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: “ ABSTRACT

The Aillik Group of Aphebian metavolcanic and mftasedimentary
LY rocks is situated in the Hakkovik'st\lbpmvince of Labrador, north'of the
Grenville Front. . - »
" The Kaipokok volcanic and the l\ilalker Lake-White Bear Mountain
belzs consist of flow-banded and porphyritic rhyolite lavas, QUar;zites,
b ! minor interbedded basalt lavas and volcanic tuff. '
Meta;norphism has remained in ‘the greenschist and.amphibolite
facies throughout tectonism.
One hundred and seventy rock samples were collected from eight
uranium showings in the map area and were analysed for 10 trace elements,
L namely Ir, Sr, Bb. In, Cu, Ba, N{, Cr, U and Th, One hundred and ten
thin sections we re examined and autoradiographed. Uranium'in these
4 showings 1s present possibly in the following forms: ‘
1) In uranium minerals of davidite composition. l

2) In lenses of dark bituminous material. . .

3) As fons dispersed in such minerals as horﬁb)e&de. dhafgz, feldspar ' ]
. and in part in some other minerals.
S 4) As ions adsorbed on to hémtite.
- 5) Asﬁn.isomrphous admixture,in the minegals biotite, epidote,
._ ~ zircon and sphene \

B L ] .
6) As independant compounds within magnetite.

.7)  As submicroscopic tnclusions of uranium minerals of unknown

. c&nposiiions within garnets, sodic amphiboles and feidspar

porphyroblasts. .




Results obtained from different uranium exploration techniques

in a glaciated terrain, e.g. radon detec¢tion, nearshore lake sediment
geochemistry, lake water and air-borne surveys, should be interpreted

. . .
' in conjunction with glacial geology an8 oﬂer,physiographic factors

affecting th“eir app.licabi] ity.

i1 : ‘
_. |
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CHAPTER 1

GENERAL  INTRODUCTION
ot N

1.1 General ‘? )

The Labradaor uranium area is located between VTatitudes 54°35' and

55°15' and longitudes 58°50' and 60°40' of Labrador (Fig. 1). The
uranium deposits under investigation are located in the eastern half of
the area. The present study is based on field work sponsored by the

British Newfound1a!nd-Explorat1‘on Company Limited (BRINEX) during the

summer of 1974. ' ;
I//
1.2 Physiography /

The topography of the area is essentially of low relief as the
result of glacial action, although the coasfline is gen&al]y rugged
with some steep cliffs. B8ecause of poor/scil and strong winds, vegetation
near the coast is sparse, with 90 per/cent of tt;e area treeless. Evidence
of ice movement, e,g. boulder trai and thetr relative posttion to
bedrock, elongated lakes, {ndicaes that the glacial movement was in a
generally southwest directio The glacial drift {s generally thicker XY
inland and negligible near/the coast. The glacial drift affects the
applicability of explorption technigques in a number of ways, as explatned

¢

in Chapter 4.

1.3 Previous

1.3.1/ Previous work in Labrador and the Labrador uranium area.

steinhaver (1814), Lisber (1860), Packard £1891), Daly (1902) and
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Figure 1. Index map showing the location of the Labrador uranium area.
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others provided early interpretations of the regional and local geology.
Observations were of a very general nature and were based on brief
investigations of randomly scatteréd areas along the coast. Wheeler
{1933 and 1935) studied the petrology of some diabase dykes and an
amazonite aplite from the region. Kranck (1939, 195?3 mapped the
sediments of the Makkovik/Af111k coastal area and introduced the term
"Aillik series“ and "Hopedale gneiss" for Proterozoic supracrusta&
rocks and for the Archean basement respectively of the area. Douglas
(1953) provided early interpretation of the regional and local geology.
The broad regional relationships of the Makkovik area, both
within Labrador and in comparison with Greenland, have been reported
by Douglas (1970}, Bridgwater (1970), Greene {1972), Greene and McKillop
(1972), Sutton (1972a, b}, Sutton et al. (1971) and Sutton et al. (1972).
The Geological Survey of Canada has carried out regional
geological mapping and radfometric age dating which has lead to numerous
publications, e.g. Christie et al. 1953, Stevenson (1970), Taylor (1971,
1972a, b and ¢), Fahrig and Larochelle {1972), Lowden (1961),

Leech et al. (1963), Stockwell (1964) and Wanless and Loveridge {1972).

Beavan (1958) susmarized information on the Labrador uranium
area and Gandhi et al, (1969) provided a comprehensive map and report
on the geology and geochronology of the Makkovik Bay area.

Apart from these, there also exists several unpublished BRINEX
reports as well as M.Sc. and Ph.D. theses concerning mainly betrogrAphic
studies and reé?béﬁl,structura1 geology. These include, King (1963),
Gi)1 (1966), Barua (1969), Clark (1970, 1974).
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1.3.2  Previous Jithogeochemical studies.

The geological literature abounds with isolated references to

economically oriented Jithogeochemical studies. General references such
as Bradshaw, et al. ()970). Beyle and Garrett (1970), Hawkes and Webb
(1962) and Sakrison (1971) discuss the techniques‘and problems encountered
in econemic lithogeochemical surveys and }efer to the various successes
and failures of numerous individual studies. However most of the
lithogeochemical studies have been concerned with base metal exploration,
and*little such work . has been done for uranium,

To the knowledge of the writer = few Tithogeochemical-
mineralogical studies have been done on the showings under investigation,
although there are chemica1ugna1yses for some of them (BRINEX, unpublished

data).

1.4 Purpose 6f the study

The main atm of this study was: (a) to determine the trace
element geochemistry and the m1nefa1ogylin some of the main uranium
deposits {n Labrador with a view to understanding their origin and
distribution, and (b) -evaluate different technigues for uranium

exploration in 5 glaciated terrain.

1.4.1 Methods of investigation

Rock samples-were collected from the exposed part of the different

deposits although in many cases much of the deposit is not exposed.’
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Fresh-looking sdmples were collected and at randomly chosen Yocalities
two rock samples were taken so as to provide an igea of sample variation
on the outcrop scale, i.e. to evaluate sampling errors (Garrett, 1969).
Soil gas radon surveys were carried out in different areas using
a radoq emanometer and in ore case the radon survey was carried out in
éonjunction with the Track Etch technique. Nearshore lake sediment
samples were collected and analysed for U and Cu in order to compare the
results obtained with the results of previous lake water geochemistry

and air borne surveys.

1.5 Regional Geology

The majority of the mainr uranium deposits are located in the
Aillik Group, a sequence of metasedimentary and metavolcanic rocks
which overlie a complexly deformed banded gneiss, the Hopedale Gneiss
(Kranck, 1953). »

The rocks of the Ai1lik Group have been folded into a series of
northerly trending folds and are intruded byogabbro, diorite, syenite
and granite. Potassium/Argon age deteyminations range from approximately
1700 m.y. to 1800 m.y. for the Hopedale gnetss, whichais-con§1dered to be
partially remobilized Archean basement, and 1500 to 1600 m.y. for the
metamorpﬁosed sedimentary and volcanic vocks and iptrusive granite gneiss

and granite (Gandhi et al. 1969).

The area which lies north of the Grenville front was intruded by

dykes (mainly diabase and lamprophyre dykes) of Grenvillian-and later
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age (Gandhi et al., 1960; King, 1963).

Four of the uranium showings under investigation (Michelin,

. Rainbow, M. Ben and McLean) are located jn the Walker-Lake-White Bear

Mountain area (S) and the other four (Witth, Nash, Kitts and Long

1sland) in the Kaipokok volcanic belt (N) (Fig. 2). Their local

geological settings are shown in Figs. 3 and 4.
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CHAPTER 11
A REVIEW OF THE GEOCHEMISTRY OF URANIUM AND THORIUM

More is known about uranium distribution in nature than about
the distribution of many other elements because the radicactive properties
of U and its disintegration products make it easy to detect and estimate

in minute quantities. Emphasis is gfven in this chapter to the geochem-

- 3
e A L.

istry of uranium because the showings under investigaticn appear to be

depleted in thorium. Fig. S shows the relation between Si0,, U, Th and

2»
K for the different types of igneous rocks Tisted in Table 1, showirg
that acid igneous rocks in genera) contain significantly higher proportions
of Y and Th than basic Igneous rocks, .

The U oxide (U™0,) 15 very slightly soluble in water. Tne
dissociation constant for the reaction

+4

U 0, + 2K

0 ——— vt 4 aon”

is but 10'52 at 25°C and 1 atmosphere pressure (Garrels, 1953) and little

2 2
changed by increase in temperature up to 120°C. This great stability of
U+402 (under reducing conditions) probably accounts for the preponderance
of uraninite (uoz) as a primary uranfum ore minerval,

In glaciated areas and cold climates, such as the Canadiam

Shield, where oxidized surface zones are not well developed, a mintmum

amount of secondary minerals is found. However, where original uranium

concentrations are exposed at the surface, uraninite oxidizes - rapidly
. A
) 2

to give the soluble (U+602

complex. If the uraninite is associated
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Jure 5. Relations between S$i0,, U, Th and K for the different types
of rocks listed in Table I.



Amount per metric ton (or ppm)

Type of rock Si0,, Uranium, ¢ Thorium, g Potassium, g
Appgox wt.

Granite 70 . . 34
Granodiorite 66 . . 25
Diorite 60 . . 17
Central basalts 50

Continental

Oceanic
Plateau basalt
Gabbro i
Eclogite
Peridotite

Duntte

(After Katz and Rabinowitch, 1951)
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is associated with iron sulfides, the (UJ'GOZ)*2 complex may be retained
for sometime at the outcrop by Jts adsorption on the ferric oxide of the
gossan (McKelvey et al., 1955). This might be one of the reasons why the
radioac'tivit_y in the graphitic pyrite-bearing argjllite in Kitts and
Long Island showings is higher in Tocalities w:::? pyrite assemblages
are covered by ferric oxide coatings.

After a study of the thermal stability of uranium oxides in the ‘ .i
ranée UOZ - U308' Perio (1953) concluded that the region of compounds |

of vaciable composition with the structures and parameters of U02 /

(corresponding to natural pitchblendes) extends to 140°C. In the
region of higher temperatures, the compound U02 ts stable in mixtures

with other uranium compounds of constant compositfion.

i‘ Uraninite is easily oxidized and destroyed on weathering, but
? most of the other U+4 minerals are not. Presumably continued oxidation
?( of the U? fon fn fairly pure Uﬂoz to the hexavalent state is permitted j
4 by the removal of friable andasoluMe oxfdation products, whereas, in v'
those compounds in which U"4 {s a minor substituent, it is protected
._‘i from attack by the surrounding unoxidizable fons (McKelvey et al., 1955).
% One of the most striking and persistent features of uranium
i mineralization, partfcularly of uranium veins, 1s its association with
),' hematit{c alteration. The association of hematite with pitchblende {s

- s0 consistent that, 1n many districts, hematite staining is widely used

by prospectors as a guide in the search for uranium deposits. In

igneous rocks (including pegmatites) uranium and thorium are intimately
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associated, but hydrothermal uranfum veins are notable for their low
thorium content. In them, uranium occurs chiefly as uraninite. This
segregation of uranium suggests the possibility that an oxidation of
uranium to the hexavalent state may precede deposition 1n'lve1ns. In

other words, an oxidation of U*Y to (U+602)"2 at a Tate magmatic stage
)+2'

might permit the (U+602 to be carried away in solution, and

6, \t2
0,)

separated from the unoxi‘dizabTe Th+4, in turn (U+ might be
reduced to form pitchblende in veins (McKelvey et al., 1955). Phair's
(1952) studies of high and low uranium bostonite dikes indicates that
uranfum is released to vein solutions by an oxidation reaction.

The widespread association of uraninite and hematite in vetn
deposfts alsc may be explained by such a hypothesds. The reactiony/

+

3,0 + 27e*2 4 (u’f’oz)’2 —— Fe,0y 4 u*o, ¢ e

3
goes to completion (U+602)’2K(10'6) at 25°C at ph=4 and aboye,over a -
wide range of Fe+2 concentration (McKelvey et al., 1955)

Uranium, in the de\posits under investigation, ocfurs in meta-
sediments and/or mtavokanj.crl., i.e, partly mtamrpsed's,edimentary
and volcanic rocks, and although in general the ef.ects of metamorphism
on the distribution of trace elements are not 1 known, numerous
studies (e.g. Taylor, 1965) have shown that £ransfer of material takes -
place over distances of a few centimeters./ Heier and Adams (1965) 5
found that high grade metamorphic rocks Are significantly. lower in -Th
and U than thetr chemjcal counterparts at lower metamorphic grade. They

claim that the evidence for the mefémorphic differentiation of Th and
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U indicates that much of the Th and U in these rocks cannot be Iocated.‘
in “inert" minerals such as zircon or other resistates. Pliler
and Adams (1962) showed that Th 1n the Mancos shale was assoclated

with the clay fraction, either in clay-size detrital resistate particles
or adsorbed directly on the clay itself, Leaching experiments showed
that most 6f the Th was available for leaching by acid, implying that

Th is predomfna_nﬂy fixed in adsorption positions on the clay minerals,
and does not necessarfly occur in primary resistate minerals. In the
case of U they found that the importance of the various sites for this
element in the Mancos shale {s extremely variable. [t appeared that as
much as 75 per cent and as little as 25 per cent of the U in the shales
could be interpreted as being held in resistate minerals. This varfation
fn "leachable” uranjum within the same sedimentary rc'Jck may provide the
-explanation for the variable U concentrations in the paragnefsses.

