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ABSTRACT
The pegTatite dykes cutting Grenville Supergroup along

Highway No. 648(S) near Cardiff Ontario, show narrow, concordant mylonite
zones. Mylonites fall into two categories, called "A" énq "B", A- type Is
high in uranium and contain magnetite and 1lmenite stringprs and
ribbonelike quartz B-type 1s uranium—poor and posses hematitic,
plagioclase—rich bands alternating‘with deformed and recrystallized.
quartz bands. A-type mylonite normally shows SiOleeeo3 ratio (<20) |
distinet from B-type mylonit@ (>60).

’ Two freneraticons of titanite, allanite and zircon are ideﬁfified
in the working area. First generation titanite, allanite and zircon ghow
a concordant relationsﬁip with‘the mylonite fabric. Second generation
titanite replaces magnetite and 11lmeriite aiong fractures. Second generation
ziféon and alianite grow over the old érystais and show a dlstinct

chemical composition. ) . ~

- . .
- First pgeneration titanite, allanite and zircon generally contain

euhedral , microscopic radicactive inclusions. Seccnd generation titanite

does not contain radioactive inclusions, whereas second géneratlon zircon
and allanite show the presence of rounded microscopic inclusions on
fission-track radiographs.

Uranium is azccumilated in form of wraninite and uranothorite in

A-type mylonite du}ing and after the deformation. The interaction of

. L
magnetite and uranium-bearing solutions intrcoduced in shear-zones during’

. A
and after shearing causes the fixation of uranium. The reduction of wranium

is accompanled by the oxidation of mawnetite and the- formation of hematite \

at the contact of radicactive ﬁinerals and magnetite.

/)
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CHAPTER 1. .INTRODUCTION

1.1 TOCATION

- The thesis area lies about 18 kilometers south-west of Bancroft in
Cardiff township. It consists of two separate areas "A" and “B". Area "A"
stretches along Highway 648 (5), between Highway No. 121 and Highway No.
28. Area "ﬁ" lies roughly 5 kilometers north-east of area "A”,‘(FIG.lLO).

The region was mapped at a reconnaissance scale (1:126,720) by Adams
and Barlow (1910). Cardiff and Faraday Townships were mapped by Hewitt
(1957-1) at a larger scale (1:15,840).

1.2 PREVIOQUS WORK

" Ellsworth (1932) described various types of radiocactive peghatites and
numerous uranium-thorium occurrences in the Haliburton-Hastings area. He
aiso described various radiocactive and rare-earth mineréls and their gene-
sis. ‘ | '—‘[

Lang (1952) summarized data on Canadian deposits of uranium and tho-
rium. He briefly discussed the uranium mineralization of the Bancroft
area. y o |

A detailed description of the radicactive minerals in Bancroft ares
was given by Satterly (1955) wifh a classification of uranium deposits in
the region. The description of various mining properties with their
exploration nistory and production was given in detail.

Robinson and Hewitt (1958) summarized the geology of uranlum dep051ts
of the Bancroft region, with brief description on genesis, ml?éralogy and

geochemistry of radicactive pegmatite dykes.

\N
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Later work by lang et al. (1962), Little et al. (1972) and Hewitt
(léé?) described known radicactive oceurrences in the Héstings—Haliburton
area.

In the 1960's an extensive detailed mapping project was carfied out by
the Onfario Departmqu'bf mines in the Bancroft region, and was published

by Lumbers (1964, 1967).

Most oﬂ the work duriné the 1970's was done by Ruzicka (1971); Little
et al. (1972); Bright (1974, 1975, 1976, 1977 and 1979)}. Robertson “(1977);
Gordon et. al. (1978); Gordon and Masson (1978).

Ruzicka (1971) compared Candaian and East-European uranium deposits
and described various controlling fagtors for uranium localization in
Haliburton-Hastings region. ‘

Origin of the uraniferous pegmatite dykes in the area was discus§ed
by Bright (1977) who suggested that the pegmatites were possibly derived
from the melting of the basal arkosic material of the Grenville Supergroup,
concentration and precipitétion of uranium having taken place by the
interaction of rising magma and wall rock.

Robertson (1977) discussed processes of uranium mineralization and
related the uranium concentration processes to the mantled gneiss demes
that he described as syn-Grenville orogenic granitic bodies.

Robertson (1977) described different types of uranium deposits, their
mineralogy and genesis in the Bancroft area. He also discussed the past
exploration history of the urani ] rich Bancroft area.

Gordon et ai. (1978) studied uranium and thorium deposits and
established a genetic relatiohship betwéeniﬁ e host rock (Grenville

Supergroup metasediments) and the uraniumkmigaralization. They
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proposed like Bright((1977) that the basal arkose unit of the Grenville
Supergroup was"the source of the pegmatites: _
| Afﬁer the present study was started, Bright (1979) proposed a regional
stratigraphic control of uranium mireralization in Hastings-Haliburton )
Counties. In his cpinien uranium deposits are stratigféphically )
Qoncentrateq in metavolcanis and the metasediments of the upﬁer Hermon
Group along the flanks of Cardiff and Faraday domes.

‘ Massén and Gorden (1979) explained thét structure and lithology .
contfol the mineralization, and that the deformation zones are generally
restricted to particular stratigraphic horizons in the Bancroft area. They
described the importance of shearing and deformation for uranium cencentra—
tion, they further proposed the pegmafites as the immediate source and

the Middle Precambrian granites or'syenites as the primary.source of
uranium in the area. This however refutés Gordon's earlief idea (cf.
Gordon and Masson, 1978} of the Grenville metasediments as thé sburce of
uranium. ‘

Fowler and Doig (1979) dated (Bb/Sr whole rock) radioactive pégmatites ’
from Dyno Mine and granite from adjacent Cheddar Pluton, and found a
younger date for the pegmatite (970 Ma) than for the Cheddar Pluton
(1200 Ma). '

Although much work has been done on uranium deposits in the area and a
.relationship between shearing and uranium mineralization has Been obéerved
and described by some authqrs, detailed work, howevef, is lacking.

Two presentations haﬁe resulééd from the present work (Fyson et al.’
19792 and 1979b). Théy sﬁmmarized various stages of the present

. Anvestigation.
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1.4 PURPOSE - - ,_ | d

Thé;purpose of this work was ﬁo reveal.the relationship between the
rock fabric and the upgnium diétribution, and to explain the behavior of
uranium during shearing and deformation processes. . .;

A close relatioh.between shearing and uranium concentrétion has been
described by several authors in Bancroft and other areas in Canadé.
However, a systematic study on a detailed scale to descrié& the controlling
factors of uranium accurnulation in shear zones was lacking.

The present.investigation in the Cardiff area was aimed at
delineating the/pheggyénon of uranium mobilization, acéumulation and
mineralization, along with deformaticn processes in pegmatités and other

rOCKs.

1.5 FIELD WCRK - ’j
The field study of regional structures and of the rock fabric
aséociated with-uranium distribution was undertaken during the field
' seasonlof 1978. .
Aerial photographs were used to éélect linear features or lineamenté
(possible magascopic structures) for field study. Such a line marked on the
geolbgical map of Ontario Department of Mines (Héwitt, 1957—1)‘35 a fault - /
line, was mapped at 1:1500 to delineate the distribution of pegmatites and <:;-
uranium as a function of the distance {rom the lineament (Fig. 5.2).
The scintillatiéh counter TV. ‘1A (McPhar Instruments Ltd.) was used
for ﬁ?dioactivity measurements. The pegmatites were found to ke uranium-rich

and their U and Th values (on scintillation counter) were roughly uniform,

therefore all radicactivity reported here are due to U + Th + backeground

A



(T2 threshold). Scintillation counter was placed in contact with the

outcrops until the readings stabilized and .a mean of three readings was

reported at each point.

In the summer of 1979 the field study was narrowed down to the

specific shear and mylonité\zones in pegmatites and country rock ..Field L

work: 1ncluded detailed mappidig, (scale 1:10 to 1:1).

Most of the measurements were made by making grids dlrectly on the
outcrops or on tracing paper‘lying over the outcrops. Narrow mylonite
zones within pegmatite were marked along with the séintillation counts
(Fig. 1.1). These measurements were taken at eacﬁ point of ‘the grid on
tracing paper to shoﬁ the distribution of uranium as a function of the,

- distance from shear—zones (Figs. 1.1 and 1.la) and variations along the
shear zones.

In gneisses, aﬁphobolites and marbles of the Grenville Supérgroup
scintillation counts were measured randomly as well as systematically along
a line across the strike. Samples were taken by using a sledge hammer.

Mo myidhite zénes were found in gneisses or émphibolites.

In undeformed pegmatites scintillation counts were measured in a line
across the dyke and adjacent parts of the country rock., These measurements \JZ/ﬁ\\\\
delineate the variation in uranium distrribution as a function of the .
distance from the margin of a pegmatite.

Samﬁles were taken at several grid points across and along the
mylonitég'in the pegmatite dykes (Plates 1.0 and 1.1) by using a portable

hand drill (GSC type, J.K. Smith and Sons). Country rock was sampled with
a sledge hammer.
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FIG. 1.1 Mylonite zones in vegmatite show higher scintillation-

counts (CPM) than adjacent, undeformed

pegmatite.

r

Radiocactivity.along line A-B is plotted in Fig. l.la.
(Outcrop # 2, Flg.1.0)
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1.6 ILABORATORY TECHNIQUES

’

Fisslon-track fechniques were used to determine the concentration and
the distribution of ﬁ?anium in thin sections and slices of rock specimens.
This method:is based on the fissiqn of U-235 in the specimen during
bembardnent with thermal neutrons in an atomic reactor (Fleischer et al.
1975). The fissioned fragments were recorded on a f1im (Lexan plastic) in
contact with umespecnmj1durhvrtiexnxmess { Kleeman and Lovering, 1967)}
They leave & trall of damaged material or-"fissilon-track" in the film
S(Plate 1.2). The tracks were enlarged by etching the Lexan overlays in 6N
NaOH at room temperature for 20 to 30 hourS (McCorkell, 1978, unpublished)
‘and vere observed with the microscope under high magnification (x100).

' Ganmm.and alpha autoradiographs were prepared in addition to the
Pisslon—track radiographs to map the distributicn of thorium and other
fadioelements (garma ray and alpha particle emitters) along with uranium.
Comparisgn of the autoradiographs and the fission-track radiographs of
same specimens may help to reveal disequilibrium in the wranium decay

series (McCorkell, personal communication, 1979).

1.6.1 AUTORADIOGRAPHS

Alpha and gamma autoradiographs were produced to map the total
radioactivity éf the specimens. Thin sectlons and slices of rock specimans
were exposed to the radiation-sensitive film for a suitable length of time
depending on the radicactivity of the rock determined in the field by

using scintillation counter (TV.1A) (Table 1.0}.



GAMMA AUTOHADIOGRAPHSE They were obtained by exposing the cut

slabs {maximum 10 em x 8 cm) and thin sections of the rocks to the
X-ray film (Kodalk industriai) in a dark room. Thin sections were
generally exposed for a time dwratlon ranging from one week o two
weeks, whereas ﬁhe slices were exposed for 24 to\&%“hours. An image

of the gamma ray emitting phases was obtained after the normal

processing of X-ray film.

ATPHA AUTORADIOGRAPHS: They were produced in é'similar way by

exposing rock slices.(maximum 8 cm x 6 em) and thin sectlons to the
cellulose nitrate film (Kodak Lﬁ—llB type 11) for two to three days to two
to three weeks pe\Pectlvely After exposure, fihns were etched in |

2.5 N NaCH at 60 ¢ for 115 minutes (McCorkell, 1975, unpublished)

to enlarge the plts preoduced by alpha particle radiation.

In each case, thg specimens and film were matched accurately to

locate radiocactive sites.

1.6.2. FISSION-TRACK RADIOGRAPHS

The fission-track radiographs were produced maiﬁly by following
the unpublished text and the perscnal instructions of Dr. MeCorkell
of the Bondar Clegg Company Limited.

Thin sections and slices of éhe rock specimens were prepared in
form of discs of about 20 mm in dilameter. A sheet of Lexan plastic

of similar diameter was placed on top of each thin section:



Table 1.0 Length of exposure and neutron dose for different specimens.

Radioactivity

Rock Description

Length of Exposure

{cpm) Slices Thin sections
Gamma#* Alpha#** FTR#* : Gamma#®* Alpha®*% FTR*
. <200 No radioactive or 48 hrs. 60 hrs. 90 min. T4 days 20 days 120 min.
accessory mineral .
present in hand- )
‘ specimen or in thin
section. .
200-500 A few accessory’ 30-45 Lo-55 60 min. 10-14 18-20 90 min.
) Minerals present hrs. hrs. days days
500-1000 Accessory minerals 30 hours.50 hrs. - 10 am<w 18 days 60 min.
o abundant
1000-5000 Accessory minerals 24-30 40-50 - 7-10 14-18 45 min.
abundant with radio- hrs. hrs. B days days
active inclusions .
>5000 Coarse grained 24 hrs 48 hrs - 7 days 14 days 15-30 min.

radioactive
minerals present.

Fission-track Radiograph -

#%* Autoradiographs.



Rock slices were covered with Lexan plastic on both sldes. ’

conentration within aluminium foil itself was found to be.very uniforﬁ.

unpublished) . N @
Specimens™were filled in irradiation capsules along with two uranium
standard glasses (ﬁ?e red by the National Bureau of Standards, USA)

mounted in epoxy and pld at egf'h nd of the capsule. They were

irradiated in the Slowpoke tér of the Atomic Energy of Canada Limited

in Ottawa.

