerals. Howeverh}n ovér one.hundred determinations
of lead isotopes from uraninite andAthoriénite repor}gd infhe]iuﬂatun;
non-radiogenic lead represenFs less than 0.25 percént of the

total lead content in more than 90 percent of the analyses

(Collins et gl;, 1954; Zykov et al., 1961; Choudari et al.,

1967; Koeppel, 1968; Roscoe, 1969), and in one case only did it
eéxceed 1 percent of the total lead content. Thus for practical

purposes, radiogenic lead is the only lead present in uraninite

-

and thorilanite.

Thus considering the variations of the decays and the ratios of

uranium, thorium and radiogenic lead isotoégs, it is possible

to construct a tfiangulaf diagram which expresses the.éghgqgi;ion
of uraninlte —thorianite minerals by the molecular prdportions
of .UO, ThO2 and PbO c0mponents {Fig. Al). Tbis diagram can b

subdivided fj}o the uraninite and tﬁbrianite fields t'hne '
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considering the compositional variations of the boundary witth
respect‘?o ti e. pitchblende, a crypt crystalline variety of

uraninite which contains low concentra ions of thoriudm and rare-

earths, generally plots in a narrow fie aLOng the Uoz—PbO line.

In the diagram (Fig. Al), the steeply inclined lines represent

the variations in compositions of minerals with respect to time,
~and the subhorizontal lines represent the uraninite-thorianite

solid solution formed at a specxficageological time. The

varf%tion in composition can be illustrated by an chhean

uraninite (2.5 b.yrs. old) which shows an increase of Th02/UO2

ratio with respect to time (Fig. Al). nge estimatee from the

_comp051tions of dated uraninites 1nd thorianites (Table Al) tend ?
" to be'accuraté\when they occur in(fQimatites and skarns while ‘

showing apperi&ble loases of lead—from sedimentary occurrences.

[oN
This suggests an application of uraninite*thorianite comp051t10n

to the geochronology of pegmatites and skarns..
NS . .
‘ I

\\\nperimental work suggests that the uraninite—thorianite solid

¢

solution is complete at high temgeratures (Mumpton and ROy,

—

- A continuous range of composition also appears to exist

in nature (Fig. A2) However, in certain fields very few

analyses bridge impo;;ant gaps, but if gaps do occur within the

aolid solution, they are‘%robably of very minor extent Analyses’ | \&\
have been.taken from Hidden and MacKlntosh (1889), Hildebrand

(18%0, 1891), Dunstan and-Blake (1905), Dunstan and Jones (1906),

Lacroix (1922), Wells (1930), Lllsworth (1932), Wells et al.

v

(1933), Ellsworth and Usborne (1934), LanbintZov (1939),
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Table Al Measured.and Estimated

(1)

- (2)

(3)

(3)

(3}

" (3)

Notes:

86~

Ages of Uraninites and

Thorianites
Mineral Locality

Uraninite Richardson, Prop-
erty, Cardiff’
Township, Bancroft
area

Uraninite ‘*Rajasthan pegmatite,
India

Thorianite Cardiff Uranium
Mines Ltd., fardiff
Township, Bancroft
area

Thorianite Camex Ltd., Monmouth
Township, Bancroft
area

Thorianite Norminco Mines Ltd.,
Dungammon Tdwnship, .
Bancroft area

Thorianite Nu-Age Uranium Mines
) Ltd., Cardiff
Township, Bancroft
area

(1) Source: Collins et al. (1
(2) Source: .Chougari et 22; (
{(3) Source: Rop}nson (1951)

P
Ages estimated’ from Fig. Al.

Age Estimated

Petermined (my)
(my) - ’
1032 _ 975
906 300
L . .
1070 1050
1000 " 1000
4 1040 : 1025
955 ' 1100,
954)
1967)
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' Semenov (1977). .

\ ‘ ‘ < 88

Russell et al. (1954), Robinson.and Sabipa (1955), Satterly
(1957), Berman (1937),°Makarov and Lipova (19§2), Moreau (1963),

LY

Lima de Faria (1964), Hanekam gﬁ al. (1965),-Ch dari et al.

(1967), Heimstra (1968), Ranchin (1971),° Traill- Y1970),

: . [- .
Morton and Sassano (1972), Herath (1975), Rimsaite (1977), .

<

L4
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Appendix 2 The Occurrence of Uraninite and Thorianite
. . -

The classiflcatlon of”’ radioactive deposits has been discussed
]
by numerous Ehthors (see summary by Ruzicka, 1970) Uraninite

and thorianlte are reported in numerocus types of mineral

déposit (Table A2).

Thorianite was originaily tﬁought to occur ddﬁinantly in granite
pegmatites {Palache et al., 1944). Afte; an extensivé survey of
the literature (Dunstan and Blake, 1905; Dunstan and\Jdnes,
1906; Herath, 1975; Lacroix, 1925; Moreau, 1963; Makarov and
Lipova, 1962; Satterly, 1957; Russell et al., 1954; Robinson and
Sabina, 1955; Semenov, 1977; Well et al., 1933), only the
‘Ceylon occurrences seem to be situated in ﬁhis rock type . The

other thorianite analysed occur in metasocmatites tcélc—silicate
skarns and vein-dykes), in‘carbonatifes and associdted alkalic
complexes, and in sediﬁents (placers) dérived from these rocks
(Fig. A3). The favoured occurrence of thorianite in these
‘rocks can be explained by their poor silica content with respect
to quartzofeldspathic metamorphic rocks and granitic igneous
rocks. In such high temperature environments early formed
thorianite'may have the tendengy to react with free silicé
producing £horite (Th02+SiO2 = Th sio4, Mumpton and Roy, 1961}).
Thus silica-rich igneous and metamorphic rocksrare'unfavourable

hosts for thorilanite. -

-
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Table A2 Geological Classification of Uranium Deposits

"after V. Ruzicka (1971)

1 . ’ B -4 -\-_/,
Syngenetic types .
Pegmatitic granites and syenite ‘Uraninite (Thorianite-
Ceylon) -

Effusive sedimentary Uraninite (pitchblende)
Ancient conglomerates Uraninite

Placers ' Uraninite Thorianite
Phosphatic sediments

Caustobioliths, organic shales, etc.

Syngenetic deposits in limestones,

clays and sandstone
Graphitic shales and schists Uraninite

Argillaceous, micaceous and
black shales

Metamorphic disseminations
Granulites

- Uraninite {pitchblende)
Uraninite (pitchblende)
Uraninite (pitchblende)

Epigenetic types

Migmatites and metasomatic deposits Uraninite Thorianite
Alkalic metasomatism in ferrigenous

rocks . Uraninite
Fenites (carbonatites) ' Thorianite
Contact metasomatic (skarns) Uraninite
Pyrometasomatic deposits in.

intrusive or extrusive rocks Uraninite
Veins - . Uraninite (pitchblende)
Blanket Uraninite (pitchblende)
Roll Uraninite (pitchblende)

Infiltration deposits in lignites
or coals '
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Average Composition of Thorite from the Yates Mine, Microprobe aAnalyses

Appendix 4

ThO2 UO2 _CaO ngo3 Pr203 Nd203 FeO Total

PbO

5‘1203

MgO

Grain No.

(1)

(1)

(1)

Camp Zone

95.3

0.0% 1.7%

0.4%

0.2% 19.8% 2.3% 62.8% 2.7%

0.6%
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