Progressive metamorphism leads to a gradual disappearance of

“sheet silicates” which are the structures with thé highest capacity

for holding foreign fons to adsorption positions (Hefer and Adams, 1965).
According to them Granulite facies conditions mark the. final breakdown
of "micaceous™ structures, and ft is possible that pmporti‘ona‘l'ly a muc-h”‘
more dominant part of Th and U {s present in resistate minerals in these
rocks. The behavior of U and Th during progressive metamorphism has
been studied also by Yermolayev and Zhidikova (1966) and Yermolayev
(1971, 1973). They found th’at-_uﬁniun and thorium tend to migrate into

the_upper parts of the Earth's crust during extensive transformations ’

of ancient sedimen_t:, and this trend {s clear from uranium-lead fsotope

1

ad
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measurements (Yermolayev and Zhidikova, 1966). Uranium begins to be
mobilized and lost from rocks at low grades of regional metamorphism
and with progressive contact metamorphism. As the grade of progressive
metamorphism increases, thorfum also becomes mobflized. and the Th/U

ratio gradually falls during metamorphism as T and P increase. Extensive

progressive. metamorphism of sediments and volcanics cause the products
in the initial stage of u]tra-mtamov,‘phism to have extremely low

concentrations of the radicelements; the uranium and thorium are

P AN NN

carried into the upper part of the Earth's crust along with displaced
water and carbon dioxide (Yermolayev, 1973). This tendency persists
until the general melting of the rock during ultrametamorphism. High
" grade ultrametamrophism is accompanied by mobilfzation of U and Th,
together with the productlon-of melts with elevated radioactivity. ' &
i The resulting crystalline rocks play a decisive part in the emplacement ;
of the highly radioactive granite component of the Earth'sl continental ‘

crust. The retrogressive stage of regional or contact metamorphism

3 represents a transitiona) link in the geochemistry of the radiocelements
from metamorphic to hydrothermal ore formation. Retrogressive meta-

morphism evolves, as regards U and Th, from regional radicelement

¢
.
B 00 o (N

migr;ation to local m;asonatic accumylation of radioelements (Yermolayev,

— e

1973).

Aclcording to Yermiayev‘(197l) there are three types of extraction

mechanism for U as progressive metamorphism increases:

(a) Recrystallization (blasfesis), which produces temporary supersaturation

‘

I
)
:
€
;
|




of intersitial solutions with uranium and other trace components; ‘

(b) Uranium is adsorbed onto surface films and solutions in the po:es.

and is released from surface films §nto pore solutions, a process favoured

by the considerable reduction in surface areas during recrystallization.
" According to Yermolayev, these two mechanisms predetermine the migration

of uranfum in areas of regional and contact ﬁnetamrphi‘srn.

(c) Dissolution of uranium carrier minerals is promoted during ultra- ) X

metamorphism (granitization}, which is accompanied by transport of some

’ IV ¢

rock-forming components (Fe, Ti, Mg) to lower metamorphic grades
Origina) sedimentary composition controls uranium distribution in rock
recrystallization. Uranium 1s least likely to be redeposited with
substances having 1ittle affinity with uranium hydroxide and uranium
jons (quartz and feldsp;rs). Minerals of Fe, Ti, Zr and the Rare Earths

actively take up U from the solution on recrystallization (Yermolayev, o

BT e S

1971).

Traces of ore elements are not released in recrystallization if
the crystals are in equilibrium with the solutions, but this may oceur
if the recrystallization "involves a medium with a different composition
from the equilibrfium solution (Yerwmolayev, 1971),

Adams et al. (1959) suggested that it would be of great interest

« a N
ar O R iR

to compare tﬁe'distributjon of thorfum and uraqhm in the minerals of
metamorphic rocks relative to theij' distribution im magnatic rocks. They
state that the partial sepa‘ratian of thorium and uranium duping weathering

and erosion can be considered as ;he result of the three \nuor processes

s ————
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. The fractionation of uranium and thorium during weather1ng
and erosion (Adams et al., 1959).




diagvamued in Fig. 6.

‘ According to them a considerable fraction, perhaps more than two-
thirds, of the thortum and uranfum from igneous source rocks is thought
to be transported in resistate minerals such as 2ircon, mbnazite, etc..
These resistates are largely of silt and sub-silt size so that they are
deposited mainly in the shales,

Adams et al, (1959) state that the small grain size of these
resistates is indicated by auto-radiographic studies and the\observation
of the centres of pleochroic halobs. Furthee reduction in grain size
would be caused by abrasion during transport and they claim that a well-
mixed, homogeneous suite of fine-grained resistate mlinerals in common
shales would ‘explain the strong similarities observed in the thorium,
uranium and zirconium contents of common shales as compared with the
average igneous source rocks.,

Leonova and Tauson (1958) have found that experiments 1n 1eac'tn'ng
of urantum from zircon showed th:t its presence cannot be ascribed tol

{somorphism with zirconium alone. The treatment of zircon with weak

Nt ares

solvents gives almost no uranium, while treatment with concentrated HC1

e

extracts about 30 per cent of the uranium. According to them the zircon

is not decomposed by hydrochloric ac{d and the uranium extracted in this

o vrsge-

[ LY

case must play a different role in the structure of this mineral. They
found evidence that, of the uranium found 1n biotites, not more than 10

per cent can be credited to the inclusion of zircon ard hence the main

mass of uranium 1s in biotite {tself, They treated biotite with different
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solvents and they found that sorption plays an important role, but the
possidility of isomorphous substitution is not excluded. Thg probability
of the latter is increased by the fact that biotite is capable of
capturﬂhg 2 number of rare elements. Their leaching experiments of
uranjum from quartz, patassium feldspar and plagiocalse showed that the
extraction amounted to 100 per cent, with a complete preservation of the
crystal lattice of the host mineral.

Leonova and Tauson (1958) also point out that the separation of
uranium occurring in rocks into 91adoch1c (structura) uranium) and non-
diadochic- (1eachable uranium) has a definite geochemical meaning, for
it distinguishes uranium strongly bound in the lattices of the minerals
from that which is mot bound and may easily migrate from the rocks, under
the action of specific natural or artificial solvents, without destruction
of the latFicesoof the essential or accessory minerals. Also in their
discussion- they underlie the fact that the mineralogical character of
the inclusions with non-diadochic uranium is very important. Neuerberg
(1956) distinguishes six modes of uranium occurrence in rocks and in only
one of these is uranium diadochic.

Leonova dnd Pogiblova (1961) examined the distribution of uranium

among the minerals in syenites and alaskftes. They found that the feldspars

.of syenites are from2 to J times richer in urapium than the feldspars of

the alaskites, Also in the alaskites biotite is always more radioactive

than in hornblende but in syenites biotite is always poprer in uranium,

‘while hornblende and pyroxene have a relatively high uranium content.
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According to the same authors, in alaskjtes uranium is aécumulated by
bifotite (15-20 per cent of total uranium), while in the syenites it is
accumulated by harnblende and pyroxene.
Baranov and Du Lieh-T'ien (1961) found that most of the uranium,

67 per cent on the average, is concentrated in the accessory minerals,
and the remaining 33 per cent appears f{n the essential minerals of
Kyzyltan granites, USSR. They also found that the variation in the
ratio of the uranium content in the accessory mfnerais to 1ts content

in the essential minerals, Ua/Ue, is related to the grain size of the

vy

rock, i.e. to the rate of crystallization of the magma. In the finer-
grained rqocks formed frombrapidly crystallized magma the essential
minerals captﬁred more of the uranium present in the magma than did

.. the same minerals of the coarse-grained rocks, in which by far the
larger part of the uranium occurs in the accessory minerals.

? Yermolayev (1973) states that the radicactive elements are

remqved from the host lattice by recrystallization and production of
new structural groups. According to him, hydrohematite, b-fFe0-OH releases

the isostructural uranyl dehydrate when it is altered to hematite.

Krylov and Atrashenok (1959) examined the mode of occurrence of

ham e

uranium fn granites. They believe that for the understanding of the

form of occurrence of dispersed uranium the leaching of maénetite is of
special interest, It is improbable that uranfum s diadochic in magnetite,
but it must be present in it in the form of independent compounds. \Accord-

% ing to them, uranium is very probably present in magnetite as an oxide,

)
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and if so0, it should be easily leached out.
Autoradiographs of granites (Picciotto, 1950) indicate that
thorium and uranium occur in very small mineral or 1iquid inclusions in

the quartz, and the anatysis of quartz in beach sands (Murray and Adanms,

IQSBT indicates that about 5 per cent of the thorium and uranifum in

granites can be expected to be so fixed in the quartz.

It has begg noted (Neuerburg, 1956; Gerasimovskiy, 1957) that
yranium takes a variety of férms in rock-forming and accessory minerals.
Neutron activation plus fission-track recording is a highly selective
technique to determine the mode of uvranium distribution., For instance,
1t has been shown (Komarov and Shukolyukov, 1966; Komarov et al., 1967)
that most of the U in sphene and biotite 1is localized in the periphery
of the graln and at the surface. This distribution indicates that U
can be extractgd by dissalution into the aqueous phase produced during
metamorphism and also durina; recrystallization of a host mineral
(concentrator) (Yermolayev , 1971). .

Krauskoff (1967) states that metamorphism of fine grained rocks
to hornfelses or phyllites produces no detectable change in rare-meta)
contnet, unless )he rocks have been permeated by solutions durfng the
metamorphic process. At higher grades of metamorphism the minor elements
redistribute themselves locally among the growing crystals of new minerals,
but again the overall concentrations do not change markedly unless
mvelment of solutions has played an important role. Since some sedimentary

rocks have unique assemblages of trace elements, e.g. 1shales. sandstones,

,k\/
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carbonates (see Turekian and Wedepohl, 1961) a study of these elements
in metamorphic rocks provides a possible way to guess at the nature of
the premetamorphic material., When metamorphism reaches the ultimate
stage of .partial melting, the minor elements go ijnto the melt, and then
recrystallize from the melt according to the pattern they follow for
igneous rocks

None of the rock formations under investigation has reached the

stage of partial melting since the main mineralogical assemblage in the

¢ .
Aillik series (albite, epidote, chlorite, hornblende, biotite, stilplomelane,

microcl ine, quartz, sphene and andradite) indicate regional metamorphism
fn the greenschist-amphibolite facies ‘(IHedepohl, 1971; Turner, 1968). In
this case it 1s expected that uranium may be present either in resitate
minerals or adsorbed on sheet silicates, v

The principal conclusion of this review is th;t the uranium
content of each rock reflects a complicated history and a range of host
mineralogy. Neuerburg (1956) has poi-nted out that the total uranium
contents of igneous rocks are dynamic quantities that cannot be referred
to any single event and that .are probably changing from day to day by
some infinitesimal amount.

The genesis of uranium depos-1ts associated with the metamorphic
rocks of Labrador appear to be complicated because the uranium has been

affected by more than a single event and the mineralogical distribution

of uranium is not highly variable.
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CHAPTER 111

TRACE ELEMENT GEQCHEMISTRY AND MINERALOGY OF SOME
URANIUM DEPOSITS OF LABRADOR

_Introduction
Beavan (1958) ¢lassified the uranium occurrences of Labrador as
follows:
(a) Mineralization in fracture and shear zones in volcanic rocks,
eAg"Rice Lake.
{b) Mineralization in sedimentary rocks (Kitts Pond showing).
(¢) Mineralized fault zones (Pitch Lake showing), and
(d) Radiocactive minerals in gr_anitic rocks (A311ik).

Ruzieka (1971) classified the Labrador uranium occurrences into

five genetic types:

1.

Uraninite mineralization confined to granit;s and pegmatites (near
Ai11ik).

A sedimentary-metamorphic type which is repre;ented by disseminations,
mainly confined to metamorphosed quartzites (Michelin showing).

Pitchblende mineralization in veins and disseminations (usually

-

associated with quartz-carbonate gangue material) confined to
graphitic argillites, tuffs and tuffites locally interhedded with
ampﬁiboHtes (Nash Lake-showing}.

Uranfum mineralization in shear and fault iones (Rice Lake, Pitch
Lake showing). \

Pﬁéhblende minera]fi’ae‘ion confined to granulites in which pitch-
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blende is as a rule botryoidal and replaces hematite (No Iexamples
given and none found in the present study area). .

According to Barua (1969}, uranium mineralization in the Ail1lik
series occurs in:

a) Felsic volcanic and less commonly subvolcani¢c rocks, and
b) tuffaceous and argillaceous horizons.

(a) RAssociatioms of uranjum and felsic volcanic rocks pre-
dominate in the Michelin area and to a lesser extent in the Kaipokok-
Aillik areas, e.g9. Witch Lake showing, Sunil showing, etc. Uranium in
these deposits originated in hydrothermal fluids which coexisted with
volcanic activity, while later leaching and redepositfon along shear
planes and fractures was responsible for concentrating uranium. The
superimposition of "shearing” and secondary enrichment (leaching and
redeposition) on suitable felsic igneous rocks primarily enriched in U
by synvolcanic metasomatic fluids may be prerequisite in producing
uranium concentrations of economic interest.

(b) Uranium associated with tuffaceous and artillaceous

horizons is found predominantly within the Kaipokok Belt and it is also

a product of synvolcanic metaéomtizing fluids. In these rocks a two
stage process was envisioned by Barua (1968):
1. Primary precipitation of U with the depesition of tuffs and
argillites (very fine grained basic tuffs), and
secondary leaching and concentration of uranium in bedding planes,

fractures, etc.
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As can be seen, there is a general c1a_ssification of the uranium
deposits on the basis of field observations but no systematic study of
the chemistry and mineralogy has been done. However, this would appear
necessary to a proper understanding of the mode of uranium occurrence
and controls on its distribution in the variety of metasedimentary and
nngtavokam‘c rocks ‘of the area.

Evidence of hydrothermal activity related with fluorite, copper
and uranu:m mineralization in some showings, e.g. Michelin, Shoal Lake
showing, gives rise to some pertinent questions, e.g.:

1, What.were the physica) and chemical properties of the ore-
beartng solutions-temperature, pH, redox ;otential during
transport and deposition?

By what means did they reach the sites of deposition?

What physical or chemical factors defined the favorable

deposition conditions? o

How were the solutions able to travel for some distances

within the favorable formations without deposition taking

place?

Nicholls (1958} and Nicholls and Loring (1962) have d'ihsjcussed
the problems of interpreting trace element data in sediments. According
to them, some elements will occur mainly ir the detri{ta) fraction, for
example, zirconium. Taylor (1962) has considered the presence of high
Ir in metamorphic rocks to be contributory e\;1dence for a sedimentary
parent. Other elements such as Rb and Sr may OCCI:JT principally 1in the

non-detrital fraction and according to Taylor (1965) Zr/Rb ratfos should
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indicate the relative proportions of detrital and non-detrital fractions,
and should, in the ideal case, decrease from the margins of a basin
towards the center. - Based on these observations the ratio of Zr was
plotted versus uranium in an attempt to see ”. /there is any coEEehtion
between the uranium content and the "detrital® and “non-detrital*

portion of the samples.