A thermal neutron flux of 2.8 x 1011 n cnfz's_l was used to irradiate

the capsuleé for different léngths of time (Table 1.0}. Lexan overlays
were removed from irradiated specimens and etched in 6 N NaoH at room
temperature for 20 to 30 hours to enlarge the fission-tracks {McCorkell,

1978, unpublished).

Flaa

i

Detaiied prints of the location of uranium-bearing minerals and
therefore of microstructures were obtained. Fach uranium-containing
mineral present in the rock could be located by its shape on fission-track
radiographs (Plates 1.3, 1.3R, 1.k and 1.5).

General diStribution of ‘tracks was studied under reflected light by
looking at specimens covered with accurately 6riented Lexan Qverlays.
Detailed studies were made on thin sections in a similar way, by using
sransmitted light under high magnification.

The uranium concentration of each speclmen was calculated by comparing
the number of tracks over a unjt area in the Lexan overlay of a sneclimen

(fisslon-track radiograph) with the number of tracks in overlays
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A
of standard glass, irradiated together with the specimens. The density of

tracks gn.the Lexan overlay 1s proportional to the uranium concentration of

the specimen. " T
The variation in the neutron flux along thé length of the capsule can

be measured by comparing the track density over uranium standard glasses at

both ends of the capsule. = -

1.6.3 URANIUM STANDARD GLASSES

For the measurement of the uranium concentration, NBS standard glasses
(prepared by National Bureau of Standards, US Departnen@ of" Conmerce)} were
used as reference material.

These glasses are prepared to be used as analytical standards for 61
elements. Four gets of:NBS glasses are available, SEM (Standard Reference
Materials) 61C and 611, 500 ppm in the oxide of each element, SRM 612 and
613; éo"ﬁbm in each element and SRM 614 and 615, 1 ppm in each, and SRM 616.
and 617, 0.02 ppm in the oxide of each element. The actual values of these
elements differ from these values to a certain éxtent. The uranium used in

these glasses is depleted in'U—235 (N.B.S., 1970). The correctéd values of

. . . _ _ T |
uranium concentration for flssion track determinat10n§4,p€?Yi§éd by ;
National Bureau cof Standards (U.S. Department of Commerce) are reported \\
here.

U235 /U238 (normal) - 0.7256

(N.B.3. glass 612) - 0.2392
(N.B.S. glass 614) - 0.2792
(N.B.S. glass 610) - 0.2376
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, Element Corrected values for .

No. o concentration F.T. U determinations
SRM 610 500 ppm 151.11 ppm
SRM 612 50 ppm 6.37 ppm
SRM 614 50 ppm | 0.33 ppm

1.6.4 FISSION-TRACK DETERMINATION OF U IN WHOLE ROCK

Exisfing data on the uranium contents of different rocks show
considerable variations. Some of these discrepancies were discusse& by
Fisher (1970).

This author made several attempts to coﬁpare the fiss;on—ﬁrack metﬁod
with microprobe techniques for determination of uranium content of
individual minerals (Chapter 4) and found several discrepancies. Thin
sections and rock slices were dsed to determine sthe ﬁrénium content of
individual érystals. Because of the heterogeneous diséribution of uranium
in the rocks, it is difficult to analyse the data in terms of average
uranium concentration of a rock. K o

Fisher (1970) descri®®d the technique df homogenized fission-track
determination of uranium in whole rock samples. He prepared disks by
compressing rock powders (20bO lb/inz). After irradiation the intensity of
induced tracks was measured in the coveriné plastics. He discussed the
problems of tracks clustering due to inﬁbmogéneoug disﬁribution of uranium
. that make it difficult to measure the average uranium concentration. The
present author was able to avoid fission—track clusters by melting powdered
rocks and preparing homogenized glass disks. The present technique was

also compared with the method applied by Fisher (1970) (Table 1.1).

3
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To prepare fused glasses the rocks were crushed and then finely ground
_in the tter box, each specimen for three minutes. 1.5 gram of rock

powdey’ was weighed in a platinum crucible with 0.5 gram of LiCO3 and 4.5~

‘@yﬁﬁs of LiBAO7 (flux). Platinﬁm crucibles containing the mixture of tﬂe
rock pdwder and fluxes were then heated for 9 minutes on a Bunsen burner
The melt was stirred automatically for 9 minutes and then molded into
disks. |

Fused glass disks, each covered with Lexan plastic sheets on both
sides were completely wrapped in‘aluminium foils. They were packed in
capsules for irradiation along with two uranium standard glasses (prepared
by National Bureau of Standafds, U.5.) mounted in epoxy, placed at each end
of the .capsule. .

Induced track aensities were éounted in each Lexan oﬁerlay after
idrradiation and etching (Chapter.l, art. 1.5). No clusters were found in
any specimen Tracks were unlformly distributed throughout the disk. Note
that the concav1ty produced durlng the cooling of molds, causes an improper

contact between the Lexan film and the specimen surface, but the opposite

even surface of the same disk does not show such variations.

1.6.5 COMPARISON OF AUTORADIOGRAPHS AND FISSION-TRACK RADIOGRAPHS

Although .gamma radiography is a faster technique, it has several
.disadvantages. The matching of radicactive image with the specimen is
. difficult, because gamma rays form an igage on the film even when the
uféhiferous material is lying several millimeters beneath the surface of

the sliced spécimens (McCorkell, 1978, unpublished).
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Table 1.1 Examples of fission-track U determinations in homogenized rock
specimens from Highway No. 648(8) near Cardiff, Ontarilo.

U ppm U ppm
“Sample No. . Rock Description FGD* RPP¥*
MY-AS Mylonitized pegmatite 217.9 ‘n.d
(A-type)
A-1? Mylonitized pegmatite 514.0 . 300-750
(A-type) : . Av. 565
PW.MGL Mylonitized pegmatite - 755.0 n.d
' (A-type)
MY-Bl . Mylonitized pegmatite 43.7 n.d
. (B-type) o .
ALP Allanite-rich underformed 500.0 700-950
pegmatite Av. 825
PE~T78 Undeformed pegmatite Lo - ‘n.d
c-1 Undeformed pegmatite ' 63.0 n.d
Peg—E' Undeformed pegmaﬁite 10.5 n.d
_ PE-16 Arphibolite (country-rock) 3.1 r.d
CR-PW2 Amphibolite (country-rock) 0.8 n.d
CR-DZ Quartz-biotite gneiss 0.5 n.d

n.d : not determined -\\\\'

¥ FGD: Fused glass disks

3 Rock powder pellets

RFP:
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Tt also r'leeds a darkroom since the £ilm is lig,h;c—‘senslitive.
«Alpha autorzdiographs réquire a‘lohger time of exposure but
the.technique is more specific for the uranium-thorium decay series.
The fiséicn—track method has several advantages over
autoradibgraphs. Flrstly it gives the distribution as well as
concentration of uranium. Secondly it-1s sensitive enouéh to measure
uraniun content as low as 10 pr_(McCorkell,‘l978, unpublished).

A comparison of both techniques is given in Table 1.2.

+

1.6.6 IDENTIFICATION OF RADIOACTIVE AND U-BEARING ACCESSORY MINERALS

Most of the coarse-grained accessory minerals were identified
under the microscope on the basis of thelr optical properties.
Fine-grained zircon, titanite, allanite, monazite and uranothorite
were identified by using the X-ray powder camera technique. For
this purpese, mineral grains in thin sectlons were powdered by seratching
them‘with-a sharp needle, under- the binocular microscope. The
powder was picked up from the thin section by means of a fine glass
spindle, dipped in vaseline. It was then analyzed in the 57.3 mm
diameter Philips X-ray diffraction camera with Ni filtered copper
radiation at L0 Kv and 20 m.A for three hours.

Coarse-grained metamict (isotropic) minerals were separated '
under the binocular microscope and were heated at 1000°C for one
hour in a small charcoal-lined crucible fitted in Another crucible
to create a reducing environment (Adams and Sharp, 1970). After
heatipg, mineral grains were powdered and analyzed in the X-ray

diffraction powder camera.



Table 1.2

.

Propertjes

Comparison of Alpha and Gamma

Gamma ARG=

Alpha ARG

Autoradiographs and Fission-Track Radiographs.

Fission-track
Radicgraph

Recording Film

Exposure length

1. slabs

2. thin sections

Meeds dark room?

Processing
1. chemicals

2. time length
3. temperature

Quantitative?

Discriminates U

from Th?

* Autoradiograph.

A-ray
Industrial

24 to 48 hrs
7 to 14 days

Yes

zoﬂam_

processing

20 min.

Room temp

No

No

Cellulose

nitrate, LR~

48 to 60 hrs
14 to 20 days

No

Etching with
2.5 1M NaOH
dww min

607 €

Yes

Possible

Lexan plastic

.10 to 90 min
10 to 120 min

No .
Etching with
6 N NaCH

5 to 25 hrs
Room temp

Yes

Yes
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NIicmpmbe analyses were performed on most common accessory and
radicactive minerals like titanite, zircon, allanite and uranothorite
(Table 4.2, 4.7, 4.9 and 4. 16 See also page 60). They were analyzed
by Dr. Paul Mainwaring of Carleton University on microprobe (Cambridge
fark 5 ) by using EMPATR V11 orogram. Atime interval of 120 seconds was
used at 20 kV. Width of the beam used was 1 to 2 naqueter‘s. The

characteristic lines used for different elements are as follows :

3 U and Th ¢ Md -
ir : La
T1 : 1 Ka
Si, Na, Ca, Fe v Ko

Ce, La, Nd, Sm : L@
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CHAPTER 2. GEOLOGY

2.1 GENERAL GECLOGY

The Bancroft area is located near the southwestern margin of the
Grenville province in the Canadian Shield. It.is characteri;ed by high-grade,
regionally mefamorphosed‘nacks of Precambrian age (Baer et al.l1970).

The oldeSt rocks exposed in the area are possibl& the Late Precambrian
supracrustal rocks 'of the Grenville Supergroup. They are probably
wconformably overlying a Middle Précambrian basement gneiss complex,
not expesed in the‘working arez.

The supracrustal rocks are intruded and replaced by various rocks
ranging in composition from gabbro to granite.

| The arez was subjected o the Grenville orogeny (950 Ma K/Ar)
and the rocks were metamorphosed under conditions ranging from lower
amphibolite tc upper amphibdlite facies.

Grenville Supergroup: These are Late Precambrian supracrustal,

possibly metasedimentary rocks with mincr metavolcanic layers. Most
of the metasediments are quartzo-feldspathic pgneisses and amphibolites
with minor quartzites and marbles. Metavolcanics generally occur

as thin interbedded and intercalated zones of pyroclastics and mafic
to intermediate flows within metasediments (Gordon et al. 1978).

The stratigraphic sequence and the lithology of the units are
variable but a generalized lithostratigraphic succession of the
Grenville Supergroup established by Bright (1977) may enable one to
make a correlation of major units in the area.

The Anstruther Lake Group may be the oldest division of the
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ville Sup group. It 1s further divided into lower and upper sub-units
(Bright, 1976).\The lower sub-unit mainly composed of magnetite-rich and

ﬁiotite-poor quargzo-feldskathic gneliss, 1s exposed in the Eels Lake area

(Bright, 1977). The unit wad correlated with the Faraday Granite (Gordon

et al., 1978). . \\\\

The Anstruther Lake Group-is‘E@ratigraphically overlain by the Hermon
Group (Lumbers, 1967) and by the Ma;o Group (Hewltt, 1957), the youngest
subdivision of the Grenviile Supergroup.

Four batholith%g”ﬁEﬁﬁlexes are mantled by the supracrustal rocks of
the Grenville Sgggpéroup (Fig. 5.1). These bodles are called the
Anstruther Ba%holith, the Cheddar Dome, the Cardiff Plutonic Complex and
the Faraday Grgﬁite. Among, these four bodieé, only the Cheddar and, north
of it, the Cardiﬁf belong in the area discussed here.

)

Cheddar Dome: \Hewitt (1957) described it as-a circular "double domed"

intrusive pluton, haGiQ%.T;gmatizeq zones formed by the lit-par-lit
injection of magmatic magérial into metasediments.. Bright (1977) explained
Iits origin by partial melting of basal arkosic material of the Grenville
Supergroup. Recent work by Culshaw (perscnal communication, 1980) sugpests
that Cheddar is.a r;ughly cylindrical obliquely plunging‘diapir which has
been deformed after its emplacement.

The Cheddar Dome is situated to the north of Anstruther Batholith, on
the boundary of Monmouth and Cardiff Townships. Ié consists of quartes
menzenltic to granitic rocks and their gneissic equivalents. It is mantied
by steeply dipping paragneisses, marb;e and amphibolites intruded by

granitic to syenitic rocks.
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Cardiff Plutonic Complex: It i1s a 10 km wide, oval-shaped centre of
unexposed baSement‘uplift and éranitic intrusions (Bright, 1979}. It
consisté of three plutonilc bodies,‘the Centfe Laidd and Monk Lake Granites
and the Deer Lake Syenltes. |

The granlites are ﬁassive to foliated leucocratic quartz monzonitic.to
granitic sills. The Deer lake Syenite lies to the scuth of Deer lLake and |
consists of alkaline syenites. The Cardiff Pluton is élso mantled by the
Grenville Supergroup rocks. Wide bands of these rocks that eccur within
the plutenic complex Qere described by Hewltt (1957) as infolded
metasediments and metavolcanics. The recent work of Culshaw (personal
cowmunicafion, 1980) suggesﬁs that the Cardiff is an incomplete cylinder—
shaped plunging“body of granodiorite.