Fig. 7 shows that in Michelin, M. Ben and Mclean high uranium
is concentrated in the “non-detrital” portions of the samples while in
Rajinbow high uranium’&_a_;sociated with the "detrital” portion of the
samples. Such a subdivision was not made for the Witch, Kash, Kitts
and Long Istand showings. ‘

Samples from three showings (Michelin, Rainbow and Witch Lake
showings) were analysed for Ra in order to test the equilibrium Ra /U,
The concept of equilibrium becomes important geologically when the
amount of uranium in a rock sample is determined by measuring the
~radioactivity. If one or more of the daughters or parent is partially
or completely removed from the se¥ies, a state of disequilibrium will
occur. Then the measured radioa(céiv{ty may not show the same relation-
ship to the content of uranium (or the other series member) as it does
under equilibrium conditions. If the absent nuclide is shor’t-Hved,
thousands of years may be required to regain equilibrium (about 390,000
years after the parent U-283 {s deposited).

The most important forms of uranium disequilibrium are:

1) deficiency of radium group nulides as a result of the migration of

. v
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. radon, the gaseous member of the uran(mla series;

2) deficiency of daughters, especially the radium group, as a result
of insufficient time to attain equilibrium after deposition of the
parent or leaching of the daughters;

3) deficiency of parent uranium because of preferential deposition
of daughters, especially the radium group.

Certain of the radium group nuclides are the most strongly gama\-
radioactive members of the uranium series while the uradium isotopes are

=

only weakly ;‘adioactive. Hence, the first two types of uranium dis-

equilibrium result in sources that are relatively enriched in urasiium

but relatively weak in gamma radfiocactivity. The third type of dis-
equilibrium produces strongly radioactive sources with 1ittle or no
uranfum, Of course, uranium deposits in equilibrium will also be strongly
radicactive (McPhar Geophysics, Geological Applications of Portable
Gamma-ray Spectrometers, Parts 1 and II).

From the Ra’ /U ratios obtained, and from the fact that all the

. uranium dgposits are strongly radioactive& it 1s concluded that uranium

is in equilibrium with its daughter products. By taking fnto consideration

) & "
the primary uranium mineralization and that the half-iife of 0238 is

235 is 7.13 x 108 years, it cannot be

4.51 x 109 years and that of U
argued that the uranium has been transported, redeposited and regained

equilibrium since Precambrian times. This feature provides evidence

for a syngenetic origin of these uranium deposfts.

A L T :
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3,2 Michelin Uranium Deposit

The host rock of the Michelin uranium depasit {s characterized
by alternating bands of quartzofeldspathic material with a schistose
texture usually dominated by hornblende, striking N 65°-80°E and dipping
45°-60° South, The bands are generally not continuous over long disfances
but lens out within 2-15 an. They are, however, thin compared with their
lateral extent. Feldspar porphyroblasts give an augen structure to the

rock. The highly mineralized rock has a pink coloration due to disseminated

_ hematite., The barren rock is white and consists predominantly of quartzo-

feldspathic naterfa]i

The area has a relativew Yow retief and 1s drift-covered, with
numerous boulders, which appear to be native to the area and close to
thelr source. Some of the boulders are strongly radicactive and similar
in 1ithology to the mineralized zone. |

There is a distinct difference in ﬁineralogy betweeln/'the Tow and
the highly mineralized Fock as can be'seen in Table 1. The highly
mineralized rocks are characterized by a higher content of common horn-
blende, sodic amphibole and the presence of zircon, pyroxene (aegirine-
augita), biotite, hematite, stilplomelane and minor calcite. The main \
radioactive mineral appears to be davidite rimmed by sphene and is
found within the feldspar porphyroblasts and also associated wi‘th the
anphiboles (Plates I, Il ana v1). Davidite, an 111-defined mineral
chemically, containing chiefly oxides of Titan{um &ﬁd imn. plus variable

anounts of rare earths of the Cerium Group, U, V and Cr (D' Arcy, 1947).
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Alkali metamorphism is usually seen in the vicinity of carbonate
.alkali-syenite complexes (Mckie, 1966). Granite gneisses become trans-

formed to fenites whose principal constituents are alkali feldspars

(orthoclase or albite) and aegirine or sodic awvhibd1e; and there are

numerous cases in which the fenite envelope is clearly retated to a
carbonatite contact (e:g. Von Eckermann, 1961 : Dawson, 1964; Suther-
land, 1965, p. 367; Paarma, 1970). The mineralogical assemblage of
the Michelin uranfum deposit (sodic amphibole, sodic pyroxene, albite)
and the presence of carbonatites in the vicinity of Makkovik (King,
1963; Hawkins, personal connun1cation)-suggest that fenitization
processes might have taken place in the area.

The Ba content of the lithosphere (Turekian and Wedepohl, 1961
and Vinogradov, 1962) averages around 840 ppm for low Ca acfdic rocks,
830 for granites, and alkalic rock such as syenites contain the most Ba
(1600 ppm). Possibly an alkalic rock could be the original source of
the Michelin urani&m showing whose part of Ba was removed during weather-
ing. Although fenitization seriously affected the Michelin host rock,
jts detrital nature is tndicated by the round zircon crystals which are
located mainly between grain boundaries.

Trace element concentrations and varjous statistical parameter§
for those rocks are given in Tabtes III to V. Compared to the average
trace element concentrations of metasedimentary schists and quartzo-

feldspathic gneisses (Table V1), the quartz feldspar porphyry of the

Michelin urantum deposit has a‘'relatively higher Zr, In and Ba content
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and lower Sr. Rb, Cu, Ni and Cr content.

Rubid{um/strontium ratios in these rocks range from 0.04 to S
(Fig. 8). The highly mineraltzed samples fall within the trachyte field
and their Rb/Sr ratios range from 0.08 to 5. However, the full range of
these samples outside igneous fields in Fig. 8_sgggest that the protolith
was hot an figneous rock..'

Patterns of other trace element distribution can be seen in
Fig. 9-10. Some trends are comparable to those found in igneous rocks,
e.g. positive correlation of Ba vs Sr (Fig. 9a) and presumably reflect
residual igneous trends preserved in the clastic sediments.

There 1s no correlation between Cu-Sr, Ni-Sr and Cr-Sr, i.e.
no variation in Cu, Ni, .Cr (Fig. Sb, ¢, g) and no simple relations
exist between Rb-Sr, Zv-Sr and In-5Sr (Fig. 9d, e, f). Mineralogy and
field evidence indicate fenitization processes; high uranium content is
associated with higher content of sodic amphiboles and K-feldspars. 1f
these minerals are the Rb-bearing minerals then the positive correlation
of Rb vs U is explicable. The dominance of K-feldspars in the strongly
mineralized samples could be responsible for the paitern Ba vs U (Fig. 10e).
No simple relations exist between Sr-U and Zn-U (Fig. 10b, c) and there
is no correlation between Cr-U, Zr-U, Cu-U or Ni-U (Fig. 10¢, f, g, h).
This poor Zr/U correlation, the existence Qf primary radioactive minerals,
and th; non-metamict nature of the 2frcon crystals indicate that no
significant proportion of the uranium {s held in the ‘zircon, although the

existing correlation could be attributed to uranium adsorbed onto the

zircon crystals. The criteria for distinguishing the possible origins of
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uranium mineratization in the Michelin showing are summarized below:

Syngenetic

~ Daughter products of uranium in fresh looking rock samples are in radio-
active equilibrium.
Round zircon crystals between grain boundaries indicatingidetrital

nature of the host rock.

Uranium is more or tess uniformly distributed laterally (parallel to

stratificatfon) but changes abruptly vertically (across stratification)
with change in rock type.

Stratiform shape of the deposit.

Epigenetic, metasomatic, hypogene

- Positive correlation U-Rb.
- Presence of purplish fluorite.

- Mineralpgical assemblage indicating fenitization, especially euhedral

riebeckite/aegirine.
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TABLE [I

Modal analyses of rock samples from Michelin; all values are expressed
as volume percentages.

Sampe Low mineralized rock High mineralized rock

Number Michelin 32 (50 ppm) Michelin 23 (3700 ppm U) .
Groundmcss 76 43 : <
Feldspar gorphyrob1asts 18 22

(mostly plagiocalses, albite-
andesineg, microcline

Comngr homblende and 3 29
sod¥c ‘amphibole associated ,
with radiocactive opaque

minerats

Opaques ' 5 (mostly 4 (mostly
pyrite and unidentified ‘
magnetite) radioactive .

minerals) minor
magnetite and
pyrite,

QOther minerals include zircon, pyroxene {intermediate between aegirine
and augite) biatite, hematite, stilplomelane, calcite.

o~ s -

The groundmass consists predominantly of quartz arranged in granoblastic-
polygonal texture where strajght boundaries and triple points are a
common feature,

N
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* TABLE If1
5
o MICHEL IN URANIUM DEPOSIT
; (values 1n ppm) Equilib-
@ Sample Radioactiv- rium
No. ir Sr Rb In Cu Ba Ni Cr U ity C€/S Ra/U
1 840 ¥ 32 27 146 4 194 20 3 1500 90
i} P4 499 74 74 84 7 1306 15 8 10 50 100
i 3 715 50 99 240 1 384 24 6 4700 170 30
5 4 817 47 81 210 2 463 22 7 3500 480 90
? 4 Bl14 44 79 207 Z 446 22 6 3500 90
v 5 962 45 46 234 A 22 9 1900 120 90
6 701+ 53 M2 228 2 383 24 4 5400 270 100
, 7 667 47 97 239 ] 308 23 6 5300 200 90
! 8 499 118 25 167 » 2 627 20 5 1300 270 90
3 g 808 46 a5 205 1 254 21 7 2200 200 90
( 10 626 313 17 151 1 259 18 7 560 50 90
n 718 27 13 148 1 162 19 8 400 90 10
12 427 110 79 21 (] 753 22 3 4000 300 100
12 409 118 77 273 6 770 22 3 4300 90
] 13 447 101 67 42 3 639 22 3 3500 330 90
e 14 409 , 182 51 575 18 2055 2e 4 2700 B0 130
- 15 365 154 a0 524 14 1414 22 3 2400 150
. 16 342 IR 17 500 g 1194 23 3 3800 80 130
o 17 447 46 76 107 2 504 22 ) 3500 230 100
248 17 433 46 72 107 ] 52) 22 2 3600 100
- 18 470 bh 3 99 3 1348 19 4 150 B0
0 19 644 103 30 196 748 13 5 1500 - 130 140
] 20 610 - 93 28 275 634 19 4§ 1400 100 110
N 21 51 106 8 147 1 419 19 5 1160 90 100
; 22 520 89 68 182 8 893 22 2 3600 250 100
g 23 567 65 65 301 5 B34 22 [ 3700 240 100
'., 24 659 135 30 125 ] 713 20 4 1600 70 110
- 25 601 84 22 180 0 870 19 3 1200 100 140
,f 26 B44 47 56 231 W, 182 21 7 2600 160 100
. 1
2 : Continued.,......
! .
. —~
iy




MICHELIN URANIUM DEPOSIT {(Page 2)

Equilib-
Radioactiv- rium
ity C/S Ra/U

210 110
114

380 100
180 100
240 100
110

100

50 80

55 70

5% 70

50 80

50 80

50 100

70
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4
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. . TABLE 1V

MICHELIN URANIUM DEPOSIT

Corre]$t1on matrix calculation for 38 sets of data

Variable Ir Sr Rb Zn Cu Ba n Cr U
ir 1.000  -0,227 0.175 0.131 -0.356 -0.294 -0.247 -0.259 0.391
_ sr 1.000 0.326 ¢.210 0.704 0,555 0.647 0.590 0.182
3 Rb . 1,000 0.258 .0.240 0.252 £.30 0.230 0,684
In 1.000 -0.035 0.196 -0.067  -0.149 0.468
N Cu K 1 1.000 0.043 0.980  0.973  -0.128
~ ! Ba - - 1.000  -0.071  -0.120 0.176
" N1 : : 1.000  0.988  -0.04
o~
Cr~ ' . 1.000  -0.194
f‘.‘-‘ .
41 '
g .
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TABLE v

MICHELIN URANIUM DEPQSIT

95% Confidence

Element Mean STD Interval for Mean
r 528 32 461 - 5§92
Sr 88 10 66 - 109
* Rb 50 5 38 - 82
In 193 20 151 - 234
Cu 7 K| 0 - 14
Ba 897 113 6N - 1124
Ni 22 1 18 - 26
Cr 8 3 0 - 15
U 21 284 1543 - 2679
r’
J/
i T T Yo 2. 7. Y




TABLE VI

;\verage trace element concentrations (in parts per million} of metasedimentary schists,

comparzble ave S quartzofeldspathic gneisses, {After Bowes, 1972}, and the
~uranium deposiys under'dnvestigation,
Ni

!
g

Metasedimentaty schists . ' _ 97

Quartzofeldspathic gneisses ' .18
Michel1n , 22

Rainbow 7 ’ ' 39
M. Ben - 22

Mclean 32
Witch 60

Nash ' 94

Kitts . . ' 54

L. Island 74
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Arrows 1, 2 and 3 indicate radioactive opaque minerals identified
by autoradiography (see PLATE III). Possibly davidite rimmed by
sphene. Similar radiocactive minerals are present in the green
aggregate which consists mostly of hornblende.

Same as in (a) under crossed Nichols. Michelin uranium deposit.
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PLATE II

a. Radioactive mineral 3 indicated in PLATE I under higher magnification
1. unidentified primary uranium mineral; possibly davidite
2. sphene replacing davidite
b. Radioactive mineral 1 indicated in PLATE I
1. possibly davidite
2. sphene with remnants of the original davidite
. 3. sphene surrounded by davidite
Michelin uranium deposit.
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PLATE III

Autoradiograph of thin section shown in PLATE I. Arrows 1', 2°
and 3' show minerals 1, 2 and 3 in PLATE I. Exposure 120 hours.
Michelin uranium deposit, Labrador.

Autoradiograph of uranium rich boulder, Rainbow type (7,700 ppm).
The radioactive minerals are not easily identified with conventional
Means. Arrow shows fracture filled with radioactive material.



B PLATE IV

b
4. Arrow 2 shows sodic amphibole enclosing tiny opaque possibly
radioactive minerals (Arrow 1).
Arrow 3 shows intergranular opaque radioactive material.
b.

Same as in (a) under crossed Nicols. Michelin Uranium Deposit.

Note: The haloes may not be caused by radioactivity; see text.



E PLATE V

a.

Typical mineral assemblage of the Michelin uranium deposit
1. Possibly radioactive grain
2. Sphene

+ Part 3 in (a) under higher magnification
1. Radioactive aggregate 2. Sodic amphibole

3. Hematite (possible source of leachable uranium)
4. Stilplomelane



PLATE VI

Radioactive opaque mineral partly altered to sphene, located within
a plagioclase porphyroblast

1. sphene

2. opaque

Same as in (a) under crossed Nicols

Michelin uranium deposit
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PLATE VII

N Radioactive mineral in PLATE VI under higher magnification.
Note the similarity in the shape of the grain and the grain
indicated by Arrow 1 in PLATE I.

- Michelin uranium deposit.
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PLATE VIII

Arrows 1, and 2 show aggregates of radioactive minerals; 3
sodic amphibole.

Michelin uranium depsoit.




s
PLATE IX

Uraniferous feldspathic quartzite.
of unknown composition (possibly dav

Quartzite and also to microfracture
deposit.

Primary uranium mineralization
idite) is confined to
filling. Michelin uranium
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PLATE X

b
d. The latest manifestation of igneous activity in the area arounq
the Michelin deposit are uranium depleted quartz veins from which
a8 swarm of lateral apoyhyses cut the adjacent rock across the
foliation.
b.

Close up photo.



- b -

!
L
v

.53 -

3.3 - Rainbow Uranium Deposit

The Rainbow uranium deposit is found in a mafic metavolcanic rock
which forms paré of a NE striking series of acid and basic metavolcanic
rocks dipping steeply to the south and lying unconformably on the gneissic
bdsement. Uranium is more or less un,j‘fc\)&dy distributed laterally
(parallel to stratification) but changes abruptly vertically (across "
stratification) with change in rock type. 'f

A modal analysis of a representative mineralized rock sample
from this showing is given in Table VI!. Small opaque grains surrounded
by a halo within the plagioc}a“se and quartz’crystals (Plate XI) are
possibly the radioactive minerals in the Rainbow deposit, although no
autovadiographs are available. However, an autoradiograph of a high
mineralized boulder of “Rainbow type" (Plate 1I1) indicated clearly the
presence of similar radicactive grains. |

Trace ele:nent concentrations and other statistical pavameters

are indicated in Tables VIII to X. ' ;

3
Plots of Rb vs Sr' (Fig. II) range between Rb/Sr 0.01 and 0.05 s

" and all of them fall within the andesite field. Compared to the average

trace element c%ncentratims of metasedimentary schfsits and quartzo-
feldspathic gneisses (Table VI), the Rainbow metavolcanic rock is
d\aracteri‘zed by a relatively higher, 2Zr, Sr and Zn content and lower
Rb, Cu, Ba, Ni and €Er content. |

Patterns of oéher trace element distributions can be seen in Figs.

12-13. Some trends are difficult to explain since no simple relations




Titanium: A1, Fe'
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exist between trace elements vs Sr (Fig. 12). However, In some cases,

similar trends for other showings are important and for consistency

" these diagrams are included here. The positive correlation between

Ir-U (Fig. 13f) suggests that a significant proportion of the uranium
in the Rainbow deposit 1s held in the structure of the minute inclusions
of .zircon crystals which eccur within the amphiboles and between grain
boundaries. The low mineralized ;amp]es are characterized by a lower

sphene content. The principal substitutions in sphene (CAT15104(0,0H,F) )

. are;

A

_Calcium: - Na, Rare Eakths, Mn, Sr, (Ba)

3, Fe+2, Mg, Nb, Ta, Vv, Cr

Oxygen: OH, F, C1 (Deer et a)., 1971) _
By taking into consideration that t& amphibale (another mineral) which
can accomodate Cr) content is more or less constant in the Rainbow suﬁples,
then the negative correlation of Cr-U {Fig. 13d) might be explicable by
the slightly lower sphene content in the highly nineralizle,d samples .

The criteria for distinguishing the possible origins of uranim

mineralization in the Rainbow showing are summarized below:

Syngenetic _

- Daughter products of uranium in fresh Tooking rock samples are in
radicactive equilibrium

- Ura;ﬁum is more or less uniformly distributed laterally {parallel to

, stratification) but changes abruptly vertically (across stratification)
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with change in rock type.

Stratiform nature of the deposit. 8

There 1s no evidence that this deposit might be epigenetic;
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TABLE  VII

Ve .
Modal analyses of a representative mineralized rock sample from Rainbow
Zone; all values are expressed as volume percentages.

~

Sample Number Rainbow Zone 7 (750 ppm )

Hornblende _ 59
Pla'rgiochse P 31
(Ang-Angg)

~Biotite ({ron rich) : 1
Opaques v . 6- )
Sphene, minor epidote 1

4

-

There are minute inclusions of zircon in the amphibole and the bi‘oti‘te
and this accounts for the high Zr content of the Rainbow rock samples.

]




TABLE VIII -

" RAINBOW URANIUM DEPQSIT

(values in ppm)

aagen PN o

Equitib-
- - Radipactiv- rium
Ir ) . tr ity C/S Ra/U

80 110

80
B | i
) 150 70
205 19 B : .40 100
1586 e , : 140 100
1197 - ' -9 100
- 170 90
1516
90 130
1756 _
193 . : 90 - 60
: 200 90
11 Boulder o _ -
Rainbow type ' _ ] g . 500

}
i
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l
'. -
!
!

OO W0~ v L i tw RS

il
-




L tm o e . ]
. M:‘"" ‘-""“-)“M‘\ " !-l! " na i - ~ - *—?emﬂm

/ «
L TABLE IX
RAINBOW URANIUM DEPOSIT
N ' o
Correlation matrix calculation for 10 sets of data
Varjable Ir Sr Rb In Cu Ba N9 Cr U
Ir 1.000 0.791  -0.612  -0.527 G247 -0.485  -0.658  -0.937 0.784
~%r — 1.000 .0.762  -0.650 -0.062 -0.523 -0.716 '-0.743 - 0.808
Rb 3 ©1.000  0.579 0.078 0.915 0.865  0.734  -0.806
n 1.000 -0.208 0,460 0.808  0.632 -0,782 ®
- Cu < | P 1.000 0.037 -0.118 0.295 0.145 , .
Ba 1.000 0.825 0.648 -0.631 h
"N 1,000  0.805 -0,886
cr. 1.000 -0.844
LI o~
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TABLE X
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RAINBOW URANIUM DEPOSIT

‘ ' 95% Gonfidence
Element Mean 1 Interval for Mean
Ir 1039 235 568 -~ 1511
Sr 1079 73 933 - 1226
Rb 47 | 15 SV .- 18
In 127, S5 ne - 138 7
Cu : 9 - S8 - 4
. r
Ba T 349 58 42 - 455
N . 38 2 S T S &
cr 54 8 39 - 10
U ) ‘623 (. 48), - 764
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Figure 11. Plots of. Rb vs Sr for the Rainbow deposit.
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Granoblastic a o .
ggregate of quartz, b " i
o P1agioc1ase? g quartz iotite, metamorphic amphibole

iron-rich biotite 2. metamorphic amphibole

Small opaque i - i thi -
que inclusions within pl 1 i
T opagq plagiocalse and quartz grains.
Cagseh1HQ1cated by Arrows 1 and 2 are surrounded by a halo, and
PCssibly be the radioactive minerals in the Rainbow deposit.
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J4 M. Ben Uranium Deposit

The M. Ben main uranium zone consists of small radioactive show-
ings which are found in a fine to med i um-grained feldspathic quartzite
which varies in texture from massive to foliated. The-stmngly mﬁlneral—
ized rock is a weakly banded quartzite, which lacks lenticular structure.
It shows visible lithological variation from the unmineralized rock,
with the presence of distinct mafic streaks consisting mainly of gamets
(andradite) and hornblende with radiccctive opaque minerals as ihélusions.

The mine_ralized zone is generan.y stﬁking EME-WSW and dipping
steeply to the south, The ;011‘:tion shows the same trend. The Michelin
uraniun deposit is located 17 miles WSW of the M. Ben deposit and along
with other radioactive showings {e.g. Burn,t Lake showing) are found {n
fe!dspathic quartzites of ggnerany simnar l1ithology which constitute
part of an extensive formation. »

A post;defomnmn’mphibonuc and a gabbrotc dyke intruding
the uraniferous quartzite is not radioactive. However, samples from
the center of these dykes gave 24 and 3 ppm U respectively. The
significance of these results becmes obvious from the fonowing.

Page (1960) compiled evidence ‘thet most uraniup district; of

the world contain nafic dykes , referred to as diabase, basalt, lamprophyre,

\.ejt"c. These dike rocksm be slightly older or slightly younger than the
‘ uranhn’r\depos‘lts bt they are all closely rélated in age. He states

that such small bodies of igneous rocks thesselves -are obviously not

.the source of the urank- Contaiﬂed in the deposits. but they do mpresent
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near surface parts of much larger adq‘acs.nt' igneou; bodies tll'\a\t could ,
furnish the uranium solutions. He concludes that intermadiate to basic)
magmas aﬁ probably the soirce of most pitchblende-bearing solutions.

' Many uranium veins,-such as at the Eldorado Mine, Great Bear
Lake, Canada, show little, if any, close associations with silicic
igneous rock; commaonly diabases are the only manifestations of igneous
activity of comparable age.! In ad&it‘lqn. Mursky (1983 cited by Beck «
(1970) has found geochemical and geochronclogical evidence to IsuppOrt
Page's contention that pitchblende ores of Great Bear Lake and the

associated diabase dykes were deriyed from the suﬁ. magmatic source.

The probable age of pitchl;lende from the original discovery in Labrador,

by lead isotope ratios, is 600 + 30 m.y. (Begvan. 1958) and Lamprophyre
dykes 500 to 600 m.y. (Leech et al., 1963), although King and McMiltan

(1975) found evidence that.some lamprophyre dykes have "an age”’not older

than Lower Cretaceous.

The uranium contant in amphibolités generhlly range from 2.6 to
4.) ppm (Rodgers and Adams, 1969). The high uranium content (24 ppm) of
the amphibolite dyke intruding the M. Bén main zone provides a further
geocﬁenica] evidence that possibly the uﬂc‘ clytes I1n_ the. area are
related to an original source of the urmiu.mﬂanut.ion.. The
association of mafic dykes ;!d uranium -'in-era'liution in the area is
in agreedent with Paée's olmrvations but " the éuestion of the primary =
source of uranium s still s'pet:uhtive‘. and it 1s not Wm whether ft
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'whol%y derived from crustal rocks by metamorphic remgnizat'ion ar
whether it has been pa.‘rﬂy Introduced from depths.
' Moda) analyses of low and high mineralized rock samples from
this shawing are given in Table Xi. As can be seen, the high mineralized
rock 1s characterized by a'high_garnet (andradite). content which contains
the opaque radiocactive minerals,

Table XII shows analyses for totrﬂ and leachable uranium of» 18 _
samples from the M. Ben deposit. Total uranium was analysed with X-ray
fluorescence which measures | tota) uranium content regardless
of mineralogy. Fluorimetry was used for the semi-quantitative analysis.
By such an analytical approach one does not extract total uranfum but
only the acid leachable uranium. As can be seen in this table the amount
of non leachable or \structural 'uraniun i< relatively very high, exceeding
1'n two cases 50% of the uranhﬁ content in these samples. Only in one
case (sample £14) the non-leachable uranium {s very low (5.4%). Fig. 14
fndicates that there {is poor correlation between 2r and diadochic uranium,
which suggests that not much uraniua is held.in the: crystal lattice of
2ircon. Obviously most of the d1adoch1c uranium must be hew in the -
structure of other minerals such as sphene hornblende and possibly as
incTusions within quartz. fel dsp&rs. lametite and pyrite. O

/

. Trage elmnt(concantrations .aod varioug statisticdl parameters
for these racks are given fn Tables XIII-XV. Plots of R vs Sr (Fig. 1)
range between Rb/Sr 0.05 and 3. The My_ojy ninerali‘ze;i -smlples have a
high Rb content and they fall in the field between trachyte and dacite.

3

3.
¥

3
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As 1in the Michelin deposit, the full range of those samples outside

igneous fields in Fig. 15 suggest that the protolith was not an igneous
rock and probably similar to the Michelin broto]ith.

Other trace element distribution patterns can be seen in Figs. 16a-
g, 17a-h {numbers 24 and 26 represent samples from the amphibolitic an&
the gabbro dyke). As can be seen {in Fig. 17a, Q plot of Rb and U
separated the low and the hlgighly mineralized s'amp]gs into two groups. A
characteristic feature_'ls»\:.he assocjation of high uranium c'ontent with
high andradite and hornb]gnde contents. These minerals, particularly the
andradite, Win the majority of radioactive submicroscopic inclusions
in this shouing. If amphiboles are.the only Rb-bearing mineral, then the
posi‘five U-Rb correlation might be explicable from the presence of higher
amphibole contents in the highly mineralized samples. Some trends are
diffichlt to explain §1qce hu sinple' relations exist between trace
elements. However, in son. cases, similar trends for other showings are
important and for consisténcy these diagrams are included here,

The Icriuria for distinguishing the possible origins ‘of uranium
mineralization in the M. Ben showing are susmarfzed below.

Syngenetic

- Stratiform pockets of uranh- -ineralization.
Absence of spatla] associauon with njor fault zones on 1gmous

1ntruﬂvos.




Epigenetic, hypogene

- Positive U-Rb correlation. (This can also reflect residual fgneous

trends preserved in the clastic sediments).
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TABLE X1

Moda) analyses of rock samples from M. BEN uranium showing; all values

are expressed as volume percentages.