Bright (1979) described a thick sequence of coarsely crystalline
pegmatitic arenaceous metasediments as the lowermost unit of the Grenville.
Supergreup overlying an inferred basement gneiss complex in the core of the
Cardiff Dome. He correlated this sequence with the Anstruther Lake group.
This unit 1s overlain by a thick sequence of clastic, siliceous to
calcaréous, coarsely recrystallized metasediments with mafic to alkaline

volcanic rocks. It was correlated with the Hermon Group by Bright (1979).

2.2 RADTOACTIVE PEGMATITES AND U DEPOSITS

The working area lies in a belt of'Grenville Supergroup metasediments
between the Cheddar Domé to the west and the Centre Lake Granites of
Cardiff Piuton to the east and northeast (Fig. 1.0).

All uranium occurrences in the area lie in the pegmatlte dykes cutting
‘paragneiss and amphibolites. They are exposed along Highway No. 648(S) in
Cardiff Township in low 1ying outcrops striking N30°W to N20°E and dipping
subvertically (Plate 2.0).
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1

Pegmatite dykes range froﬁ a few inches to several.tens of feet in‘ .
wldth, roughly uniform along the strike of dyke (Plates 1.0, 1.1 and 2.1).
Pegmatites are variably deformed. They are often branched and they cut
gneisses at mederate to high angles and along sharp contacts (Plates 1.0,
1.1). They generaily contain xenoliths of the contry rocik (Flgs. 2.1 and
2.2). | |
Most of the uranium cccurs in form df inclusions within widely
distributed and locally concentrated accessory hineralsa titanite,
"leucoxene", allanite, zircon, cyrtolite and monazite. Ui"anini_te and
uwrancthorite are often‘associated with magnetite and ilmenite within
mylonite zones in pegmatite. |
The most important_uranium occurrence in the area, the Canadian Dynp
Mine, was active from 1954 to.1966.1 It produced 802,998 pounds of
U308 (Hewitt, 1967) from fhe ﬁegmétite dykes. The mine is lo&ated near
Highway No. 648{(S) 4.5 km south of Highwéy No. 121 and 3.5 km north of
Highway No. 28 (Fig. 1.0).
Radioactive pegmatites cutting gneiss and amphibelite are deformed and
Jery similar to those ekposed along Highway No. 648 (S) described earlier.
Aéother important uranium occurrence is the Canada Radium Mine (Fig.
1.0) incorporated in 1932, that was in cperation during different periods
until 1955 (Hewitt, 1967).
The Radium Mine property lies on the northeast edge of the Checdar
. Dome in paragneiss and amphibolites. Pegmatife dykes are similar tc those
of Canadlan Dyno Mine pegmatites, but they often contain local hormblende
and- pyroxene-rich zones.
There are a number of other uranium showings iIn the area. They all

occur in similarly sheared, magnetite-ilmenite and quartz-rich pegmatites
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FIG. 2.1 Northeastern part of outcrop (No. 3, in fig. 1.0) along
Highway No. 648 (S). ( G: gneiss, P: pegmatite, M: my)onite).

(A: A-type mylonite and B: B- type mylonite)

N

_ FIG. 2.2 Southwestern part of the above outcrop. A pegmatite dyke (P) )
showing mylonite zones (M) and a large xenolith{X) of the

\H-;/ country rock (G).( A:A-type mylonite; B:B-type mylonite).
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very simlilar to those of Canadlan Dyno Mine and Canada Radium
Mine. These pegmatites are exposed at a number of vlaces

in open pits, shafts and trenches in the working area.
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o CHAPTER PETROGRAPHY OF PEGMATITES

Pegmatite dykes cut across. the Daragneiss and amphibolites
of the Grenville Supergroup ~Ehey range from a Tew centimeters
to’ several tens of meters In, width and the exposed thickness
varies from half a meter-to a maximm of 10 meters in the working
T area (Fig 3.0).- |

They arL normally coarse. grained, leucogranitle, variably
defonned pegnatites, ranging from slightly deformed tp highty .
recrystallized myionites They may show cnangés of minerdlogy
and grain’ siae within a fracti@n of a centimeﬁer They are élaésified.

-~ .into two groups accordingly: 1) the microcline—oerthite bearing,

part;y.defonned‘pegmatitesg_and 2) the mylonitic pegmatites.

'1} Mlcrocllngzperthite bearing Degmatites -Mlerocline formé'more

than 60, of" Lhe roch and occurs as 1arge crystals up Lo several '
centimeters ;n diameter. A graphic intergrowth of quartz and
'mEE;;cliné is generélly observed. In thin sections microcllne
very often shoﬁs;ﬁ;agioclase_exsolution.

— Quartz makes up to 30% of the rock. It oceurs in various
grain sizes, shows strain effects and recrystailizatiocn, whereas
the central parts cf grains are étrained and show undulatory
extinction. In moderatelyldeformed rocks quartz may cccur as lens-
shaped, elongated grains which show recrystallization at thelr

margins only.
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Plagioclase forms 10-15% of the rock, occurs as small (0.5 mm to 2.5
mn in diameter) anhedrdl grains generally kinked and bent, with fine’ : | -
grained, possibly“recrystallized, plagioclase at their ma;gins. They
generally occur in between large micfocline‘crystals.‘

M3t of the plagioclase is oligoclase (An-10~20).(Michel—Lé&y'method).
Plagioclase contains hematite in cleavgge and twin planes which give a red
appearance to the plagioclase-rich zones. The mafic constituents include
biotite, hornblende, pyroxene and epidote..They do not exceed B%Aon average
but they may locally represent as much as 15% of the rock.

Important accessdry miﬁgrals are-titanite, allanite aﬁd
zircon with less abundant monazite, cyrtolite and pyrite. A general
association of titanite and leucoxene with magnetlte and ilmenite has been
observed almost everywhere in pegmatltes and in country rock.

The amount. of accessory miqerals is quite varidble, and ranges in
general ffom 5 to 25%6. An increased abundance of accessor& cqnstituents _[:
with increasing deformation is generally observed. More than one
generation of titanite, allanite and zircon is evidenced by their
concordance and discordance with mylonite fabric in pegmatite. Their
genesis and uranium distribution is described in this chapter and in
Chapter 4. f’ : \\\

.
) Mylonitized pegmatites: Mylonites are in widely distributed, long, "

narrow (0.5 cm to 10 cm in width) zones in the pegmatites. They are
roughly parallel to the margins of the dykes (Plates 1.0, 1.1). ‘

Two types of mylonites' r;u"e distiﬁguiéhed in the working area "A". OCne | L3
is highly radiocactive, characterized by the ﬁresence of abundant magnetite

e
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* Stringers and smoky quartz. It 1s called "A" type (Plate‘3:1)‘and the other,
EéSs radioactive type (radioactivity.meaSured in field) with hematitic, kinked
plagioclase-rich bands is the "B type (Plate 3.2). |

The presence of magnetite, i}nenite or hematite in A and B typé mylonite
explains thg*gafférent state of oxidation of'irog in the two types.

A and B type mylonite may-occure within a single pegmatite dyke side by
_.side.(Fig.nE;l_énd 2.2) but one does not grades_inﬁo the other longitudinally.

2a) “AM type;mylonites : They contain light_béhds of varying shades and

widtﬁ (0.05 to 0.5 cm. wide) with dark stringers (0.1 to 0.8 cm.wide) and
boudins within or alternating wilth llght bands. A large nurber of uraniferous
ndnefals occur within these‘bands. At least two different generatioﬁs
'_of'titanite,>allanite and zircon are identified in these mylonites. Fi?st
| generation minerals are concordant to the mylonite fabric (Plates 3.3 and 4.1y."
Second genération titanite generally replaces magnetite‘and ilmenite in
fractures. Second generation zircon and allanite grow over the old‘crystéls
(Plates 3.10 and 3.11) and show uranium ejirichment and a distinct chemical
composition(Table 4.7 and 4.9). | - _
Light bands: Light bands in these mylonltes consist of.highly deformed
and finally recrystallized quartz and more. rarely of large lens—shaped strained
guartz with recrystallized margins (Plate 3.1). These bands\make upto
75% of the A-type mylonite.
Dark bands: Dark bands make 5% to 15% of the A-type mylonites.
They consist ofrelongated and deformed mégnetiﬁe and ilmenite . Under
_ refleéted light with crossed nicols , magnetite abpears to be isotropic
.and can be distinguished from anisotropic ilnénite. The 1after shovs

twinning and recrystallization and'lamellae'of exsoived hematite ( Plate 3.4).
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Magﬁetite shows some replacement by hematite along the cracks and at
the contacts with graniunhbearing minerals (Plate 3.5). It is generally
characterized ig thin sections by a largé‘nuﬁber of cracks and pits. These
bands occasionally contain fine-grained biotite and hornmblende along their
. mAargins. |

In some cases radicactive mylonites consist almost entirely of
recrystallized smoky quartz with little or no feldspar and 5% magnetite.

Accessory minérals in "A" type mylonites: Nearly 60% of the total

uranium'in the pegmatites resides in accessory minérals in form of tiny
radioactive inclusions. Accessory minerals like titanite (better than sphene)
(Fleischer, 1980) and allanite occur within magnetite-ilmenite bands or at
the contact of light and dark bands (Plate 3.1, 3.35; Zircon, cyrtolite,
monazite %nd apatite mainly occur within rec?ystallized quarg?_zones

(Plates 3.6, 3.1la and 7.0). )

Titanite: two generations of titanite are identified in the
mylonites. O1id titénites are large, fractured and‘generally contain a
nunber of inclusions whereas younger titanites are smalier, clear and
generally occur at margins or in crackS within magnetite-ilmenite grains.
(Plate 3.9). | |
| First generation titanite crystals are euhedral to subhedral, mostly
fractured and pgrtly altered. They range from 0.1 cm to 0.5 cm in
diameter. 80% of the titanite crystals occﬁr within magnetite and ilmenite
bands, whefe'they are rdughly oriented along the nylonitic fabric. They
show lamellar twinning and pressure-induced parﬁing. In some cases the

parting planes are bent (Plate 3;7).
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Iﬁ some cases, twin and parting planes and fractures are occupied
by magnetite and recrystallized quartz (Plate 3.7). The former
"alters to cloudy seml-opaque material (leucoxene). Few titanite
crystals show alteration to leucoxene along fractures (Plate 4. 2)

The titanite crystals generally contain small euhedral inclusions
of uranothorite, monazite and rarely uraninite (Plate 1.5).

Younger titanite crystals are smail (0.01 em to 0.25 e¢m) and
mostly occur at margins or in cracks within magnetite and ilmenite
(Plate 3.9). They do not show ﬁartings and are free of inclusions.
These titanites were possiblg formed after, or late in the deformation
process.

Allanite: Ailanite is present as large (0.3 cm to 6 em) euhedral
to subhedral crystals, characteriz ed in thin section by their cigar-
shaped appearance, a network of [ractures, and 3 large numbgr of
inclusions &mhasunﬂwﬂmnﬁe,cmtohxe,mmmzmeandrm%hr
waninite. A number of réﬁiating fractures originate from these
inclusions and shatter the allanite crystal.

Alteration and metamictization are commonly cobserved in allanite.
They are caused by the breakdown of crystai'structure by the radio-
active bombardment from contained iﬁclusions,

80% of the allanites shoﬁ a narrow zone at-their margins,
characterized by llghter colour (Plate 3.10), lower birefringence and
hﬁgher uranium content (Chapuer iy uhan the imner, dark, rusty-brown zoﬁes

The narrow oufter zone has a chemical compesition different from
the core (Table 4.7). However, concentrations of uranium and rare-

earths are variable along this zone (Tables 4.6 and 4.7). Optical and
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chemicq; differences between the rims and cores in the allanite crystals
reflect more than one stage of c;ystal growth. The uranium and
rich margin 1s possibly an overgrowth on an older rusty-brown core,
formed before the defonnation process. |

Zircon: Zircon occurs as subhedral to euhedral crystals ranging from 0.05
to 0.1C om in dlameter. It is almost always found within deformed an@
recrystallized quartz-rich zones in mylonites. Zi%con cryatals are-mostly
enveloped by a thin band of hematite or limonite (Plates 3.11 and 3.11a).

Nearly 80% of the'zircoﬁ crystals show clear cross-cutting
relationships and about 20% crystals appear to be concordant with the
mylonitic fabriec. | . |

Three different varieties of zircon have been identified on the basis

of thelr optical properties, chemical composition and wranium content.

1) Body-Zoned Zircoms: These are generally coarse grained, non-
metamict zircons, possibly of post tectonic origin as evidenced by their
discordance with the mylonite-fabric. They show some dark bands { non-—

metamiet). Uranium is evenly distributed across the crystals (Chapteg_u).

The distinqt zone is probably due to variations during crystal growtn.

~
.

2) Rim-Zoned Zircons: These zircons have zoned, often incompletel&

developed rims (Plates 3.11 and 3.11a), and unzoned, generally cloudy
and fractured cores. Zoned rims are simila£ to the body-zered zircons N
described earlier. Some crystals do not show ¢learly zoned rimé.

On fission-track radiographs 60% of the rim-zoned zircons show
clear evidence of uranium enrichment in zoned rims. Uranium-rich rims‘
are optically and chemically different from the cores (Table 4,9),

These zircons reflect more than cne stage of cfystal growth.
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Uranium-rich overgrowths in zircons studled and described by different
authors are briefly discussed in Chapter 4.