[ 4
* Sample . Low mineralized r_'ock High mineral{zed rock
Number M. BEN 16 {32 ppm U) M. BEN 18A ( 4080 ppm U)
Groundmass (mostly - 79 64
quartzofeldspathic
~material) ‘
l
Opaques (magnetite, : 14 2
pyrite, possibly other
opaque minerals
Andradite 29
Other minerals 1ncluded'
zircon, sphene a -
hornblende 6 4
I ;
<
y _
Kl
T YA SR s ey s mapeb g
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TABLE XII

M. BEN URANIUM DEPQSIT -

o 3 S Al T

e
Radio- . )
Sample activity Total U Leachable U % Non lteachable U
Number (€/S) (XRF, ppm)  (Fluorimetry, ppm] Difference {Diadochic U)
E 100 320. 200 120 ‘ 37.5
£ 2 55 T 100 57 a - 43.0 - 4
E 3 0 630 3 260 | 4.2 -
E4 55 550 40 20 38 e
E 5 7 400. 193 ‘ 207 51.7 |
£6 130 13%0 . 800 590 @4 ¥
E? 100 780 490 . 290 3.0 ;
E£9 % . BIO 410 0. 49.3 ;
€10 200 3730 2650 1080 28.9 3
ENn 60 30 160 150 48.3
E 12 60 220 S 130 . 90 40.9 {
E13 §0 360 - 167 193 53.5
E 4 450 3690 use 0 - sa4 . 1
CEN5 5§50 1020 © M0 1280 S\ Y ey
E19 400 5600 - @ws - 75 - 13.8
E 20 180 %% 20 0 00000 uw 3.7
E21 160 1840 S mo SR < SR 451 1
E 23 200 @0 820, . 1400 N 1
i
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TABLE * X111
i _ '
) N ‘M. BEN_URANIUM DEPOSIT ‘
. . (vaTues in ppm)
Semple - _ . : : ‘ Radfoactiv- : -~
No. . dr Sr “Rb in Cu Ba Mo Ni Cr Ag U fty C/S
I3 25 (I s~ 4D 1 20 - 17 .6 200 100 5
e 1266 19 9 120 - 7 29 ] 18 - 23 .4 57 55 :
3 . Jase . 20 10 89 3 30 1 21 . 20 5 370 .70 -
4 ) Ww 2 1 " 295 10 48 238 36 59 1.2 340 5% 1.
5 . 1322 = 22 S 108 -2 38 2 19 18 .5 193 75
o 1316 ? 26 285 7 180 2 20 16 9.6 800 130
7 1984 27 14 220 6 20 1 19 25 .6 490 100
8 - 276 30 6 43 4 - 22 2 20 12 5 24 - 50
9 Nnes 43 16 149 .7 3. 2 19 13 .6 410 90
10 - 616 3| 68 Q9 2 85 ) 2 7 2.6 2650 200
n . 537. 77 9 61 10 63 39 23 n .6 160 60
12 153 69 7 59 . 7 4 8 21 14 1.6 130 60 $
13 . A4 3. . 7 143 5 56 1 19 12 .5 167 : 60 — ¥
H 541 179 79 21 17 293 2 27 13 8.5 3490 450 {
16 531 .76 277 8 108 2 27 19 2.5 2740 550 f
16 k%) PR ~ S 70 3 71 1 20 14 .4 32 50
¥ .o : v 450
18 K 320
‘19 -, 499 76 106 261 1 98 3 25 14 6.5 4825 -~ 400
19" 558 79 19 2R 4 96 2. 25 16 5.5 4900
20 _ 801 @ 4 . §2 " 326 1 30 1 20 S 4.8 2520 180
r4 I 146 - - 37 » 29 N4 5 34 1 20 a 2.4 1010 160
i 22 224 58 .3 3% 4 30 N.D. 29 29 1.2 15 .50
23 410 | 87 76 - 186 1 142 1 22 12 4.6 2870 200
A g: : 206 215 - 28 176 . 26 420" 2 55 53 1.0 24 go
: - : \ ' 0
2 = W -5 - 3 176 17 . m 1 61 42 .8 3 50
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[ _ . TABLE XIV
; .
M. BEN URANIUM DEPOSIT
) Correlation matrix calculation for 24 sets of data
Yarjable Ir Sr Rb - In Cu Ba N e U
>  1.000 0.266  -0.026  0.039 0.125  -0.205  -0.053  0.042 - 0.013
g~ ‘ * 1,000 0.447 0.392 0.83 - 0.917 0.829 0.491 0.242
RS 1.0000 0.5  0.225 _0.303 0.266  -0.044 0.966 \
In : - 1.000 ' 0.386 0.296 0,167  -8.000 0.565 ;
e - o 1,000 0780  0.808  0.673  0.041 ' s
Ba - ' 1,000 0.813 0.519 0.083.
N o : 1.000°  0.821 ™ 0,058
Ccr . ' : 1.000  -0.192 \j
;
¢
i ‘
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TABLE . XV

M. BEN URANIUM DEPOSIY

7

Me an

93¢ Confidence

Element STD Interval for Mean
ir 666 N2 44) - ~890
Sr 6l 13 34 - 88
Rb 26 6 4 - 39
In - 232 80 70 - 393
Cu 6 1 4 - 8
8a 99 31 36 - 162

W 22 2 n o - 27
Cr 17 2 N - 23
] 904 270 363 - 1445

N

e, i 8T




R—>413 —> Correlation

2000 g
@
X L9
®
Zr,ppm .
J .
. .o °
o
4 e 0 *
i
o | 1 | 1 i 1
0 100
% Diadochic U -

Figure 14, Plot of Zr vs. non-leachable uranium (see text).
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Figure 16.
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PLATE XII

4. Garnet (andradite) with radioactive opaque inclusions. Arrows
1-6 show some of the opaque radioactive inclusions.

b. égame thin section). Arrow 1 shows a larger opaque radicactive
neral,
M. BEN uranium deposit, Labrador.
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McLean Uranium Deposit

A The McLean uraniferous rock is weakly banded with mafic minerals

[t is located within an

which have been completely altered to chlorite.

extensive formation of the At11ik Group which includes mainly acidic

volecanic rocks. The bandi’ng is striking tn a general ENE-WSW and dipping

to the southeast, ;nd appears to be gradational into a well foliated

B grey and pink feldspar-quartz-hornblende-biotite granite gneiss.

P

Modal analysis of one rock &-mple from the Mclean uranium deposit

Most 0¢ *he rock consists of feldspars and

i< indicated in Table XVI,
Opaque minerals rimmed by sphene are possibly the radio-

minor quartz.

active minerals in the McLean showing. There appears to be a similarity

) ' .
in the mode of uranium mineralization between the Michelin and McLean

AN
uranium deposits, in bdth cases being in the form of davidite (Plate XIII).

Trace element ‘concentrations and various statistical parameters

Plots of Rb vs Sr

for those rocks are given in Tables XVII to XIX,

{
(Fig. 18) range between Rb/Sr 0.03 and 0.9 and they all, but one, fall

in the field of subalkaline volcanic rocks; however, this showing is

located in a feldspathic quattzite which differs locally in 1itholagy.

Compared to the average trace element concentrations of metasedimentary

! schists and quartzofeldspathic gneisses {(Table VI) the McLean yranium

bearing rock has a relatively lower Rb and Cr content and higher Ir and

Patterns of trace element distribution ¢an be seen in

Cu content.
Figs. 19a-g, 20a-h. No simple relations between the trace elements

exist in this showing.




Tt

| The main criterion for a syngenetic origir of the uranium

mineralization is that uranium is more or less uniformly distributed
laterally (parallel-to stratification) but changes abruptly vertically

{across stratification) with change in rock type. .°
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TABLE XVI

Modal analyses of rock sample from McLeam; all values are expressed

as volume percentages.

4

( J
Sample Numbers, MclLean 1
Feldspars (mostly plagiocalse: 90
An, .-An.., Andesine-Labradorite

407758 ‘
Hornblende and biotite altered 5
to chiorite
Opaques (magnetite, pyrite and possibly 2.5
primagy radioactive minerals of
unkndwn composition)
Sphene, zircon 2.0
Tiny opaque grains, possibly 0.5
radioactive, rimmed by sphene
|

SR N A G T X

DT
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5 _ o TABLE  xvI1
MCLEAN URANIUM DEPOSIT '
-, (values in ppm)
3 ‘ \
: Sample _ '
No. Ir Sr Rb In Cu Ba Ni cr U
1 87 232 16 182 12 205 . 57 80 900
2 72 226 4 156 -58 184 56 75 800 ,
| 3 1420 7 9 140 44 120 36 18 400 .
( g 548 35 119 49 15 232 20 8 100 >
6 420 88 69 32 0 422 19 7 50
7 126 305 38 163 80 454 4) 49 180
8 377 27 137 4 40 166 20 - 10 100
y 9’ 489 m 12 7 L3 138 28 20 120
3 10 1434 131 29 42 619 184 29 16 1450
| N 904 155 4 56 345 102 27 18 " 200
s | 12 1434 148 4 45 400 108 3 24 140
) 13 925 143 2 a5 637 120 27 10 160
N 2 50 - 640 125 30 15 165 -

13! 940 150

e,
e

+
i

:“.';.."I ¢4

P .

ﬁ




TABLE XvIIl

McLEAN URANIUM DEPQSIT

Correlation matrix calculation for 13 sets of data

variable

Ir
Sr

Rb
“In - -
Co
Ba
N

Cr




TABLE  XIX

'McLEAN URANIUM DEPOSIT

i 95% Confidence
Element . Interval for Mean

0y

Ir 323 944
S 186
Rb 61
n 112
Cu 310
Ba 259
Ni o 38
Cr - d 40
o

T~y e N PRI v v



PLATE XIII

1, chlorite; 2, magnetite; 3 and 4 opaque grains partly rimmed by
hene: possibly the radioactive minerals in the showing. The
white consists of feldspathic material.

McLean uranium deposit.
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Figure 18. Plot of Rb vs. Sr for the MclLean
uranium deposit.
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3.6 Witch Lake Uranium Deposit

The Witch Lake uranium deposit occurs in a weakly banded an&
volcanic tuff, with the strongly mineralized rock characterized by
distinct magnetite-rich streaks. The surface exposures of radioactive
zones are few and small, but gene%al]y indicate a tabular deposit which
is striking N70° - 80°t and steeply dipping to southeast. A banded feld-
spathic quartzite with variable 1ithology bounds the showing.

Modal analysis of a low and a high mineralized rock sample from
this <howing is 1ndicated§ in ;ab1e XX. As can be seén. the highly
mineralized samp]e;vare characterized by a high content of opaque mineraléi
particularly magnetifie. This suggests that uranium fs probably in the
magnetite in the form of independant compounds, 1.e. inclusions. Auto-
radiographs of the Witch samptes did not indicate the existence of primary
uranium minerals or interstitial radioactive material. The lack of
1nte;;t1t1a1 rad1oaétive material suggests that no uranium solutions have
percolated through the Witch Lake host rock after original deposition of
uranium mineralization and no extraction of uramium has taken place during
recrystaliization of this rock.

Trace element conceqtrat1ons and various statistical parameters
for those rocks are.given in Tables XXI-XXIII. Plots of Rb vs Sr (Ffg. 21)
range betweeﬁ Rb/Sr 0.05 and 0.07. All the plots fall close to the dacite-

andesite field. The highly mineralized rocks are characterized b} higher

" Sr and Rb and lower Cu contents. Patterns of trace element distributions

can be seen in Figs. 22a-g, 23a-h. The plot of Cu v§ Sr (Fig. 22b) separated




N

the low from the highly mineralized samples of Witch Lake uranium showing;
however, no simple relation Setwéen Rb and Sr exists.
The higher plagio;1asé content inithe highly mineralized samples
may be responsible for the positive. carrelation between Sr and U {Fig. 23b).
There is no correlation between Ba-ér, Ni-Sr, Ir-Sr, Zn-Sr, Cr-Sr
(Fig., 22a,c,e,f,g) and no simple relations between Cu-Sr and Rb-Sr
(Fig. 22b,ﬁ). Also there }s no ¢orrelation between Zn-U, Cr-U, Ba-U,
Zr-U and Ni-U (Fig. 23c,d,e.f,h). The stratiform shape of the deposit,
the lack of interstitial radicactive material which would indicate

passage of uraniferous solutions suggest a syngenetic origin of the

uranium mineralization.
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TASLE XX

Modal analyses of rock samples from Witch Lake Uranium Deposit; all
values are expressed as volume percentages.

Sémplb
Number

Low mineralized rock
Witch 18 (20 ppm)

High mineralized rock
Witch 7 (710 ppm)

Groundmass

Opaques (mostly
magnetite, minor
pyrite, possibly
other unidentified
opaques)

Quartz (sutured quartz
boundaries due to stight
post-crystalline
deformation)

Plagioclases An,,-Angq
(Bytownite-Labradorite)

20
22

12

27

4)

39

28

The groundmass consists predominantly of sericite, chlorite, carbonates,

fine grained opaques.

In the fine grained deformed tuff of Witch it is difficult to tell the
plagioclases from strained quartz.

\
14
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3 TABLE xx!
" WITCH URANIUM DEPOSIT
(values in ppm)
Equilib-
Sanple Radioactiv- rium
No. ir Sr Rb In Cu Ba Ni Cr U ity (/S Ra /U
.i' 1 175 308 43 58 154 462 29 25 390 140 160
2 156 327 57 88 . 157 480 n 32 40 75 100
X 3 163 306 59 92 142 508 33 35 340 120 90
o 4 - 180 236 26 52 17 630 28 41 90 &0 90
. 5 169 414 48 9p 40 383 3z ) 33 590 150 100
[ 162 372 42 84 8 340 32 39 890 14Q 0
g 7 171 345 59 92 89 415 37 56 710 250 90
' 8 158 287 16 67 73 429 33 42 10 50 200
9 163 170 17 75 48 428 26 23 20 50 100
10 185 385 54 87 81 423 33 40 730 220 100
n 172 388 58 118 10 384 35 - 30 740 75 100
12 - 164 239 18 40 29 756 23 24 90 60 100
¥ . 13 164 319 62 111 207 573 43 54 140 60 100
% | 14 194 263 20 49 23 607 . ? 26 80 50 100
Ay 15 187 245 22 XV, 53 725 2 28 10 50 200
) 16 169 250 20 - a3 54 802 26 28 40 50 150
o 17 191 301 17 45 44 568 26 29 20 50 110
. 18 181 199 15 80 43 339 30 29 24 40 80
o 19 183 285 26 51 25 613 22 19 50 40 100
- 20 148 180 19 68 33 310 29 ¢ 140 50 110
' 20! 150 180 20 70 33 300 30 0 145




TABLE  XXI]

TCH_URANTUM DEPQSIT
Wl E_

Correlation matrix calculation for 20 sets of data

Variable Sr Rb in

ir 0,045 -0.212  -0.368
S5r 1,000 0.762 0.554
Rb 1.000 0.796

In P ! 1,000
Cu A :

Ba
Ki

Cr




TABLE XXI11

WITCH URANIUM DEPOSIT

) 95% Confidence
Element Interval for Mean

Ir 166 177
Sr 259 322
Rb 26 43
In 59 82
40 92
Ba
Ni 27 32
Cr 29 37
U
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Figure 21. Plots of Rb vs. Sr for the Witch Lake
uranium deposit.
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PLATE XIV

Plagioclase

grains in a quartzofeldspathic groundmass with chlorite
and opaques.