Microprobe and fisslon-track analyses and studies under the micros-
_ cope suggest the formation of new zoned zircens as separate crystals or
overgrowths on earl;er formed unéoned zircons. They have a cmnﬁllcated,
parﬁly discordant (Plate 3.11) relationship with the mylonitelfabric. This
sugéests an origin, early in the deformation process. None of the zircon
co;gé:show evidence of detrital origin.. The cores are most probably pre-
tectonie lgneous zircons.

3. Metamict Ziréons (cyrtolite){ These are euhedral to rounded (non-

detrital) crystals. They penerally show a large number of microscopic
inclusions which appear as tiny clusters on fission-track radiographs.
They are meostly unzoned. Cyrtqlite may occur as inclusions within larger
accessory minerals like titanite and allanite (Plates 3.8 and 4.1).
Monazite: Monazite is less abundant than other accessory minerals.
It normally oécurs as small grains (0.0l em to 0.05 cm) and cccasionally as
larger euhedral crystals (0.01 cm to 0.25 cm) within recrystallized quartz-
rich zones in mylonites. DMost of the monazite bears a cross—cuttin%
relationship to the mylonitic fabric, but the larger crystals very
often show a concordance with the fabric. !
Apatite: Apatite 1s a less important uraniun-bearing mineral of
most probably pre-tectonic Qrigin because of its concordance with Ehe
fabric of mylenite. It occurs as small colourless éuhedral to subhedral
crystals in mylonitized pegmatites. | |

Rutile: Rutile is a rare mineral, occurs as thin bands over the
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margins of ilmenite and magnetite and appears to have formed late
during the deformation process.

2b) "B"Aype mylenites: Unlike "A" type, "B" type mylonites do not

contain magnetite and ilmenite stringers. Under reflecﬁed light they
show hematite-rich irregular bands which alternate with light-coloured
Zones sﬁowing shades of hematitic stains. A few magnetite grains

~

may occur in these mylonites.

Red (hematite-rich) bands: Under transmitted light these bands
appear to be composed of kinked and bent plagioclase crystals.
Hematite occurs in cleavage and twin planes and at grain 5ouhdaries.
A few larger crystals of potash feldspar (0.25 cm to 0.5 cm) occur
in this zone.

Light bands: Light bands contain eloﬁgated, éefo;med and
recrystallized quartz. The quartz bands are generally discontinuous
and shorter than in "A" type mylenite, and contain some ﬁematitic.
coating in fractures and aloqg boundaries c¢f larger grains. GQuartz
fbrms up to 30% of this zone.

Microcline ranges from 0.3 cm to 1.25 cm in diameter. It
generally shows perthitic texture and makes up to 60% of light bands.

Accessory minerals: Accessory minerals are less common in '"B"

type\mylonites and do not exceed 5% of the rock. Apatite is a common

mineral whereas titanite and zircon are comparatively less common.
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CHAPTER 4. URANIUM DISTRIBUTION IN INDIVIDUAL MINERALS

4.1 URANIUM IN ACCESSORY MINERALS

. The distribution of uranium within individual crystals was studied
with the help of fission-tracks from the thermal neutron-induced fission of
U-235 (in uranium—containing minerals) recordéd on Lexan plastic sheets.

A total number of 111 measurements were made on fission-track >
fadiographs of ecrystals during tﬁe present investigations. Uranium
concentrations were measured in 28 titanite and leucoxene crystals (Tables
L.1 and 4.5), 12 allanite crystals (Table L.6), 17 zircon crystals (Table
L;S), and 4 monazite crystals (Table 4.10).

Fission-track radiographs of 5 thin sections of gneisses and .
‘amphibolites show that almost all uranium resides in titanite, the most
abundant accessory mineral. Uranium content of titanites varies from one
crystal to another and ranges from 132 to 380 pom (Table 4.5).

Tn fission-track radiographs of pegmatites, g80% of the tracks-covered
area coincides with accessory minerals like titanite , leucoxene, allanite,
zircon, cyrtolite and monazite. Nearly 15% of the tracks (by area)
originate from uranothorite and uraninite grains, and the remaining 5% of
the tracks are concentrated in inclusions and alterations along cracks and .
margins of magnetite and ilmenite grains.

Titanite: Fission-track radiographs of first generation titanite
generally show a non-uniform uranium distribution across individual
crystals. The distribution of tracks reveals distinct accumulation of

uranium in rims of more than 60 of old titanite crystals (Plates 4.1 and

1,.1R), (Table 4.1). However no differences in optical properties between
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Crystal description

Fission-track uranium determinations of titanites
from mylonitized pegmatite dykes along Highway
No. 648(8) near Cardiff, Ontario.

Specimen # Crystal pertion U ppm
MY-A2 1. Large, fractured Rim 731
Core 700
MY-A3 2. Large, euhedral Rim 832
Core 605
MY- AL 3. Large, suhedral Rim 502
with bent partings Core 448
PON-A 4, Fractured, euhedral Rim 748
slightly altered Core 453
Altered 581
5. Fractured, eubedral Rim 77
with pressure-induced Core 418
partings ' Core 369
6. Small euhedral Rim 747
Core 530
7. Fragmented crystal Rim 614
Core 445
PW. MG-1 8., Sub-hedral, partly altered Altered? 531
' Altered? 568
Clear 377
Leucoxene 1189
Leucoxene 1340
Leucoxene 703
PW. MG-1 9. Highly altered Altered 883
rusty-brown. Altered 850
Clear 750
Rim 795
MY. AD 10. Small crystals Core 790
replacing illmenite Core 832
in fractures {second Core 861
generation titanites) Core 859
A-1 11. Euhedral, slightly Rim 690
bent Core 530
12. small euhedral Core 430
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Table 4.2. Partial microprobe analysis of titanite (crystal No. 8
in Table 4.1} from mylonitized pegmatite (PW-MG1) along
Highway No. 648(S) near Cardiff, Ontario.

No. Element Rim Core
1 SiO2 : 30.36 30.16
2 Fe203 2.90 ‘3.21
3 Cal 27.32 27.33
i Ti0, 29.24 29,22
5 Tho, 0.09 0.10 °
6 uo, 0.00 0.00
7 Zr0, 0.00 0.00
8 Nb205 ‘ 1.66. 1.89
total ¢ Gl1.58 G1.93

Analyst: Paul Mainwaring

Note: All iron 1s quoted as Fe203 and all uranium as UO2



the marginal and central parts are observed in the titaﬁite crystals. A
large number of clustered populations Qf tracks are generally observed
within 80% of old titanite crystals. These Ciusters represent radiocactive
inclusions within titanite (Chapter 4, art. 4.3; Plate 4.1R). Tracks are
fairly uniformly distributed along uranium-rich margins and central parts
of titanite crystals away from high uranium domains (radicactive
inclusions).

Second generation titanites show homogeneous uranium distribution
throughout'the‘ﬁrystals. They are free of ;ncluSions so that no clusters
appear on rédiographs of these titanites.

~ The uraniuh content of titanites determined by this author by fission—
track counting are given in,Tabie L.1. Partial microprobe analysis. of one .
titanite crystal from "A" type mylonite is given in Table 4.2. The values
~of U and Th reported by different authors are tabulated in Tables 4.3 and
for comparison. Various possible reasons for uranium accumulation in rims
of the titanite crystals are discussed towards the énd of this chapter.

Some of the titanite crystals show an increased concentration of -
tracks in altered parts (lgucoxene?) along fracﬁures traversing the
crystals (Plates 4.2 and 4.2R). No uranium lies in these fractures where
they pass'through adjacent quartz and feldspar grains.

Allanite: Allanite is another abundant uranium-bearing accessory
mineral in the pegmatites. TFission-track distribution is inhomogeneous in
20 of allanite crystals (Table 4.6). The yellowish-brown, narrow outer
zone shows uranium enrichment as compared wiﬁh the dark brown rusty core

J N . .
(Plates 4.3, 4.3R, 4.4 and 4.4R; Table 4.7)7 The allanites also contain a
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Table 4.3 Uranium and Thorium content of accessory titanites
from granitic rocks. (Modified after Hurley and

Fairbairn, 1957, Table 3).

i ppm Th ppm Comments

Sarple No. Locality

3060 Mount Waldo, Maine 1270 165 - gr

1971 Blueberry Mountain, 1380 - 2430 £

. : Massachusetts

1970 Clayton Cone, Utah 100 560 £

1968 Tdaho 370 . 900. e

3085 West end of Mountainville, --300 1070 ar

Maine |

3063 Hollingsworth and Wnitrey 250 375 o

3080 Two miles N of Mt. Desrert, 245 950 gr
- Route 198, Maine

3071 St. Gideon, Quebec 218 4 - gr

3055 Hallowell, Maine 190 140 g

1684 Franklin; N.J. 215 190 h

1677 Lewis County, N.Y. 218 170 h

1782 Nippising, Ont. 127 70 i

3082 Six mi}es N of Kingston, Cnt. 70 150 o

3079 Cne mile S of Jonesboro, 39 80 gr

Route 198, Maine

b Syenite

e Gneiss

h Amphibolite

f No information
g Metasomatic rock
gr Granite

1 Pegmatite
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Table 4.4 Uranium and thorium contents of tltanite in various

rock types.

Rbck description

Reference

+ %

U ppm Th ppm
~Metasediments 40-50 - '
Mafic (amphibolite) 50 - Dostal and Capedri
Mafic (granulite) 50-88 - (1978)
Cataclasite from 140 - Dmitriyev et al.
albitite (1979)
Unlmown 10--700 - Rich et al.
(1977) Table 1, 2
Unlmown 0:5-1.3 - Yeliseyeva (1977)
Table 3
“Granitic rock 39-1380 10-3150 :
Granitic rock 70-280 20-375 Hurley and Fairbairn
Granitic rock 105-300 20-1070 L(1957) '
Diorite 350 - Ingers n (1954)
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I

Table 4.5 Fission-track uranium determination in titanites from
country rock (gnelss) along Highway 6UB(S) near

Cardlff, Ontario.

Specimen No. Rock Description Crystal description Uppm
CR.D=z Quartez-blotite gneiss Subrounded - 250
_ Subhedral * 235
Rounded 232
Fragmented 132
PE.16 Quartz-biotite gnelss Luhedral 270
Subhedral 211
Rounded 166
CR-1 . ) Hornblende-bliotite Subhedral 271
‘ Same 269
Subrounded 235
Euhedral 257
CR-PWl Hormblende-dicpside Euhedral 306
) gneiss Fragrent 287
Rounded 268
CR-PW2 Hornblende gneiss Rusty-brown 380
- Euhedral 359

#2r



Table 4.6 Fisgion-track U determination in allanites from
ized pegmatite along Highway No. 648(S),
near Capdiff, Ontario (sample location in Fig. 3.0).

mylo

Core

Specimen No.- prstal\dggcription Crystal position Uppm
‘ MY-AY 1. Large, ;Ehgdral, zoned Rusty core 1373
: Yellow rim 1675
e .
2. -8mall, “éuhedral, weakly Rim 1742
zoned Core ‘ 1340
3. Small, euhedral, weakly Rim 1507
zoned Core 1340
MY-A5 4. Large, -euhedral zoned Rim 1206
' ) Core . - 1021
MY-A2 - 5. Largé, fractured, zoned Rusty-rim 1005
. . _ : Opaque core ga1
6. Subﬁedral, fractured, zoned Rim 1825
Core . 837
Rim 1675 .
. Core 869
PON-A 7. Dark-brown, fractured Rim 1842
Core 338
8. Small, subhedral Rim 1926
Core 1038
PW-MG. 1 9. Unzoned, subhedral Rim 1297
- Core 1105
10. Cigar-shaped, fractured Clear core 971
‘ Rim 1306
R Rusty core 1026
) Rim 885
Crack 1405
At P ey
MY-AD s 11. Rusty-brown "Rim 1879
’ Core - 1095
Y
12. Small, weakly =zcned Rim 1750
1158



Table 4.7 Partial microprobe analysis of allanite from
mylonitized pegmatite (PW-MG1) along Hlghway

No. 648(S}, near Cardiff, Ontario (Sample location in<F1g.3.0).

No. Element

Rim 1 Rim 11 Core
1 Si0, 32.26 29.19 30.89
2 Fe203 2.31 2.15 3.14
3 Cal 3. 43 7.99 10.93
@ 4 Tho2 0.13 0.76 0.21
" uo2 0.00 0.00 10.00
6 Cez0j; 14,57 9.42 10.58
v 7 La203 9.51 6.18 9.24
8 Nd203 2.35 2.61 2.39
9 Sm203 0.26 0.43 0.37
Total % 64.82 58.73 67.75°
.‘w ‘
Rim 1: Light brown unaltered zone
Rim 11: Dark brown altered zone
Analyst: Paul Mainwaring
(Note: Al iron is quoted as Fez03 and all uranium as U0p) -
N ‘
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number of uranium-rich domains which appéar as fission-track clusters
(Plates 4.4 and 4.4R). They are distinct mineral phases in allanite
crystals rather than alteration products. \
Allaﬁites generally show prominent alterations. Slight increase
in the uran;gm content wés noted in altered zones by using fission-

track radiographs.