Same as (a) under crossed Nicols.

Witch Lake uranium deposit.
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3.7 Nash Lake Uranium Deposit

A fine grained basic metavolcanic tuff hosts the uranium mineral-
ization of the Nash Lake main zone. The zone is striking NE and dipping
to the southeast and the uranium-bearing tuff grades northwards to a
vranium-depleted amphibolite gneiss and southwards to a varicolored
quartzite with slightly higher radfoactivity. The radioactivity along
the fractures is higher and this is due to a secondary coat of uranijum
minerals along the fractures.

Modal analysis of a Tow and a highly mineralized rock sample
from this showing 1s {ndicated in Table XX1V. The strongly mineralized
rocks are characterized in genera‘l by a high gamet {(possibly andradite),
hornblende and biotite content. The uranium possibly exists within the
garnets as submicroscopic inclusions and/or adsorbed onto hematjte which
fills microfractures (Plate XV). Trace element concentrations and
various statistical parameters for those rocks are given in Tables XXV-
XXVII. Plots of Rb vs Sr (Ffg. 24) range between Rb/Sr 0.02 and 1. The
Mghfy mineral fzed rock samples fall within the dacite field.

Compared to the average trace element concentrations of Ile‘ta-
sedime-ntary schists and guartzofeldspathic gneisses (Table VI), the Nash
uranhﬁ bearing rock has a higher Zn, Cu, Cr content and lower Zr, Rb and
Ba content. The higher hornblende and biotite content in the strongly.
mineralized rocks could account for the higher Rb, Cu and Ni content in
these samples. No simple relations between the tra& element and Sr
exist (Fig. 25a-g)“: Plots of Rb, Sr, 2n, Cr, Ba and Ir vs U separated
the samples of Nash in two Qroups; however, the relations between those

elements are not simple (Fig. 26a-h).
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TABLE ‘ XXV

Modal analyses of rock samples from Nash uranjum deposit; all values
are expressed as volume percentages.

Sample
Number

Low mineralized rock

x

High mineralized rock"

Nash 24 (3500 ppm U)

Hornb lende

Garmet (possibly
andradite)

Opaques (magnetite +
possibly other
unidentified opaque
minerals).

. Quartz + feldspars

(mostly plagiocalses,
Ango-Angg Labradorite).

Others (sphene, epidote,
bioti te, chloriteg

Nash SE {150 ppm U)

53
)

15

26

17
KX ]

34

13

e i (




TABLE XXV
Fa
NASH URANIUM DEPOSIY )
S - 2
/ (values in ppm} .
\/ : . Radfoactivity’
Sampje No. ir r . R In Cu Ba N{ Cr Hg U /s
WE 1 94 395 76 225 72 97 98 133 1.7 2160 220,
2 193 581 17 357 5 106 90 298 1600 60
3 147 723 26 128 171 145 77 113 1700 80
4 115 308 7 157 14 95 57 127 110 70
5 101 294 10 n2 - 32 122 (83 . 312 . .8 150 60
‘ 6 99 292 3N 202 .6 265 " 82 0 800 60
3 .7 109 382 30 216 12 251 " 87 283 300 60
| RGN _ .69 293 93 118 18 .. 103 . J06 29 20 40
i N9C 92 325 10 152 21 7 100 64 120, 50
-~ 10 17 245 13 245 12 43 64 148 7 280 150
1 4] 155 33 399 23 131 98 195 1650 250
12 7 282 110 184 169 193 94 . 365 3000 120
12 80 - 300 100 190 170 193 90 <365 2950 60
4 i 18 125 18 125 | 237 160 108 330 140 60
. 15 78 145 88 156 103 186 92 630 960 80
.. 16 : ‘ 50
3 17 R & 236 72 223 229 205 96 468 3000 130
5 18 73 420 69 207 170 105 114 227 3100 1000 .
4 19 59 . 189 151 198 206 319 17 611 100
l ‘ 20 79 181 83 158 15 155 84 559 400 . 70
21 . 56 301 85 200 390 140 119 450 3600 80
L% 22 89 383 14 211 201 177 81 196 230 80
it 23 - 73 152 M3 17 124 259 103 #54 1300 130

.y

24 90 290 132 223 171 227 181 451 3500 - 380
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NASH URANIUM DEPQSIT (Page 2}

(values in ppm)

Radipactivity
C/S
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) TABLE XXVl ;' .
) NASH URANIUM DEPOSIT ,
, A
3 o Corrélation matrix calculation for 27 sets of data :
: Yariable ir Sr Rb In Cu Ba N§ Cr U
Ir 1.000 0.856 -0.007 0.572 0.044 0,402 0,439 0.21 0,083
Sr 1.000 0.053 0.473 0.215 0.274 0.419  -0.004 0.27 '
: Rb 1,000 0.144 0.503 0.570 0.735 0.705 0.734 S
-.;; In 1.000 0.088 0.406 0.586 0.322 0.324 v
g Cu : ' 1.000 0.385 0.556 0.420 0.66%
Ba 1.000 0.697 0.749 0.407
: Ni 1.0600 0.666 0.640
. cr 1,000 0.438

LY
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TABLE  XXVII

NASH URANIUM DEPOSIT

~ 95¥% Confidence

Element Mean STD Interval for Mean
lr 83 8 67 99
Sr 286 N 223 348
Rb 45 7 30 6)
In 188 17 153 222
Cu 98 19 58 137
8a 136 13 109 164
Ni 84 7 70 98
Cr 284 33 216 351
] 1246 260 126 1766
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Figure 24. Plots of Rb vs. Sr for the Nash
- . Lake uranium deposit.
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3.8 Kitts Pond and Long Island Uranium Deposits

The Kitts Pond and Long Island uranium showings represent “black
shale" type uranium deposits like the uranium deposits in the Upper
Cambrian alum shale of Sweden (Svenke; 1956), the Devonian and Mississipp-
1an Chattanooga shale of Tennessee (Swanson, 1953), and the shale in the
Pennsylvanian Hartvﬂ'le Formation in Wyoming (Duncan, 1953). Thus it is
useful to present here some general information on the 'blacl‘t shale" type
ofluran1um deposits for comparison with data from these two showings.

The uraniferous black shales are mainly of the sapropelic, rather
than the humic variety, rich in sulfides, distillable hydrocarbons, and
finely comminutaed carbonaceous matter, and generally unfossiliferous
except for species of plankton and nekton (Mckelvey et a)., 1955). To
the knowledge of the writer the mineral occuring in the black shales
has not been established definitely. It is believed that the uranium in
Kitts and Long Island showings is mainly in lenses of dark bituminous -
matertal and not in the form of pitchblende; however, more detafled
studies are necessary to confirm this statement,

wWhitehead (1952) reports that in the Micocene nodular shalle of
California and the Pensylvanian Cherokee shale in Oklahoma the net beta
count increases with increasing phosphorus and carbon contsnt (between
which there is also a direct relation). Alpha-track studlies of thin
secttons of these shales and of the ﬁoodford shale show that the ratio

of the number of alpha particles originating in {norganic material to

these originating in organic material isY.4 to 1. These studies therefore
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suggest that uranium may be held both in phosphate and organic matter.
The largest amounts of uranium (as much as 0.5 per cent) in the

alum shale of Sweden are in lenses of dark bitumen called “kolm". Because

many forms of so-called amorphous carbon are graphitic in character,

Fredrickson(1948) thinks it possible that the (U*®0,)*¥Jon *is adsorbed
between the graphitic layers of carbonaceous material, forming a strong
structure due to the stable U02H jon holding the two lavers tcogether®,

Uranium 1n Kitts and Long ]sland showings 1; associated with
pyrite and although no systematic relations were found batween the
uranfum and the pyrite content in these showings, it has been suggested
that in black shales the uranium content generally increases with the
pyrite content but the pyrite itself contains 1ittle uranium (Mckelvey
et al., 1955). Autoradiograph studies (Bates et al., 1954), however,
show that much of the uranium in the Chattanooga Shale is in organic
matter- pyrite assemblages.

There {s an agreement for the syngénetic deposition of uranium in
the black shales and that the bulk of the uranium was derived dimt"ly or’
ifidirectly from sea water, which contains 1.0 - 1.8 x 106 grams of uranium
per liter. The question might be raised, however, as to whether the
uranius has been locally derived or brought to the site of depositfon |
t.hmuglh oceanic circulation. Strym (IMB) ahs postulated that the
uranium §s derived from adjacent granitic terraines, presumably during
periods when chemical weathering is the dominant procass of e\msiop. This

is a reasonable assumption 1f the basins of deposition are restricted

embayments, such as the Norwegian fiords on which Strgm’'s. observations

~
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were based. Probably restricted embayments or stagnant water corditions

sncs

v favored the formation of the Kitts and Lang Island uranfum showings.

/ .

Kitts Pond Uranjum Deposit

The rock which hosts the urantum mineralization in Kitts uranijum
E deposit 1s a pyrite-bearing graphitic argillite (black shale) and high
. radioactivity 1s in dark bituminous lenses. In hand specimen these
lenses are confined to the schistosity planes Aiwg with visible pyrite
7 ‘ * aggregates. '
’ Samples from an intrusive gabbro (hornmblendite) approximately
10 cm away from the contact with the shale gave 40 ppm U; the high
;‘| . uranium content of homjléndite suggests that a2 migration of uranium
has taken place from the argillite toward the gabbro during the intrusfon
of the latter,

A modal analysis of a representative rock sample from Kitts Pond |

deposit §s 91;/en in Table XXVIII. .
Trace element concentrations and varfous statistical pam-tcrs
for these rocks are given tn Tables XXIX-XXXI. Plots of Rb vs Sr
(Fig. 27) range between Rb/Sk 0.06 and 6; however the full range of these
plots does not indficate an origilna! source of spacmc‘ co-pbsition.
Average trace element values of the Kitts uranium deposit are
14sted fn Table'VI. It sust be esphasized that the average yranium

content of the afneralized rock is much higher sings Tenses of dark

" bitumen occur along the€ schistosity planes of the shale. However &
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radioactive shale with an average uranium content ranging from 150 to
360 ppm {see aiso Long Island shouing) with Rb/Sr ranging between 0.06
and 6 appears to be a strat1graph1c horizon which should be investigated
in detail for locating larger uranium concentrations.

Patterns of trace element distribution can be seen in Figs. 28-

29; however no simple relations exist between the different trace elements,

Long Istand Uranium Deposit

A pyrite-bearing graphitic argi}1ite (black shale) host also the
uranium mineralization in the Long Island showing. The fo-mtion, grades
to a-paragneiss mainly phyllite and biotite quartz felsite,

The uiﬁera]og‘lcal assemblage of Long Island shale {s, sim{lar to
that of Kitts, except that the Kitts has a higher content of bituminous
lenses and lower pyrite contant than the Long Island.

Trace elemsnt concentrations and various statistica) parﬁeters
fo-r those rocks are given in Tables XXXI1-XXXIV. Plots of Rb vs Sr
(Fig. 30) range between Rb/Sr 0.07 and 6; however, the full range of these
plots does not indicate an original source of specific composition.

Average trace element values for the Long 1sland showing are
given in Table VI. As can be seen, the trace element concentrations

for the Kitts and Long Island shale are similar, however, the uranium

. content in Kitts is h1ghér and the 2n content lower than those in Long

Island showing. This difference might be explicable by the higher

content of radioactive bituminous lenses in Kitts Pond shale and )ower
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pyrite content in Long lIsland shale where uranium and In are expected to '

occur in the bituminous lenses and the pyrite respectively. "
Trace element patterns are shown -1n Figs. 31-32, however no

simple relations exist between the different trace elemgpts, as would

be expected from shales . ' ;.4
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TABLE XXVIII

Modal analysis of rock sample

expressed as vQolume percentages.

- 114 - |

from Kitts Deposit; all values are

Sample Number Kitts 113, Zone

Hormnmb lende 16

Graphite " 13
Quart2 36 .

Opaques (mostly pyrite, plus ¢«

other possibly primary
unidentified radioactive
minerals)

R o~ N\“u._._ T

e




‘ . e o= - an 1 . !m . P . N Ce h‘w’.w‘ r - o bR oli==4 v,‘.