Zircon: Distinctly body-zoned zircons show evenly distributed tracks
throughout the crystéls (Plates 4.5, 4.5R). No uranium enrichment was
observed within ﬁark btands in zoned‘zifcons (Chapter 3). The crystalline
~zircons have a lower uranium content (3082 - 4793 ppm, Table 4,8) than the
wnzoned metamict variety (cyrtolite) (6100 - 6500 ppm,). Microscopic
inclusions within metamict zircons appear as tiny clusters of fission-
tracks throughout the crystals. Some of these clusters are hardly
distinguishable frop other tracks, therefore chanées are great that the

measured values may represenﬁ a mixture of uranium present in the crystal
| structure and contained in inclusions of submicroscopic dimension in the
zircons. . These inclusions were isotropic (metamict)} and too fine-grained
for idenfification by X-ray diffraction or optical microscope.

Fission—tfack radiographs of the rim-zoned varietylof éircon reveal a
- distinct uranium enrichment in their rims The wranium-rich rims are zoned
and often incoﬁpletely developed. They are comparable with earlier
described body—zdned zircons (Table 4.8) whereas uranium concentrations
in their cores are variable (2300 — 4350 ppm U). About 5% of rim-zoned

zircons show fairly evenly distributed uranium throughout the crystal.
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Table 4.8 Fission-track uranium determinations of zircons from

Specimen #

Crystal description

Crystal Portion

mylonitized pegmatite dykes, along Highway No. 64E(S},
near Cardiff, Ontario. ( Sample location in Fig. 3.0).

U ppm

MY-A2

MY-AL

© MY-AS

PON-A

PW.MG1

MY-AD

10.
il.
12.
13.
.1h.
15.
16.

17.

. Semi-Isotropic

Euhedra], rim-zoned
Eyhedralﬂ body-zoned

Small, rounded

Body-zoned

Euhedral metamict (cyrtolite?)}

Body-zaoned

Small, rounded

. Weakly-zoned

Rim-zoned

Small, rounded isotropic
(cyrtolite?)

Small, rounded
(unzoned)

Small, rounded
metamict

Clear, rounded,

(weak Ty zoned)
vy~

Rim-zoned

Fragmented,
{body-zoned)

Rim-zoned

Core

Rim
Core

Rim
Core

Core

Core

Core

Rim
Core

Core

Core

Rim
Core

Core

Core

Core

Core
Core

Rim

‘Rim

Rim
Core

Core
Core

Rim

Core’

3350

4522
4355

4492

41450
4325
4205
6500

4793
4568

3980

3795

4922
k355

6351

<4125

3906

6230
6100

3350
3082

4555
2305

4390
11420

5300

k210

/
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By microprobe techniques uranium-rich rims in the rim-zoned ziféons
show a chemical composition different from the unzoned uranium-poor cores
(Table 4.9).

Accumulation of uranium at the margins of zircons with or without the
formation of new zircons has been described by several aﬁthors (Ahrens,
1965 Veniale et al. 1968; Gulson aqd Krogh,” 1975; Gulson and ﬁutishauer,
1976; Clark et al. 1679; Rimsaite, 1980).

The geﬁesis of different varieties of zircon with a brief description
of uranium enrichment in the rims of rim—zoned zircons is given towavds the
end of this chapter.

Monazite: Monazite generally shows a hOmogéneous uranium distribution
throughout the ¢rystals. No variations in U content are observed in spite
of evidence of alteration in the crystals. Uranium concentrations géeatly
differ from one grain to another (2361 opm to 3182 ppm U) (Table 4.10).

Opaque minerals like magnetite and ilmenite occasionally show fission-
tracks. They appear to have originated from widely distributed cracks ard
tiny patches (lgucoxene?). ‘

~ The data existing in the literature on the uranium content of titanite
(Table 4.3 and 4.4) and zircon (Table 4.11, 4.12 and 4.13) are quite
variable, but the values in general are comparable to those reported by
this author (Tables 4.1 and 4.8).. '

Uranium content of individual minerals varies from rock to rock or
withiﬁ a single rock from one cryspal to another. It also depénds'on
whether the min él\is a minor accessory or an abundantly crystallized
phase (Table A.l% and 4.12).

.Inhomogeneities of uranium content across individual crystals of
. bl
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Table 4.9 Partial microprobe analysis of rim-zoned zircon -
{no. 17 in Table 4.8) from mylonitized pegmatite
(MY.AD), along Highway No. 648(S) near Cardiff,

Ontario.

No. "Element Rim Core
1 Si0, 31.71 32.23
2 Fes03 . 0.28 0.42

3 Ca0 2.90 0.93

4 Ti02 0.01 0.00
5 Thoz 0.05 0.12
6 uoz 0.61 0.40
7 Zr02 . 56.82 60.78
8 Nb20s 0.62 0.59

Total % 92.79 95.67
Analyst: Paul Mainwaring

(Note: A1l iron is quoted as Fe203 and all uranium §§\y02);
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Table 4.10 Fission-track uranium determinations .of monazites
from mylonitized pegmatite-dykes along Highway _
no. 648(S) near, Cardiff, Ontario. (Sample location in Fig. 3.0).

Specimen # Crystal description C?F.CryStal portion Uppm
PON-A 1. Euhedral, slightly Core 3015
altered _ Rim 3182

2. Clear, euhedral =V Core 2680

Core 2361

MY.AD 3. Slightly zoned Core 2847

PW.MG L, Euhedral, zoned Core 2945



Table 4.11 Uranium and thorium contents of zircons in various rtock types.

Rock Description U ppm - Th ppm 3mnroaw Reference

Radioactive pegmatite {Mada-
waska Mine, Bancroft, Ont.)
1. fine grained cyrtolite 6130 - iD Rimsaite (1980)
2. coarse grained cyrto— 5670 - AD Rimsaite (1980)
lite. (refined) _

Plastically deformed ‘ .

albitite ~ 530-1000 - FT Dmitriyev et. al. {1979)
Metamorphic wonrm ’ . .

2. mafie (granulite) | NK ostal & Capedri (1978)
Unknown : 520-2580 - . NK Yeliseyeva (1977)

Lauterbrunnen crystalline

complex.
1. metasediments - 618-794 - NK
2. granitic rock 624-887 . - NK Gulson & Rutishauser (1976)
3. granitic rock 945-1535 - NK -
‘Ouzzal granulites (Algeria)
1. clear zircon 3620-5820 431-0.11 NK .
2. brown zircon 2200-1100 3000 (Av) NK Lancelot et al. (1975)
Rapakivi granites : ‘ _
{average of 40 specimens) 49-2326 - FT Gulson & Krogh (1975}

cont..
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Rock description U ppm . Th ppm Method¥* Reference
Metamorphic rocks N
1. detrital paragneiss 350-650 - MpP Koppel and Sommerauer (1973)
2. zireons in their 1100-6000 - MP
present day parent
rocks
Pegmatite 7800-8640 - FT
Quartzite inclusions
in pegmatite 715-852 - FT Grauert et al. (1974)
Country rock 156-768 - FT - :
Leucogranite (Central- 1190-10000 - Ls Barmov and Tung (1.961) )
Kazahkstan) .
Granitic rock 312-3000 74-2100 NK
Pegmatite 81-25200 10-7500 NK
Granite 1030-1700 390-680 NK Hurley and Fairbairn (1957)
630-1700 75-475 NK (Tables: 9a, D, C.)
380-477 NK

670-1325.

#MP: microprobe; FI: fission-track; LS: Luminecence; ID: Isotoplc

¥

dilution; NK: Not Known.

limm



52

Table 4.12 Uranium and thorium content of accessory zircons
from granitic rocks. {Modified after Hurley and
Fairbairn, 1957, Table 1). ' '

.No. . Locality Quarry U ppm Th ppm
3004 a Massachusetts, 3 mi Lineham 1210 375
WSW of Peabody
b | . 510 205
c =7 405 130
3005 a 0.5 mile WNW of Flats 2765 1890
Rockport Ledge .
b 2270 1200
o . 1320 740
3006 a2 miles WNW of Blood 970 550
Rockport ' Ledge
b . 630 380
3106 a 1.7 mile NNE of West 2004 915
. Milford

b 2080

/
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Table 4.13 Uranium and thorium content of coarse grained zircons
from pegmatites, (after Hurley and Fairbalrn, 1957).

v

No. Locality U ppm Th ppm
1661 Iredell County, N. Carolina 580 500
1669 Bucombe County, N. Carclina 730 1650°
1659 ~ Renfrew County, Ontarlo 140 10
1660 Brudenell Township, Ontario 105 50
1795 Hallburton County; Ontario 3520 1080
1800 N. Hastings County, Ontario 3550 3020
1799 N. Hastings County, Ontario 4380 3840
1801 Madawaska, Ontarioc 25 200 1600
1805 Haliburton, Cntario 5380 500
1797 | Grattan Township, Ontario 6400 1050
1681 Leeds County, Ontario | 81 93
1962 Wilberforce, Ontario (Treated) 4000 100
1958 Clclahoma (Nonmetamict) 300 675
1960 Oklahoma (Metamiet) 1550 7500
1678 ~ Harmond, New York 1570 600
1677 Lewis County, New York 800 10
2088 Scuth Africa 1020 355
3038 Ceylon 5850 600

e
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of titanlte, zircon and allanite studied by this authbr dre in
agreement with observatlons of several other authors described below,

Barnov and Tung (1961) studied the irregular distribution of
uranium in zirecons, titanite and monazite by using autoradiographs.
They described the relation between uranium content and degree of
alteration of thesé minerals.

Veniale et al. (1968) described the petrologlcal significance
of acceséory zifcon in the granites from Baveno, Mount Orfano and
Alzo (North Italy). They discussed the presence of significant
amount of rownded, corroded, altered and cloudy (detrital origin)
zircqns often overgroun By an euhedral shell of magmatic zircons.
They noted the ceficlency in silica content of the old cores and
higher content‘of Hf and radlcactive elements in zoned rims. The
core of same crystals were cogsidered significantly-glder than the
assoclated zircons. They described the formation of zoned rims by
circulating solutions remcbilized during the Alpine orageny.

Gravert et al. (1974) studied zircons in metaguartzite from
the Italian Alps. According to them uranium was added in the zircons
by absorption, without new crystal growth. However the process of
aﬁgorption of U by. zircon crystals is not explained.

Gulscn and Krogh (1975) discussed the addition of U to zircons,
with the formation of new zircon crystals. They studied uranium-
rich rims in the zircon crystals and described them as overgrowghs
which probably formed during regional metamorphlsm. :

Gulson and Rutishauser (1976) also observed the uranium
enrichment in rims as compared with the body of the zircon crystals.

They described the uranium-rich rims as new zircon growths, possibly
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formed from grenitic Fluids (granitization) rather than
recrystallizatiqn of older detritdl zircons.

" Clark et al. (1979) descfibed the addition of uranium to the rims
of zircon crysﬁéls:: They studied zircons with distinct cores and
overgrowths exhibiting uniform Zr and Hf concentrations across the
crystals. The high uranium rims contained high T1 and Pb (radiogenic).
These observations lead to various possibilitiés withduf.any definite
conclusion. High U ard Pb content aroﬁnd the edges of the crystals
Indlcate either 1) new crystal overgrowths (with associated uranium)
or 2) uranium gain either from previously high uranium core or

absorption and diffusion into the outer rim from an external source.

\

4.2 RADTOACTIVE MINERALS

The most common radioaétive mineral in pegmatites from the map
area 1s uranothorite. Uraninite is less conmon, but loecally
abunéanf in shear zones within pegmatite. Cyrtolite, a wranium~rich’
variety of zircon is ancther common mineral having considerable uranium
content (up to 0.7%). No radicactive minerals were observed 'in the -
country rock.

Urancthorite. Uranothorite is a uranium-rich variety of thorlte

(ThS104) (Steacy and Kaiman, 1978). Lang et al. (1962) defined
uranothorite as a variety of thorite with more than 5 percent welght
U. It is a non-metalliic minera] characterized by its yellow color and
isotrople nature under'%he microscope (Plates 4.6 and 7.0).

Uranothorite occurs as anhedral to rounded crystals within
magnetite and ilmenite, generally enveloped by a thin band of hematite
(Plate 4.6). It also occurs as inclusions inslde titanite,

(1.3 and 1.3R), allanite, (4.3 and 4.3R), and zircon. Qualitative
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microprobe analysis of one uranothorite grain revealed the presence
of lead (radiogeﬁ;cé) alohg a fyacture. ‘

The anélysis of 11 uranothorite specimens from Eastemn Ontario By
Robinson and Abbey (1957) indicates that the uranium content of
uranothorite ranges from 1.68 to 20.73% U308 (Table 4.14). Some of
these values may be in error because the specilmens were contaminated
along a network of microfractures (Robinsonland Abbey, 1657). The
values reported by this author by using microprobe techniques on

24 uranothorites from the Bancroft area of éouthern Ontario range
'.-from 2.8% U308 to 25.88% U308 (Table 4.16).

Uraninite: Uraninite is a black metallic mineral (UO2). It

':';;occurs as subhedral to anhedral grains in sheared pegmatites.

r_iUrahinite is generallyfehvélopeq.by.a.thin'Bahdfbf'ﬁéﬁéﬁiﬁe; like those
on urenothorite. It also oceurs as inélusions inside titanite, zircon
and allanite. It is alsé fourd-within altered xeﬁocrysts of amphipole
anq pyroxene in the hegmatitesa |

. The reported vaiues on the uranium content of waninite from
Cardiff, Faraday and Mormouth areas (Robinson and Sab:ina, 1955) range

from 62.7 to 73.0% U Og (Table 4.15).

3
The author was not able to determine the uranium content of
uranothorite or uraninite by fission-track method because of the
overlapping of tracks due to the high uranium content of these minera}s.
Uranotherites were analyzed for U and Th by using the miéroﬁrobe

technique (Table 4.16).

4.3 COMPARISON OF FISSION-TRACK AND MICROPROBE RESULTS
For a comparison of fission-track and mieroprobe results four

polished thin sectlons were analyzed by microprobe. Chemlcal
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Table 4.14 Partial analyses of uranothorites from Easterm Ontario.

(Modified after Robinson and Abbey, 1957).

No. bLocality Ty - U308 o thzz
1 Topspar FlgoritérMines | 13.94 46.78
2 Bicroft Mines _ 12.31 43.49
3 Roford bropeﬁty, Monmouth 5;78 57755
Township ' ' 2
4 Fission Mine ‘ 11.32 49.08
5 Kenmac Chibougpmau 11.72 51.56 .
ZB Kenmac thB;ﬁgShau . 10.83" 48.29
7 Sebastopol Tg#%ghip 10.73 49.92 ’ ‘
8 Silanco Préperty, , .. 9.0, s52.42 |
Monmoth Township
’ - ‘ 58.98

10 Bicroft Mines,

11 Rockingham Mines

Monmouth Tgwnship

9 Siléncorpr%pérty N ©1.68

Brudenell Township

Average ﬂk,;*g
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Table 4.15 Uranium and thorium content of uraninites and
» uranian thorianites. (Modified after Robinson
and Sabina, 1955, Table 1),

-

/f’/—jf) - . No. | ._Location . - ‘ U308 % 1- Thos% |
‘ 1 Cardiff; xx;7 ‘ 73.0 7.7
— | £
. 2 Faradqy; xi; 16, 17 _ 70.0 7.7
3 vakefield; 111526 69.0° . 8.1
4 Cardiff; xi,xi1;27,28 65.0 7.7
é .. Cardiff; xv;6 i . ' 66.7 8.5
2 ) 6 Cardiff; xi,xii;27,28 ’ s 9.2
’ 7 Cardiff; xxi;9 T 66.7 10.0
8 Cardiff; xvii;A ~ 62.8 13.6
9 Cardiff; xix;2 o 62.7 14.3 -
10 éakdiff; xii;29 - : 68.0 17.0
11 Faraday; A;29 k6.0 35.0
12% 7 G?and.Calumet;vii;29 , - 39.8 41.0
13% Dungannon; xvi;1h 40.0 46. 4
]4* Huddersfield; v;21,22 36.3 “hq9,7
15% Huddersfield; iv;20 25.0 5.5

%

< .
* % Uranian thorianites
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Table 4.16 Partial'microprobe.analyses of uranothorites frqm
: mylonitized pegmatite along Highway No. 648(3) *e.
‘near Cardiff, Ontario. ( specimen # PW-MG1).

No. U0, ThO,%
N . 925 52.63
201935 Y 48,29
3 w3 | s6a22
4 7.24 - wk\\\ﬁ__Q{L;S
5 | 16.28 | 61.77
6 10.27 57.86
7 23.26 48.89
8 23.89 © 50.24
! 24.08 - 50.78
10 8.76 54,86
i1 ‘7-55 57.67
12 - 2591 ’ 50.38
i3 | ;,/’/// 24,58 7 49.27
14 2.80 '39. 80

. Analyst: Paul Mainwaring

-

e e ————
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composition of titanite, zifcon, allanite gnd uranothorite were
-determined at diffefgnt points across the crystals. Two of the
thin sections were then irradiated to get the fission-track
radiographs. ‘

Microprobe techniques were found insenéitive_for deterﬁiéations
of low uranium concéntratiqns (<1000 ppm) in ﬁost of the titanite
and In some éllanite crystals (Tables 4.2 and 4.7), whereas
uranium content of these minerals.could be determined by fission-
track method (Takles 4.1 and 4.6).

Uranium coﬁtent of zircon determinéd.by fissibn—trgck method
(Table 4.8) is in agreement with the values determine;bgy microprebe
- (Table 4.9) in the same crystal (No. 17, Table h:8).

Fission-traclk uranium determinations in titanite, allahité énd
zircon crystals revealed the presence of a numbef of tiny élustersl
(inclusiohs)._ The, values reported in Tables 4.1, 4.6 gnd b.8 are
measured away from such clusters.

Uranium content as low as 100 ppm wasémeasured iﬁ some cracks and
inclusions within magnetite and ilmenite grains (Table 4.17) whereas
no uranium wés recognized duriﬁg\gualitative microprobe analysis of
.these features. ' )

Clark et al. (1979) studied uranium distribution in zircons with the
electron microprobe. They described the method as unsatisfactory
because of 1is sehsitivity limitations. Accofaing to them the fission-
track method is much more sensitive and satisfactory for such studies.

The fission-track method has the disadvantage that it cannot

measure high uranium values, whereas the microprobe is not limited
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Table 4.17 Fission-track wranium determination in.cracks and along
grain boundaries in pegmatites from Highway No. 648(8)
near Cardiff, Ontario. (Sample location in Fig. 3.0).

Sbecimen No. Descripticn U ppm

MY-AL  Crack following magnetite 35 )
grain-bowndary
Same crack (fission-track 52
cluster)
Crack fdllowing magnetite- 31
o quartz grain-boundary
Same crack ' 51
PE-14 Crack passing through sheared 16
quartz
Crack following magnetite- 43
quartz boundary :
Crack following quartz-quartz’ 18
grain-boundary
Sane crack as above 63
(different spot) -
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+ with. respect to high U concentrations. The highest value of uranium

=~

measured dﬁring the present investigations was about 6500 ppm  (Table 4.2).

Dmitrijev et al. (1979) gave the limitations of fission-track
determination, ranging frém ygs low as 0.1 ppb to about 10%. MeCorkell
(persdnal commnications 1981) says that with a sufficiently small neutron
dose the upper limit of fission-track method could be 100%, whereas the
lower iimit is about 10 ppb.

Uranium content as low as 0.8 ppm was measured by this author in some

fused glasses of rock powders (Table 1.1).

=
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CHAPTER 5. STRUCTURAL CONTROL OF U MINERALIZATION

In general terms, the localization of Granium deposits of
endogeneous origin along lineaments or fault lines has been
observed and described by severai authors (Ruzicka, 1971; Beck, 1964).
| Ruziéka (1971) described linéanents as fafourable places for
the loqation of mineral deposits which éan be therefore used as
oriteria for prospecting. He discussed structural controls of
uranium mineralization in Czechoslovakia and gave a review of the .
distribution of uranium deposits in the Bohemian Massif and along -
selected fault lines (Figure 50). An alignment of the uranium
deposits can be seen aleng such lines. |

Ruzicka (1971) defined a lineament as & thick zone or a fault
line partly intruded by igneous rocks, locally géomorphologically , f
predisposed to basins and grabens. It may be the boundary of
geological complexes or units.

On a smaller scale the shear Zonés and fissures tectonically
related to the lineament could be favourable sites for uranium
concentration.

In Cardiff and Monmouth areas,,5ost of the uranium deposits e
1ie within the Grenville Supergroup paragneiss, amphibolites and
marbles mantling tﬁe granitoid domes and bathollths. A.vague
alig;ment of the uranium deposits within these rocks can be seen in
‘"Figure 5.1. Lineaments No.4, 5, 6, 9, 10, 12, 14 and 15 on the

map represent the prominent fault lines, from Hewitt's geologiecal

map (1957-1). The lineaments No. 1, 2, 3, 7, 8, 11 and 13
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in figure 5.1 were added from a Stﬁdy of aerial photographs under the
stereoséopé. Some of these lines (1 and 7) are morefhypothétical ‘
and were drawn by joining known uranium showings.

The Bicroft lineament (No. 14) was mapped on a scale of 1:15000
to determine uranium distribution as a function of distance from the
lineament. The following observations were made during the mapping
(Fig. 5.2):

1) Uranium concentration is mainly restricted to the pyroxene syenite
pegmatite and pyroxene granite pegmatite that follow the lineament.
2) Other types of pegmatite within the lineament (leucogranitic
pegmatite, syenitic pegmatite) do not show any uranium enrichment.

3) Nearly 70% of the radloactive pegmaﬁites cceur near the lineament’
and the remaining 307 is distributed randomly away from the _
lineament within rocks of the Grenville Supergroup mantling the
Cardiff Pluton.

4) No prominent deformation zEnes were observed except cne narrow
B-type mylonite band (5-10 cm wide) inside one pegmatite near the
lineament. No striﬁing differences were noted’in counts over the
mylonitic zones and the adjacent undeformed pegmat;te.

On a more detailed scale (1:1 to 1:10) the well—devéloped
mylonite zones in pegmatites near Dyno Mine (working area "A™)
generally show a strong positive relationship between the uranium
concentration and the shearing (Fig. 1.1). )

No lineament is marked here on the geological map by Hewitt

(1957-1) and no 1inear features were observed on aerial photographs

either. Lineament "7" marked on the map (Fig. 5.1} is hypotheﬁical

and drawn by extending’éhe fault line "8" southward.
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FIG 5.2
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Flg. 5.2 Geolbgical map of the Bicroft Lineament area.

LEGEND

Granitilic rocks:

lg Granltic gneiss

.

lp Granitic pegmatite

Syenitic rocks:

2g Syenitic gneiss
2p Syenitic pegmatite
2gh Interbanded syenite and amphhibolite

Gnelssic rocks:

3b Quartz-blotite-plagioclase gneiss
. 3h Hornblende-plagloclase gneiss
3f Quartz-feldspar gnelss

3s Garnet-sillimanite gneiss,
Sillimanite gneiss

(CPM)

> 100 o

—_—— Outcrop boundary 100 - 200 ®
' 200 - 300 a

300-- 500 a

_________ Geological boundary 500 - 1000 ©
1000 - 1500 W

< 1500 .

Lineaments
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A number of well defined lineaments occur inside the granitoid domes
and batholiths (outside working area) (Fig. 5.1). The linéaments 3, 5, 8,
13 and 15'we?e'investigated by this author during the field work of 1979.
No variations in the uranium distribut?on were observed within‘and-away
from these lineaments, (Table 5.1) during the reéonnaissanéé scintillation
counter survey. Mylpnitization (B—tyﬁe) was observed in granite and
pegmatitic granite within lineahent "5". The scintillation counts in§ide
and outside the mylonite do not show any systamatic variation.

MyloniticAzones in marbles of the Grenville Supergroup exposed along
Monk road near the junction of Highway No. 28, nearly 4 km WSW ofkéancroft
were checked by scintillemeter. Low counts (75-100 cpm) were recorded in
marbles within and away from the leonite zoﬁes (Table 5.1).
\\V_Qn the basislof field studies it appears, therefore, that no imme?iate
connection exists between lineaments and uranium distribution. Pegmégites
commonly have a higher U content than granités and gneisses. They are not
réstricted to the lineaméhts. Granites and gneisses inside a linezment do
not show higher uranium concentration than rocks away from it. In most
cases, a rough alignment among the uranium deposits in the area does not
‘coincide with any visible lineament (fault line). o

Iﬁ contrast, a connection between the shearing and the distributiqn of
uranium occurs on.the outcrop scale. For instance, "A" type mylonites in
pegmatite along Highway No. 648 (S)‘show a five to ten time higher

radioacitivity (Figs. 1.1 and 1.1a) than B type myloniﬁe in the same rock.‘
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Average scintillation counts (cpm) distribution across

lineaments in different rock types (outside working

N\

Lineament #

Rock Description

Average

Scintillation
counts (cpm) .

area) near Cardiff, Ontario. (Lineaments location in F.g. 5.1).

Remarks

15 - 6.

13" 1.

12,

- 13.

Coarse-grained granite
to granitic pegmatite
{mylonitized)

Granitic pegmatite
{undeformed)

Leucocratic granite
Leucocratic 'granitic
pegmatite

Leucocratic granite

Coarse grained granite

with some magnetite
and titanite. -

Syenitic pegmatite
Leucgcratic granite
Granitic pegmatite
Granitic (leucocratic)
Harble-(mylbnitized)
Marble (mylonitized)

Marble

120-150

100-150
100-150
120~150

© 100-120

150-200

Ef§200

100-150
120-150
i00-120

75-100

75-80
75-90

Possibly within
lineament.

Within lineament?

© 4 mwest of No. 1.

Within lineament?

.8 m west of No. 1.

Qutside lineament?
20 m west of No. 1.

30 m wes; of No. 1.
Possibly within
lineament.

5 m east of No. 6.
10 m west of No. §.
20 m west of No. 6.
30 m west of No. 6.

Possibly within line-
ament along Monk Road.

10 m west of No. 11.

50 m west of No. 11.

cont..
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- : Scintillation
: ' . counts (cpm)

3 1. Pegmatitic gran}te 120-150 Possibly within
‘ granitic pegmatite : lineament. -
{mylonitized) - .

- - &
2. Pegmatitic granite and 120-150 Within lineament

granitic pegmatite b m west of
{undeformed) . . mylonitjized
‘ pegmatite.-

3. Granite (leucocratic) 100-150 Within lineament?
8 m west of
) ' mylonitized
T R N _— . pegmatite.

-

b, Granft$-(Leucocratic) -100-150 Outside -1ine-

Voo . .. anient 20 m west
) _ - of mylonitized
:i::r—‘ : pegmatite. -
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type mylonites. Both BAT and "B" type mylonites were deformed

5.1 MICROFABRIC AND URANIUM DISTRIBUTION

A detailed scintillation counter mapping (1:1 to 1:10) across ~
the mylonite zone in pegmatites (outcrops No 1 and No. 3, Fig 1. D)
suggests ‘that radioactivity generally increases 'with increasing
deformation, as characterized by the elongation of quartz and the
kinking of ﬁeldspar and going up to complete. re crystallization of
quartz and in some cases ilmenite.