TABLE  XXIX

KITTS POND LURANIUM DEPOSIT

(values in ppm) . .
A : ~ -
B Samele No. Ir Sr Rb In Cu Ba N{ Cr U Radioactivity C/5
1. XNz 84 147 2 130 97 199 62 89 100
2. X113 IC 176 351 54 122 163 222 9Q 100 300 60
3. KT3 109 95 172 12 97 245 38 52 74
g 4, K10t - 194 206 49 71 3 432 19 14 420 !
5. KZA 107 128 32 107 127 136 267 26 113 100 =
1 - 6. K1G3 91 9 121 75 431- 514 34 103 -1500 o
‘ 7. K106 IA 75 55 50 102 357- 135 61 a5 70 !
- 8. KT? 1I( . 66 98 49 244 104 381 72 79 75 40
9. KINIOZA . 98 82 3% 95 482 230 60 106
16. K99 20 18 7 128 - 1 48 212 696 . &0
11, K108 ZA 105 75 127 332 198 369 - 62 140 500 350
12, K102 ZA 114 130 65 267 244 337 § 2104 100
_. 12t 120 1% 0 270 250 340 60 100 120
"‘T ‘\‘\\
\ .
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. \
\
, \\ ~3
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; \ TABLE XXX
- - KITTS POND URANIUM DEPOSIT ‘
Correlation ui:rh: calculation for 12 sets of data ' 'h
Yariable Ir Sr _ Rb Zn Cu Ba Nj ir u
a L Ir . 1.000 0.708 0.261 -0.150 -0.109 0,403 -0.597 -0.613 0.158
L4
' ' Sr 1,000 3,170 -0.173 -0.150 0.073 -0.192 -0,410 0.070 '
' Rb 1.000  ©0.360 0.260 0.713  -0.488  -0,322 0.685 =
! In 1.000 0.156  0.246  0.086 0,008  -0.129 -
" Cu 1.000 g.wa -0.343 -0.348) 0.304
Ba 1.000  -0.547 -0.457 0.693
Ni 1.000 0.930 -0.29)
Cr ) 1.000 0,151
‘;‘i
!
i
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D
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| TABLE XXX
KITTS URANIUM DEPOSIT
' 95% Confidence
Element Mean STD Interval for Mean i
! A r ‘103 14 75 - 132
= Sr ' 122 27 67 - 176
Rb 59 . 12 /s - 83
n 149 25 . 938 - 199
] Cu . 205 - 46 m - 298
. Ba 264 44 174 - 383
; Ni 67 14 37 - 97 ,
cr 141 53 35 - 248
U 267 127 13 - 82
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TABLE  XXXIII

LONG ISLAND URANIUM DEPOSIT

Correlation matrix calculation for 13 sets of data

Yariable Ir Sr Rb " In Cu Ba - Ni Cr U
r 1.000 0.747 0.847  -0,081 -0.334 0.809 0.382 0.611  -0.048
sr 1.000 0.508 0,108 0.278 0.669 0.213  0.842 0.153
Rb 1.000  -0.334 -0.283 0.684 0.475  0.488  -0.173
Zn 1,000 -0.287  -0.298  -0.450  0.25¢ 0037 &
Cu 1,000  -0.284 0.332  -0.362 0.036
Ba 1.000 0.650  0.514  _0.087
Ni * 1.000 0,236 -0.224
Cr 1,000 0.13
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TABLE  XXxII

-~
LONG ISLAND (RANIUM DEPQSIT
(values 1n!ppm)'
< \
Sample No. . Ir Sr Rb n Cu Ba . NI Cr U Radioactiwity C/S
1 52 52 58 154 . 23 199 75 26 100 60 '
S 2 59 115 2 1116 192 109 61 . 4 110 160 .
3 53 130 19 179 380 .70 51 56 310 _ 55
- 4 104 226 11 171 142 684 81 123 100 50
5 gz 156 3 556 192 227 61 7 102 - 100 50 g
6 7 169 79 297 148 653 86 99 240 60 -
7 57 53 47 74 663 256 99 55 140 50 o
8 56 133 KD 447 159 272 69 142 250 70 '
’ 9 97 126 117 4B) o161 243 66 114 100 60
" 10 53 35 62 41 245 230 12 51 70 60
: 1 . 96 267 - 136 175 205 525 S0 208 220 60
12 69 Y2 50 305 218 417 84 130 50° 60
) 13 54 29 '58 129 81 224 67 65 200 50
:i 13 60 15 45 100 75 200 60 .60 230
~
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TABLE XXXIV

LONG ISLAND URANIUM DEPQSIT

95% Confidence
Interval for Mean

lr
Sr
Rb
In
Cu
Ba
(R
" Cr
U

58 - 8
85 -
4] 85

LR .
EORETIV “’-.(gn./l.& a B RN .
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Figure 30. Plot of Rb vs Sr for the Long
Island uranium deposit.
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Some trace glemnt patterns for the showings under investigation
have been susmarized in Figs. 33-45. Diagrams marked by N are referred
to the uranium showings located in the Kaipokok volcanic belt an diagrams

marked by S to the uranium showings in the Walker Lake-White Bear Mountain

" area.

Among these tJhe Michelin and M. Ben have simfilar Rb/Sr spreading,
positive correlation betvéen U and Rb, features suggesting detrital nature,
e.g. presence of round zircon crystals and the pattern Zr-Rb-Sr (fFig. 33),
similar U-Zr-Rb pattems (F!g. 35) and therefore geochemically belong to

the same group of clastic metasediments.

The Ratnbow, Wi t&h and Nash Lake deposits appear to be rolcanogenic

syngenetic uranium deposit while the Kitts and Long Island showing
represent “black shale® type uranium deposits, with the uranium being
mainly concentrated in dark bituminous lenses.

The MclLean uranium deposit {s Iocited in a feldspathic quartzite;

however, plots of Rb/Sr suggest a subvalcanic source for the host rock

of this showing,
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Figure 33. Ternary trace element diagrams of Zr-Rb-Sr of Michelin,

Rainbow, McLean and M. Ben uranium deposits.
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Figure 34,

Ternary trace element diagrams of Zr-Rb-Sr of the
Kitts, Long Island, Nash and Witch uranium deposits.
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Figure 35. Ternary trace element diagrams of U-Zr-Rb of the
examined uranium deposits. -
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Figure 36. Summary of trace element patterns U-Zr-Rb of the
examined uranium deposits.
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Figure 37. Summary of the trace element patterns Zr-Rb-Sr
of the examined uranium deposits.



6000

NSH

L
~mmmm~ WTC

#
U, ppm

6000

———=—--RZ

134

— ..
et ettt Tl L L ]

200

Rb,ppm

Figure 38.

d uranium deposits.

.

Summary of trace element patterns Rb-U of the
examine



- 135 -

3000
-------- | |
N i b e i INFS
— KTS

= e s
—
~

s a3 - 4
W !
L e =
0 /__:_‘:::.'.,. ............. - — S —

0 6000
U, ppm
=—«—. MCH
— = MB
T S L R e [ e I~ ey L = i
O_’_ s //‘\\ ......... MCL
o A
£ \
i~ "
i \
L~ & X
8o,ppm \-\ /./ \\
\
/‘\\ \
i \ \
18 \
e e gt SN R G Y
o 6000
U, ppm
Figure 39.

Summary of trace element patterns Ba-U of the
examined uranium deposits.



AR

1500
5 ammemmame LI
s v — e NSH
N ———e KTS
™ o,
7 e
. T i
Sr,ppm .'/“/ ¥

o 6000

U, ppm
1500,
[ iy ——— MCH
S — —— MB
VA —_—————- RZ
)
g ! S cesennan « MCL
/
7 )l
/
! !
f ]
F o
Sr,ppm 1 /
1 /
1 /
i .S
N -
—— O .
.-—““-’- ‘\.
/-/./ \-\-
e A —— —
------ REL rf__' -~ = N S
. -\ ", ( ) =
(@) L L A L =TSty e e D __.) ,
o 6000
U, ppm
Figure 40. Summary of trace element patterns Sr-U of the

examined uranium deposits.



- 137 -

it B
2200 .. ——t—ie—e— NSH
N SEGTEIOR ¥ & of 4
Zr, ppm
oo R
1 ‘V, ) )
\ P :J
0 e NN {- — iy oy s 7 S T e o e e o et it M S 0 ey ey e 3 @ e _// :
o 6000
U, ppm |
2200_ T McH
—— MB
—=-=—=—~ RZ
recacsss MCL
Zr,ppm
_‘_-_-—-_--“.-‘“‘\A
)
L — —ﬁ\ /
- ~N -
\ —
>._—‘-"‘-—-—.—— - __/ /
o ~i
o 6000
U, ppm
Figure 41. Summary of trace element patterns Zr-U of the

examined uranium depositsg



- 138 -

oD, LR VS RIUSA o e L

\I
S
Z
|

I

!

i
z
]
I

LT

./"’.‘." ! \‘\-\“‘\
znppm || : ‘\“““
a ~.
i:'/—';\\ B
s ] . ~
b (S
S, /
e Tl _l e
HERTEE SRR S S SR e My e e e
o I{-’“_ D Zadiadind il 1
i 6000
U, ppm
o s s MC M
800 =
- I e L A ) e M i RZ
//\\ ....... MCL
S s \
/4{ \
— \
g AN
o
3 ] :
Eonm A / N
/ \1\
o [ ;

o f [
g Ly
ey v \ // /

o Q: _',._’,_/......;.-—-— — — e —— -:—L-//‘/ =
= 6 000

Figure 42. Summary of trace element patterns Zn-U of the
examined uranium deposits.



- 139 -

AT i D e Ll
T N o
Hr——— KTS
I‘j\\ ~~~~~~WTC
£ 0
! \
) \
; i
i 1
i it
1 N )
g B
| . e |.
‘. / ok ,
I e e aa /
/1:" 'f o
4
\\ ri /I-

R
i A e
| S A % -
: \ ’"/‘ il
’ [} —
_'} e
(o} oL i !
o | 6000
U, ppm
s s =—= - MCH
800._ S —_—— MB
—————— R2
e Atk "0. o--o--a-.MCL
Cuppm |: :
'.-—- — s ¢ e A T T s e e T e o et s
(o] dd:-_.d:‘!__ 7 e Vot e (o > -
6000

Summary of trace element patterns Cu-U of the

Figure 43,
examined uranium deposits.



e

e

——em——— NSH
e AT

o — — & m—— —"—“"—"-—n\__‘\\-
\'-
¥

5,

\

Y
\
1
\
|
!
7§

//

— — g — 0 il @ e . 8 it 88— - i N
6000
U, ppm

temmi—+ MCH

-_—— MB

s; ----- RZ
a8 6 sw o a0 MCL

= e
6000

U, ppm

Figure 44, Summary of trace element patterns Cr-U of the

examined uranium depcsits.



- 141 -

: et L
200_ —e—— NSH
L KTS

S\ mmmmee WTC

.',
>
P \
o }
/
r, L
Ni,ppm & e
.n——""'“’“-’
o
e
o 6000
U, ppm
—«=——~MCH
200, -— — MB
-—=-— RZ
S s e e ® o aas MCL
Ni,ppm
S y
e B
N~ N\
N\ pamae) .
) i "
P oplaa ——
: ¢.:'——0-——-—h\———-’—— ——.-——-— ) -j
g_"——-——-—.._.r'A.‘:__. __;—- —-._——..-—-——-—_3_7—--—"‘-"1
Wk e e e T . e e =
& o 4
o 6000
U, ppm
Figure 45. Summary of trace element patterns Ni-U of

the examined uranium deposits.



. 0
o e e e Lt oA LRl S VRN . Vo teres -

- 142 -

CHAPTER 1V

T g I TR 1 e N gt

EVALUATION OF URANIUM EXPLORATION TECHNI?UES IN GLACIATED TERRAIN

Discussion of geochemical exploration in glaciated areas have

B

been given by Bradshaw et al. (1972), Jones (1973), Kvalheim (1967) and
Nicho! and Bjorklund (1973). The purpose of this chapter is to prevent

an evaluvation of some uranium exploration techniques in bart of central

£ Labrador. ) %
' A

' é;

4.1 Terwminolpqy : . _-

: oA 3

A brief review of t‘em1no?ogy_1n glacial geoloqy 1s useful tb
understanding the significance of,1ée}-transported materfal in exploration
geochenistry. . » . ' n J

According to Flint (1971) materi§1 which has been transported
and deposited as a result of_lfce movement is known as glactal drift,

which can be ti1! (non-stratified) or stratified drift. Two types of '

k _ till are recognized: lodgment ti1) and ablation till. Lodgment til) o | :
; is deposfited at the base of a glacier. Ablation till {s deposited from
' | drift in transport upon or within the toufnﬂ'nreu of a thinning and
melting glacier. Transported réck frapots are called erratics (only
if underlying 1ithology diffors) and boulder trains consist of a nrios

of erratics. Usually by mapping boulder trains the gmvenmce can be ¢
deterwined and the direction of tce flow. 'Y

I v -

- 4,2 Genaryl '
) Bmchuiqn amlw“u “overturden are generally

: . , : 4 - /
. F;.f’_'_‘__,_,,—/-‘—”’ » /
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difficult to interpret in terms of bedrock source. Ffrequently the
diversified naturé ‘and brigin of glacial deposits and the ¢omplexity
of the local glacial r!ist'bry tend-to tead to a corresponding complexity

of the dispersion processes and resuliting geochemical patterns. ' Obviously,

successful interpretation of such anomalies is largely .dependant on a

thorough kiiowledge of the glacial history. In other words one of the
most basic problems in geochemical tlexplorntioln in areas oflglaciﬂ |
overburden {5 an a;iequate understanding of }.he giacial history, which can
vary within an area on both a regional and local scale.

In this particd‘lar part of Labrador the glacial deposits, which -
are in the form of boulder clay and outwash material, generally cover
the bedrock over 'extensive areas and it appears that they have not been
moved very far from the source bedrock (Brinex, unpublished data). The '
glagial material forms a complete se'quepce from thatk depositéd directly

from fcé to that deposited in running and quiet water. I[n some cases,

- &8 fn the Rainbow Zoné, there is. a complete gradation of sizes from

clay through sand and gravel to huge blocks , as well as a complete .
gradation of shapes from angular to perfectly round fragments. '
The boulder trafns appear either as 1ines of erratics or in a

fan-shaped pattern, e.g. around the Michelin showing, with the apex at ’

the pface of ortgin although the orfgin of some of these is speculative

* and problematic. ; ) - ' ] ¥ '

Lundberg (1972) presented information on‘ the range Io'f different /
exploration nethods‘us._ea in Uranium exploration 1n northern Sweden (Fig.46-47).

One significant point which can be seen in these figuras is the sequence
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& - Figure 46. Outline of range of different exploration methods used in uranium exploration in
northern Sweden (after Lundberg, 1972}, '
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B
]
»

Figure 47. ldealiz?d time scheme for uranium exploration field activities in northern
Sweden (after Lundberg, 1972).
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of application of the different techniques, e.g. Snowscooter-bome

surveys have to be done during the winter while radon surveys should not

nvnmall¥~h2_gggg\gffore a detailed boulder tracing (regional or local)

‘survey has been compTe.z\ed. simply becayse no distinction’can be made by

using- a radon technique bé\t\ueen bi:ried mineralized bedrock and mineralized
boulders. If the distributiom of glacial erratics is known then the

interpretatiod of radon resuns.l in conjunction with othér factors (relfef,
drainage pattern, structural geology) can reveal useful finformatton on the

radon source which usually s related to uranium mineral{ization.

4.3 Radon Survey

Work on the soil-air dete‘clt_ion in Labrador was threefold:

(a) Comparison of radon results obtained with Track Etch films and
radon counter methods.