L]

On the other hand no such enrichment was observed over "B"

A

plastically and recrystallized. They are parallel to each cther,

striking N120°E and dipping subverticallyf’.They may occur side by

side within individual pegmatite dykes (Figs 2.1 and 2. 2). From

‘the structural point of view, they show no appreciable difference
TN
in‘style or intensity of deformation. Thus the "B" type nylonites
do not show any'uranium enrichment, although they thave a microfabric
similar to that of‘ the "A" type mylonite. Tt does \not seem-that the
texture is. the main’ control of uranium distribution ‘
It will be shown later (Chapter 6) ‘that the controlling factor
-of uranium concentration and mineralizatﬁén\is the petrology and
geochemistry of the. rock. However, the mylonites themselves are
important features for the localization and concentration of

‘
uranium They provide perneability for uranium—bearing solutions

along cracks which are much more abundant in these zones than in
the adJacent parts of the pegmatites

Grain boundaries are ?%Eer passages "along which solutions can

. Jmove. Mylonitization involves granulat&on which increases

! .
the total surface area of the deformed grains, thps

LS

-’ ) . ! o . . \‘ .
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providing more chammels for migrating solutions.

- Uranium along the mylonite fabric planes is contained within

titanite, zircon, allanite, monazite, cyrtolite, uraninite and

uranothorite. : ‘




" CHAPTER 6  GEQCHEMISTRY

-Twenty seven épecimens from pegmatites and seven from thé\\
countf&ﬂrock (gnelss) were analyzed by X—ray fluorescence’ for
19 elemeﬁts (Table 6.1). Pegmatltes were grouped into two
categories on the basis of their textural differences: |
1) undeformed or slightly deformed pegmatites (13 specimens),
2) highly defbrneq¥and ﬁylonitized vegmatites (iﬂ‘specinens}. ’

Uhdeforﬁed and lesé deformed pegmatites were subdivided accordinéi
to their radioactivity determined in the fleld by using scintillation-
counter, into la) uranium-poor pegmatitgs (10 specimens); ané'lb) uranium-
‘rich pegmatites from uranium mines, adjacent to ﬁhé working area
(3 specimens). ' '

Mylonitized pegnatites were further divided into :
2a) uranium-rich (A-type mwloniteé (1O specimens), and
2b) uranium-pcor (E—type mylonites (4 specimens).

The sillea content of country rock ranges from Mj'to 56
percent, which ié congiderably lower thann}n.the pegmatites (60% to
70%) in spite of their téﬁtur&;.variations. Three urahium—rich
pegmatites of group 1b show silica content'slightly lower than other
undeformed, urahiumhpodr pegmatites (la). One sam@le of magnetite-rich
mylonitized, highly radicactive pegmatite (FW-MG1) shows abnormally
low (54%) silica content.

Sodium, caleium andlmagnesium QO not show any systematic variation
but their concentration i; generally higher In country rock than in.
-pegmatit:es.

, olliea, pgtassium and iron contents of pegmatite and country roqk

(gnelss) reveal three distinet trends, nlotted in Fig. 6.1
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TABLE 6.1 Chemical analyses of pegmatites and gnelsses by X-ray fluorescence method.

m.unuu s1o,  Al,0, Fey 05 Hg0 Ca0 20, Ka0 TIo,  Pa0s Mo - S Ba Cr Ir S R In  Cu - Mg
*
PE-1h 76.16 13.1C .37 U.GO c.17  3.2% 6,82 0.05 0.00 0.01 0.01 386 o 146 116 L7 0 160 (A
pE-3h5 68,36 12.87  0.45 0,00 6.21 3.06 7.50C 0.01 0.00 0.01 o.01 447 ] 50 133 375 0 97 1
PE-78 73.56 13.42 - 1.BO 0.13 6.35 3.60 6.59 0.09 0.00 0.94 0.0? 100 ¢ 148 101’ 308 0 17 6
PEG-1 75.13 14,34 1.DB g.00 " 1.03 5.64 2.5% 0.¢1 0.00 0.01 0.01 12k 9 62 147 11} 0 0 13
PEG-2 75.18 14,45 1.D6 0.00 1.03  5.81 2.61 0.01 0.00 0.00 .01 133 0 61 1kh 111 0 ) 0
bEG-3~  71.33 3.7z 1.37 0 0.0 v.15  3.17 7.44 o.io 0.00  0.00 p.ot 305 0 w0 97 3 0 0 12
PG5 72.66 14.03 2.00 0.0h ns 331 7.56 0.10 0.00 0.0} 0.01 387 5 e 102 8a. 7 0 0
PON-C 7417 _uywm 1-17 0.19 0.45 3.55 6.63 0.20 0.00 0.00 0.1 4io 4 17 112 319 [ 0 b
POM-2 70.52 15.98 0.71 0.03 0.18 3.54 9.03 0.04 0.00 0.00 0.00 510 ] 23 138 ko8 7 0 10
PON-3 73.70 13.70  1.75 0.04 0.16 3.60 7.6 0.06 0.00 .0.00 0.00 420 3 258 98 320 0 ] 12
ik . L
HY-Al 75.20 9.7} 6.98 0.09 0.1 2.49 4. 87 0.16 0.00 0.01 2,01 332 <50 39h B4 283 <30 0 <0
HyY-A2 74.90 9.80 6.90 0.06 0.15% 2.49 h.B8 0.16 0.00 0.01 0.01 335 <50 Log +B9 237 <30 c <L0
HY-A3 75.86 10.98  3.6% 0.04 0.48 3.18 5.79 0.06 o.c0 0.01 0.02 264 0 780 BB 243 5 0 6
KY-Ah 76.43 11.16  3.6! 0.06 0.48 3.14 .8 0.06 0.00 ¢ 0.0% 0.02 263 L 788 93 248 6 9 - &
HY-AC 76.22 11.04  3.62 .00 .0.49 3.1k L. 80 0.06 0.69 G.01 0.02 262 ¢ gor 99 241 10 0 3
HY-AD 72.86 11.45 €.21 . 0.06 0.58 3.3% 5.0% 0.28 0.00 0.04 0.01 136 0 706 105 252 22 15 19
A-1 77.83  9.39  L_BA 9.03 0.3z z.h2 L. 49 0.07 0.00 0.01 2,02 229 0 675 86 213 06 - 0, A
POR-A 73.22 i1.54 5.BB  0.05 0.59 3.35 5.07 ¢.78 0.00 0.04 0.00 329 16 621 115 245 24 ) &
POH-B 73.20 13.85 1.36 0.0} 0.39 3.30 7.46 0.03 0.00 g.00 - €. 472 0 258 112 376 13 0 7
py-HG1 54,12 6.36 3C.B3 0.02 0.88 0.15 .69 1.30 0.05 0.17 0.01 248 15 2974 B3 180 170 0 0
2 s
Bic 60.256 12.62 6.51 2.64 7.22 k2 5.46  0.10 0.37 0.13 p.04 4393 ] 110 25y 268 2307 - O 6
ALP 67.79 12.37 .90 1.07 2.88 .40 5.30 0.0k 0.0} 6.18 o.00 238 1 g1 86 290 k32 34 0
DYNO 76.96 3.55 - 1.58 1}.00 L,51  3.63 2.44 1.51 0.03 0.0} 0.00 219 ] 1My 96 16h. O 25 15
hhkhi - M
HY-B1 76.96 412.87 0.53 0.06 0.55 0,01 3.15 0.55 0.00 0.00 6.02 235 6 750 129 138 ] 0 i5
MY-B2 71.55 1L.07  1.11 c.13 0.8 3.7¢ 6.77 0.76 0.00 0.0} 0.1} 799 0 129 2531 357 0 0 13
MY-B3 78.57 11,68  1.17 0.1 0.: 4,52 3.9 "0.10 0.00 0.00 0.03 238 22 928 126 135 33 0 13
PON-1 77.96 11.67 1.0 0.1 0.39 &M 2.82 0.10 0.00 0.00 0.03 245 14 912 115 140 Ly ] 13
ARk Adk ~
CR-PVI 56.60 12.8) 7.38° 4.08 12.47 5.0% 0.k6 0.1} 0.21 c.2 o.M wu 37 171 184 <15 107 c 18
CR-PW2 55.27 12.76 7-41 4.04 12.65 5.0k 0.h6 0. 18 0.24 0.20 0.01 90 26 173 am <15 131 0 13
"CR-PWY £5.99 12.86 7.42 .12 12.78 4.98 0.9 0.9 0.19 0.21 0.01 93 49 166 191 <15 135 0 V7
tR-DZ 53.89 14.07 c.9L4- 4.65 7.21 4,77 2.13 1.4 0.30 0.19 0.07 860 115 162 577 165 35 0 &6
PE-1 G7.41 15.31 13.41 7.35 8.4z 31.81 2.40 1.1 ¢.29, 0.2} 0.02 250 B8 91 206 222 260 0 L7
PE-16 .m_.rm 18.53 13283 1.02 5.1 6.10 1.23 1.08 0.3 0.11 0.0 2485’ 1] 1248 393 53 e 36 0
CRe1 47.29 15.52 12.45 5.77 10.10  4.23 1.22 2.09 '. 0.20 0.21 p.oz 12 285 110 235 31 2136 19 55
= Undeformcd uraniu—gpoor pegmatites . . . 5
It Iiyionitized peqmAatites {A-type) .
sak °  Undeformad yraniu—rich pcgmatlte - .
aasé  Mylonltized peamazite (B-typel
axaks Country rock .

“
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l,In this plot all uranium-rich pegratites (ekgﬁpt DYNO)
roughly fall together regardless of their textural differences.

HThey include all A-type mylonites and two of the three
specimens of undeformed, uranium-rich pegmatites. On thé
other -hand uraniﬁm—poor pegmatites in -spite of their texturai
differences fall together in a broéd fieldp They include all |

B-type mylonifes and undeformed uranium-poor pegmatites.

The pegmatites in general show a wide range of Si02/Fe203ret£o

(10 to 83) ( total iron as:FE203) which suggests that they may contain any
amownts of magnetite. . Sheared pegnatites also show great differences

between SiOz/Fe203 ratios of uranium-rich (A-type) and.uranium—poqp
(B-type) mylonitized pegmatites (Fig. 6.1). This indicates that &
any type of pegmatit¢ may be sheared regardless‘of their Fe203

content and tpereforé‘then there is no necessary relationship éﬁ
bétween shearing énd magnetite content. .

The most striking feature of Figure 6.1 is that only the
pegnatites having Si0,/Fe,0, ratio less than 20 are uranium-rich
(except Dyho-and PON-B).

The above. cbservation is therefore a chemical prpof of the
textuial iﬁferpretations and an easy way to know from chemlcal
analysis if U is present without determining it. |

Titanium and zirconium contents do not show-direct
relationships with uranium. High titanium“and zircoﬁium contents
are found ?n titgnite'and ilmenite-rich and zircon-rich rocks. :
Thése rocks are not necéssarily rich. in uranium.

The radicactive, undeformed pegmatites (No.l, Fig. 6.2)

carry 50 to 258 ppm Zr. On the other hand most of the mylonites
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120 . .
™ 6 Undeformed Pegmatite
@ A-type Peogmatite
0 B-type Pegmatite:
A Country rock .
110}k O Undeformed Radioactive Pegmatite
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(A and B types) ‘contain 258 to 928 ppm Zr (except MY-B2)
(No. 2 and 3 in Fig. 6.2). " One specimen (PW. MGLl) of A-type
mylonite carries up to 297h pom Zr (not plotted in Fig. 6.2).
Country rock (gnelss) generally#show values ranging from
91 to l?‘3 ppm Zr (No. 4 in Fig. 6.2), except one specimen «
(PE-16) which carries 1243 ppm Zr (not plotted in Fig. 6.2).
‘Higher zirconium content of mylonitized pegmatites (A and
B types) as compared to undeformed pegmatites agrees with
the crystallization of new zircon during or after defoimation
was acconmgnied by intreduction of more ‘gr into the shear Zones.
However, the high uranium content of A-type mylonites as campared
to B-type mylonites sﬁggests that zircons are not the only
@ommt sites ‘I%r uranium.
K/Rb ratios are roughly ;:onstant in all pegmatites and do
not show any systematic variations with changing texture or

uranium content.



CHAPTER 7. SUMMARY AND CONCLUSIONS

Tn Bancroft area, the lmportance of sheariﬁg in urardum
mineralization was discussed by various authors (Ruzicka, 1971);
Gordon et al.,(1978). Masson and Gordon (1979) noted
that "with few exeptions, stratlgraphy places ;aly a broad
.geochemical control on uranium mingralization, and that
structure and lithology are much more lmportant controls".

During the present investigation the microstructurai
similarities between uraniumfrich and uranium-poor nylonites
and differences of chemical composition between the two types
suggested that geochemical control is as ilmportant as
structural control in uranium mineralization in the Bancroft
area.

Petrographic studies and scintillation”counts distribution
mapping and fission-track measurements indicate that uranium is
accqmﬁlated along A-type myloniﬁe'zone ai compared to adjécent
undeformed pegmatite. ' . -

On the basis of microstructural evidence and studies of
fission-track radiographs, two g?perations of titanite, zircon
and allanite are identified in mylonitized pegmatites.

0ld titanite, allanite and'zircon show a concordant
relationship with mwlonite—fabrid. 0l1d titanite crystals often
show pressufé;induced twinning and bending of parting planes
, (Plate 3.7) indicgtive of its pre—shearing origin. New.titanite

crystals do not show such features, they formed after magnetite

s
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and 1lmenite in A-type mylonite. New zircons are often ° -
incompletely developed and truncated (Plate 3.11). The low
.degree‘of ¢rystallinity is oossibly Indicative of thelr
formation during the process of deformation.

Studies of polished thin—sections indicate the
recrystallization of ilmenite associated in-magnetite stringers
(Plate 3.4). The concordance of magnetite and ilmenire‘stringers
with deformed qdartz velns suggests that the origin of magnetite

and 1llmenite is pre-shearing or very early in the deformtation

0ild allanite and zircon crystals bear a concordant

///relationship with mylonite fabric which is indicative of ;neir
pre-shearing origin. New zircon formed elther as separate crystals
or as zcned overgrowths over old cores (élate 3.11). New allanite
crystals grow over old—crystale.

Both new zircon and allanlte show a uranium—enrichment by L 4
their fissien-track radiographs Partial microprobe analysispof
allanite and zircon crystals show that their rims (negkcrystals) ;‘
have a- chemical composition different from their cores (fables b7
and 4.9). J

~ These observations suggest that crystallization-oP\new grains .
in radicactive mglonites was accompanied by addition.of urenidm.

Uranium-enrichment along margins of old titanitefcrystals 15 )
possibly caused by the presence of microscopic radioactive

inclusions This author was able to recognize the presence of sqme

metamict inclusions along the margins of old titanite crystals on



are found within magetite, old titanite, zivcon and allanite ,
crystals (Plates 4.1 and.ﬂ.35 and in cracks preféfably along
mylonite fabric (Plates 7:9 and;%.OR).

The origin of pegmatites and scurce of uranium inlthe'
‘Bancroft area is a controversial topic. This author favors the
model of Fowler and Doig (1979). They found an age of 970 Ma
(Rb-Sr whole rock) for a radloactive pegmatite f&tﬁrzwrm,

Greyhawk and Bicroft Nﬁnes This age is approximately 100 Ma
younger than Pb/U; Pb/Th and K/Ar ages reported by Robinson (1960)
for radicactive and rock forming minerals from pegmatites.

Fowler and Doig (1979} also reported an age of 1200 Mz (Rb—Sf whole
rock) of the.adjacent Cheddar Pluton. On the .basis of low initial

L\.\Sr’ 87/86 ratio, Doig (Personal Communlcation, 1980) suggpsted a

deep-seated origin for the radicactive pegmatites, distinet from
iEaat of Cheddar Pluton. . ' L_}/ .
The age of the pegmatites described by Fowler and Doig (1979) . ¢
(9?0Ma) would be the max%gym age of uranium mineralization. -
This éuthor does not have geochronological éﬁidénce of the post-
pegmatite uranlumAmineralizatlon, but on the basis of textural
studies, there was probably some time gap between the
emplacement of pegmatites gnd the post—ghearing mineralization.

-
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" quartz. ’ Fixation of uranlum in these zones caused the oxidation of

83

+fE

On'qhe basis .of these observations the following sequence of events 1is
proposed: ' : - ;L |

1) Emplacement of pegmatites (970 Ma). Their uranium content is
quipe variable. Magnet}tezg%gtent varies from'5 to 155 and in some cases
up to 50% (PW.MG.1). Uranium is present at least in part in accessory
minerals. -

'2) Deformation leadlng to formatlon of shear—zones and mylonltes in . -
pegmatites. Recrystalllzatlon of qua?tz and magnetite does not keep pace
with deformation. Grain size decreases in shear-zomnes, so that total
surface area increases. . | Pd

3) Towa:ds the end of deformatlon, second generation titanite allanite
and zircon crystals formed, accompanied by the 1ntroduct10n of uranium-
bearlng solutlons _The formation of uranlnltﬁ,and urancthorite took place
as 1ncu51ons within magnetite, and ilmenite strlngers along fractures and
within first generation titanite, zircon and allanite during the last stage
of deformation. . * J

- L) CrystalMzation of uranothorite and uraninite preferentially

occurred in magnetite ands or at. grain bowidaries between magnetite and

magnetite grains adjacent to uranium minerals.
This author disagrees w1th the ideas of Masson and Gordon (1979),

proposed 4 uranium enrichment” in pegmatites during the early stages of

" deformation, along deformaﬂlon zones within the crystalllzea and

crystailizing pegmatlte According to them, deformation took place before

i

:3 .
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completion of erystallization. Present work clearly{indicateg the presence

ormation and post-deformation minerals. Mylenite zones cutting

pegmatites Jshow a style of deformation that suggests that the deformation
after cooling of the‘pegmatite. Hematitization of deformed

tite and the presence of post-déﬁenﬁation inclusions of uranothorite
ite in pre—exisﬁing accessory minerals sﬁggest that uranium was. .

introduced into pegmatites during and after mylonitization.

AN
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Plate 1.0 /Céﬁtact between pegmatite dyke and quartz-
biotiE? gneiss. A mylonite zone runs

: d
parallel to the margin of the dyke. -

- (Outc}op No. 4 In Figure 3.0)

Plate 1.1,. Pegmatitg dyke cutting quartz-biotite gneiss.

Several mylonite zones run parallel to the
margin of the dyke. Drill holes show the
\ .

sampling technique. (Outcrop No. k4 in

Figure 3.0y .
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SLATE 1.2 Etched fission-tracks (X 150, Saraliei nicols).

3 .
(Photopranh donated by Dr. McCorkell).



Fission-tracks { X 150 )



PLATE 1.3 Photomicrograph of a pegmatite (specimen # MY-A3),
Allanite crystal showing a dark brown (semi-opaque)
core and light, brown marginal zone(new crystal ?).

( X 20, crossed nicols).

PLATE 1.3R Photomicrograph of the fission-track radiograph ﬁf
" the above specimen. High uranium concentration is,
in uranotherite (U) gﬁd low uranium is in accessory
minerals (titanite:T and allanite:A).
Dark spots {Fission-track clusters) within accessory
minerals indicate the'presence of radicactive

inclusions in the crystﬁlsp (X 20, parallel nicols).
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PLATE 1.4

PLATE 1.5

within individual erystals can be seen. (X 5, g

93 " o

Phdtomicrographiof a Lexan overlgy (Fission-track t

radiograph) (svecimen # MY-A2). Uranium distribution |

parallel nicols).

Photomicrograph of a single titanite crystal .
from the above svecimen. Uranium accumulation
along margin and cracks is visible. Several
fission-trifk clusters which represent tiny
radicactive inclusions are randomly distributed.

U: Uraninite (parallel nicecls, X 50).



1.4

PLATE

1.5.

PLATE
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PLATE 2.0 Contact between a pegmatite dyke and quartzsblotilte

gneiss along Highway No.EHB (S) near Cardiffi, Ontarilo.

e,

-
PLATE 2.1 A narrow pegmatite dyke cutting gneiss, alond '

., Highway No. 648 (8) near Cardiff, Ontario.
Pegmatite shows abnormally high amount of magnetite
(grey), titanite and leucoxene (yellow). Both -

- {
margins of dyke are mylonitized.
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PLATE 3.1

. 95.

Photomicrogranh of "A" type mylonite (specimen #

MY-AS5). Stringers of magnetite -and {lmenite (Ma)

irregularly alternating with thin bands of

recrystallized quartz (Q). A number of acoaésdry

minerals (ecircled) and few.uranothorite crystals

(U) are oresent.



PLATE

3.1



PLATE 3.2

_ - 96
¢ ™
Photomicrograph of "B" tyve mylonlte (specimen #

MY-B2). Highly deformed and recrystallized quartz-

rich (Q) bands alternating.with K-feldspar (K)

and -hematitle plagioclase-rich bands. (crosded nicols,
X5 ). - : ™
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PLATE 3.3 Photomicrograph‘of a mylonitic pegmatite (A-tyve).

PLATE 3.4

97

Large titanite (T), allanite (A) and uranothorite
(U) crystals associlated with magnetite (M).

( X 25, crossed nicols ) (specimen # PW-MG1) .

.

Photomicrogranh of magnetite and ilmenite (polished
thin secticn). Magnetite (M) show a number of pits
and cracks. Ilmenite (I) showmexsolution lamellae

of hematite (H}. (X 50:‘crosséd nicols) (specimen #

PW-MG1).
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D
:.3 .
Plate 3.5 Photomicrograph of a pollshed thin section (PW-MGl). -
Magnetite (M) traversed by fractures, showlng hematitization
along margins at contact with titanite (T) and allanite ()

. erystals. ( X 25, crossed nicols ).

-

Plate 3.6 Photomicrograph of a mylonitic pegmatite. Large monazite (M)

_=and zircon (Z) crystals associated with bands of recrystallfzed

. quartz. ( X 15, sssed nicols ) (specimen No. PCN-C) .
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PLATE 3.7

PLATE-3.8

99

Photomicrograph of a pre-shearing titanite crystal.

The cryétal show distortion, and bent nértings.

Parting planes and fractures occupied by magnetite
(M) and recrystaliized quartz (Q). (X 25, crossed

. {
nicols) (specimen MY-Ad). .

Léﬁ\\

Photomicrogranh of a large allanite crystal from
mylonitic pnegmatite. Coarse grained inclusidns'of
cvrtolite {C), and uranothorite (U) are visible
near the edge. of the crystal . (partially crossed

nicols) (specimen.# PW-MG1}.
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PLATE 3.9 Photomicrograph of a mylonitic pegmatite (sﬁecimen'
# PW-MG1l). Second genqratipn_tiﬁgnite (yellowish browh)
replacing magnetite and ilmenite 1n fréctures.

"{ X 40, crossed nicols ).

B

PLATE é.lO Photomicrogranh of & single crystal of allanite

frpm mylonitic pegmatite. Cr#stal shows a light yellow,
narrow, marginal zone and an inner yellowlish brown

core. (X 25, crossed nicols) (specimen # PW-MG1l).

£



PLATE 3.9
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PLATE 3.11 Photomicrograph of a mylonitic pegmatite showing
a distorted rim-zoned zircon crystal. The cryséal.
is enveloped in a hematité bang. ( Xj25, crossed-

nicols) (specimen # MY—AD).  ~—v

4

PLATE 3.11a Photomicrogrgph of a mylonitized negmatite
‘ : -
showing a rim-zoned zircon crystal with a cloudy

core (old crystal ?) (specimen # MY-A2}.~
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PLATE 4.1 ° Photomicrograph of za pegmatite (sbec}Teﬁ # PW—MG;)
showlng allanite (A), titanite (T), and ufanothorite
(U) crystals. A cyrtolite (C) inclusion is visible
in allanite erystal. Note a concordance.between these
crystals and the mylonite fabric. (X25, crossed

nicols).

Y

PLATE 4.1R Micrephotograph cof the fission-track radiogravh

of above specimen. (X 25).
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PLATE 4.2 'Photomicrograph of a polished thin section.
Large titanite crystals (T) showing alteration
to leucoxene (L) along fractures. (X 20, crossed

nicols) (specimen # PW-MG1).

PLATE L.2R Photomicrograrh of the fission—tréck radiogravh
of above thin section. Fissicn-track distribution
showing the uranium accdmulaticn along margins
and along cracks (filfed with leucoxene). (X 20,

parallel nicols).
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" PLATE 4.3

- 104

Photomicrograph of a pegmatlte (specimen # MY-A2).
Allanite crystals showlng a narrow, discontinous

zone along its margin. Note a tiny wraninite (U)

crystal withiﬁ\giggnite . (X éO, crossed nicols, svecimen No.
MY-A2).

PLATE 4.3R Photomicropmsraph of the fission-track radiogranh

) | of above specimen. Track distribution indicates
uranium enrichment along marginé of the allanite
crystal. Fission-track clusters(dark patches)

indicate the presence of radloactive inclusions.

{ X20, narallel nicols).
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PLATE 4.4

PLATE 4. 4R

1056 .

—
Photomicrograph of a pegmatite (specimen # MY-AD) show -
three large allanite crystals (A). Each crystal

shows a thin, discontinous, light brown marglnal

zone. (X 15, crossed nicols).

Photomicrograph of above snecimen. Fission-track
distribution indicates the uranium accumulation
aloﬁg margins of the crystal. (X 15, varallel
nicols).

Note: Plate 4.LR is the mirror imape of plate 4.4,
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PLATE 4.5 Photomicroéraph df a mylonitic pegmatite showing

g large number of rim-zoned zircons lying along
the mylonite fabric. ( X 15 parallel nicols)

{(specimen # MY-AD).

-

PLATE 4.5R Photdmicrograph of the fissicon-track radiogranh

&f the above specimen.
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PLATE %.6 A large uranothorite crystal (U) assoclated with:

magnetite (M). Both, uranothorite and.magnétite
B " 2
show hematitization (H) along ﬁheir‘mafgins.

(specimen # PW-MGl) (X50, parallel nicols).
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Plate 7.0° Photomicrog;r'aphﬁ of a p'arﬁly éheard pegmatite (specirrE:n No.
_MY—;\H ). Uranothorite (U), cyr'toiite (C), Zircon (Z), railanité-
/-—-(’1() and magnetite (M) are present in sheared parts éﬁif‘ the pegmatite.
Fractures running along and across the mylonite fabric.

- ( X 25, crossed nicols ).

Plate 7.0R 'Photomicrogranh of the fission-track radiograph of the above
specimen. Urénium is preferably present in the' fractures

along the mylohite fabric. ' | E