(b) Proof of the 1mpract1ﬁabﬂity of radon techniques to make any
distinction between covered uranium-bearing bedrock and covered
erratics as mli‘- as correlation between the Track density and the
radon source, and -

(c) Degree' of reliability of interpreting radon results over ground
where glacial drift has an uneven distribution.

(a) Comparison of radon results obtained from Track Etch cups

and radon counter méthods.

Radon detection techniques for uranium explovation, belong to the

so called vapor or gas surveys, the results of which are generally very
difficult to repeat exactly. A radon survey over an uraniferous ares 1in

N A

T e T T
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Labrador showed a close correspondence between two different techniques, l q‘
radon detection by radon emangmeter and the track-etch method. ! §

Radon detection by using a radon counter, INAX, Model CPD 284 (Adapted

from AA. Leyinson‘s “Introduction to Exploration Geochemistry*, 1974 )

- Several papers have been published on the use of radon -222 as

a uranium exploration tool (Peacock and Nilliamson, 1962; Dyck, 1968; . ;'

Dyck, 1969; Smith and Dyck, 1969; Stevens et al., 1871; Morse, 1971,

Bowie e g , 1971; Soonawala, 1974), and for the purpose of this chapter
only a brief description on the radon detection by using a radon counter
is given below. ‘ - ' o ‘

In the decay scheme for 238u. ‘there are several unstable Mgrs

as follows:

238,238, _, 230y, _, 226, 322, . 218, _ 24, _ 2, 210,

210p,, _, 206,

Although severa) nesbers of this serfes are alpha-emitters in addition to
Zzan their half-lives are, iu the ringe of minutes or seconds as opposed
to the 3.8 days ofzzan and so their interference is negHgible The .
same applies to ZzoRn one of the daughter products of the decay of 23‘?Th. i :
To deten:utne radon 1n soﬂs. it 1s necessary to flush 1t frm thé -
soil with atr, through a perforated or open-ended pipe inserted in the

soil io a depth of 3-6 feet. The air-radon mixture is then forced into

the speciai activated zinc su].f‘l)de chamber of a radaon detector from which. \/




all light is excluded, but which {s open to a very sensitive photocell.
When an atom of 222Rn decays in the chamber, it releases an alpha-particle
causing a fluorescence of the 2inc sulfide which {s detected by the
photoelectric cell, In the case of water samples, after one liter has
been collected in a polyethelene bottle, air is circulated from .the |
counting chamber to the water bottle and back to the counting Ehamber.
bringing ;ith tt any radon dissolved in the water. As with radon

collected from soil, decay of the radon results in a fluorescence of

the zinc sulfide and the 1ight is detected by the phutocell.

The Track Etch Technique

Diumh and other variations in sofl air radon led researchers’
at General Electric to develop the Track Etch technique (Gingrich, 1974).

Alpha-part_icles em{tted by radon gas can penetrate certain
plastic films and cause invisible damage along their paths, and sub-.

* sequent chemical etching of the plastic films causas the d-aéeq tracks
to become visible, hence the name Track Etch. The visible tracks can be
counted to determine the nouni of radan present. Track_F;tch fil;s__
record the amount of radiation exposure (ra&on present) much as photo-
graphic films record the amoont of T1ight exposure. However, they are
uniquely different since they are not sensitive to 1ight or-other
electramagnetic radiaiion. such -as x-rays or gammd rays. To apply the
Track Etch technique in uranfum exploration, small b1eces of speclally

.‘ser-\s1t11ed[ plastic film are placed in sample cups to detect the alpha-

particles emitted by radon. The sample cups containing Track Etch films
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\
are placed upside down 1in shallow hales (0.6-1 m deep) over the area of

e R EaRa Xe Y |
2
-

investigation. The sample holes are located in a frid pattern of which ¢

the profile spacing and station interval depends on the size of the
area being explored, the depth and size of the expected ore bodies and
) "~ other factors related with the general geamorphological features of the .

area. After the cups are in place, the holes are c.overed-and left

undisturbed for severa) weeks. By leaving the samle cups undisturbed
£
, for an extended perfod of time, a true eguilibrium radon concentration
can be measured, and therefore rgsuus are aore reliable than those

-

ohtained with other techniques.

The Track Etch film is recovered from the cups aftec the sampling

period is completed and the films are returned to a central laboratory

where they are processed and read to determine the number of alpha tracks
recorded.

<

PR 2 ok ity AN
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Field Work h - _ ' .

PR 4

Part 9! the Rainbow grid of approximately 10,000 IZ was covered by |
using both conventional emanometer and Track Etch techniques. A profile '
spacing of 60 m and a station interval of 60 m was used. Because of the )

R

P i lnant il

shaltow soil conditions in the area, the depth of the holes was 0.3 m 1in

both cases.

The Track Etch cups were placed in the sawe holes where radon had

. been earlier detected By us1ng'the conventiomﬂ eamanometer. The holes

were covemd by smal) vﬁces of pl,wood and the cups were left undisturbed
d for 20 days. It shou‘i*be rent ioned ' that care must be taken during the

Ly




placement of cups so that they are not substantfally pressed into the soil,

as this would result in measuring the less energetic alpha emitters in the

soil as well as the gasegus emitters.. ) ¢

Results

The results are shown in Figs, 48 and ‘49, Fig. 48a shows the

distribution of radon detected by using the conventional enamometer. It

is quite clear that there are-three radon highs which outline a linear
zone along the base 1ine of the grid. Fig. 48b styows the distribution of

radon detected by using Track Etch cuips. It can be seen that the Track

Etch maxima cutlfne more or less the same linear zone along the base 1ine

of the grid. Fig. 49 shows the correlation between emanometer readings

in counts/minute (c/m) and the track Etch readings in Tracks/Square -

millimeters (T/Sq.' ). . )
The Track Etch shows a weak high off the base 1ine. This high does

not show up in the emanaméter results. Fig. 50 shows that-the soil-afr

radon concentrations ca.n vary by factors 4 to 30 in any 72 hour period at

a station of a grid. .This variability could explain -the lack of the

3,
¥

emanometer radon high off the-base 1ine (Fig. 48b).

-\

The fact that the uranium showings in the area have a )inear
pattern striking E-W reinforces the phssibility tat the radon anomaly

'_'_ L3 y overlies a uraniums depos{t covered by the ove A

Compartsons .
The current price of one Track Etch cup fs $15.00, while that of

-

N
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a radon counter s close to $3,500.00. The cost of the 40 Track Etch

cups used in this survey was $600.00. A cup cannot be used more than

once, while a radon counter can be used many times. A minimum order of

2 mﬂ:er of cups whose total price exceeds the price of the radon counter,

is vaually required. On the other hand the simiicity'of the Track
’ /

IR

Etch technique eliminates al) mechanical parts and special! electronic

equipment whose breakdown in the field can cause costly delsys, Perhaps

-y - -

t.he,uiﬁ advantage of a portable enamometer 1s that the data {s fmmediately

available allowing any unusual readings to be {mmediately rechecked and

additional attention given to special features of anomalous areas.

<
-

Discussion

Soil conditions in this part of Labrador are far from idesl for
radon tests. The overburden often consists of compacted clay or gravel

+ "interspersed with boulders,. In an area with normal sofl conditions these

surveys could have been completed within two days, but the {nterspersed

boulders caused a delay.

The emanometer survey was completed within two days. The Track
g€tch wp§ were also placed within two days. After 20 days 1t was necessary -
to.-visit the arep again and pick up the cups. So from the point of view

of time and expense the Track Etch technique has the disadvantage that a

minimum of two visits per site 15 required.

No clear distinction between radon isotopes can be made with the

Track Etch cups, while this §s possible with the emanometer. '

\

° Radon detection with emanometer and Track Etch f1lms over the

\
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Figure 48, a. Distribution of radon detected by using the conventional
emanometer.

b. Distribution of radon detected by using Track Etch cups.
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Figure 49, Diagram showing the correlation between emanometer read-
ings in c¢/min. (c/m) and the Track Etch readings in Track/

Square millimeters (T/Sq. mm).
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same ground sm similar pattarns of the radon distribution over a
urantferous area in Labrador. [t 1s concluded that despite some
diffe_ronces either techniQue can give more or less the same nt1sfactory'.
results for the detection of hidden uraniym deposits in this part of |

Labrador.

\-‘} * - !
(b) Proof of the impracticability of radon techniques to make :

u\_y‘ distinction between covered uranium-bearing-bedrock and

covered erratics.

In an at‘t-pt to confirm the impracticability of the radon tachnicpe‘
as to the di_stinction. between covered bedrock and covered erratics the
following test was carried out: | ) ‘ _

Two barrels, namely "Radioactive™ and "Non-Radicactive® were filled
with $0i1 (glacial drift) which was taken from the vicinity of a uranif- .
erous showing. Su- redioactive rock fragesmts were placed 40 cm below
the surface fo'the soil, in the "radicactive barrel® as indicated in
Fig. 51. . ' \ | .

Twenty, maimu sofl-a{r radon nidings. were taken from a 30 cn;i'
deep hole .1n the barrels using a‘cenmtioml emanometer for 9 oonou'cduve ';'
days. The t-puuturol and ndibactﬂiﬁ‘at the same spot were alse ‘
measured. The radon, radivactivity and ugnntnro resdings were plotted
and the results are shawn fn Fig, 52. _In the first day both the radon -
md_r.dioaétivity values 1n both barrels was the same and the uphmtiu;
for this.is that during the first day not much radon hyd been emanated

from the uraniferous rock frageents. Measurements in the “non-radioactive

v
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barrel” gave readings which range in general from 10-35 ¢/m. The readings

-~ wm' bt -‘w—“

in the “radioactive barrel* were of the order of 50 to 130 c/m, .i.e.

approxﬁntely four times as high as the readings in the non-radfoactive

barrel.
1

3 During the soil-atr radon survo;ys. the radon readings ;aken over

uran{um bearing bedorck were of the same intensity with those taken aver

B £ JEREN
.

the uranium bearing fraguents in the “radioactive barrel”. From the

above observations it {s concludoa that : 40 or 60 c/m soil-air r;don
. reading could be attributable either to buried mineralized bedrock or to |

burfed ni}\erghzed e'r‘ratics. | : ;_-

S b

_ After the end of the soil-air radon measurement with the con-
ventional emanometer two holes, 30 om deep were dug and a Track Etch cup _ "3{';-.
was placed on the bottom of each hole. :The cup was left undisturbed for 3
20 days as dascribed above. ’ Based on the results obtained {n the two
‘barrels a qualitative correlation is apparent betwsen the Track density
and the depth of the radon source. The distance batween-the Track Etch L  _"
film in the radioactive barrel and” the uraniferous specimen is 17 om, ' I" i
The Track denstty was 280.724 T/5q. mm in the case of the “radiocactive
barrel® and A22.'358 T/5q. m in the case of the “non radfoactive bcrul"':
Assuming ‘tbct‘.ilpg physical conditions of the till above the bedrock 2 &
are more or Iess_;h"ar to the con&itions of till materfal above the rock ‘

fragment in the radioactive barrel than it should be expected that a

reading fo the order of 280 Track/Sq. =m W U source
beneath the cup not deeper than the distanc€ between the tup and the
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radfoactive rock fragment in the “r.)dioact'ive barrel" o However, mchl
field and experimental work need to be done to gh},e a more quan.tativg
evaluation of the correlation between Track density and depth of the -
source. -

~

(c) Evaluation of radon results over a ground covered unevenly-

with gl acial drift.

Experience showed that at least in the Michelin area and Rainbow

Zone ther is a close assoclation of uranium geposits and radicactive

boulders, and with regard to the general radon work in this area, when

a high radon reading is obtained, four questions mst be answered:
1. Is the radon reading due to a U-bearing buried body?
2. s the radon reading due to U in the fine fraction of the tili?
3. Is the radon readirg due to a buried or even partly exposed

mineralized boulder? .
4. Is the radon reading due to some cambination of the above?
ﬂn interesting exmmple with the above mentioned problems was met in
Rainbow grid, F19. 53, The grid ts divisable in three diffeﬁnt areas.
Hrsf area. Between lines 40M and 60W. In this area, although many N
radioactive boulders occur mainly along the base 1ine, the radon readings
were low axcept for the three M‘gh readings 16, 25 pmi 37 ¢/m at stations

S2W IN, 58W 4N and 58W 1S respectively

Second ares. Between G0N and 80W. Radicactive t{11 {s dispersed almost
everywhere in this area and a great deal of contamination has been
-1nvolyed {n the survey and. ha:x 1n?1uoncq& the radon readings, preventing

T R —————¢

L
- \»K“-




any systematic interpretation.

Here the radioactive boulders are

Between 80W and 100W.
not uniformly dispersed, but they are concentrated between 99W and 88W

Third area.

from the base line southwards. In this “clean” part of the grid the

¢ linear soil-air radoi anomaly along the base )ine which was confirmed

with Track Etch films represents a true anomaly and should be tested

with drilling.

M.8EN GRID (North Showing)

The radon _s'ui“vey in the Emben Grid revealed a number of radon -

anomalies of the same magnitude (order) with. those in Ribbs Lake Grid

but neither drﬂHng_ nor further work is reconllendeld on these anomalies

for the following reasons:

1. The ndioacﬂve anomaly in the northeastern part of the Grid is

due to radioactive boulders (Fig. 54 ). The lack of a radon anomaly

in the same part of this grid {s an evidence suggesting that no buried

uranium bearing rock is underneath this radicactive anomaly.

Two points which must be emphasized are:

v (a) Although the area is well outcropped in some cases the distinction

PSP S

be tween outcrop and glacial erratfc is not clear.

(b) The thickness of the soil 1s nat stable;. in some cases it may be

4 feet, in some 1 foot and 50 on. Differences in soil thickness -

are expected to mod{fy the radon readings in such a way that it

is not easy to say a sofl atr radon reading 15 c/m §s less

significant than another 30 c/m 1n other words, no evaluation
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between twa areas which have been outlined by the 15 ¢/m and the

|
14
!
{
)

30 ¢/m contours cnﬁ be done unless 1t is known what the thickness .
of the sdfl is over the same areas and the physical properties of
this (moisture, temperature and so on). (Soils of the same
. thickness in the general area of a grid are expected to have the
same porosity).
the radioactive anomaiy'ind its radon counterpart in the,éouthil ' b

eastern cordor of the grid (station 2E 25) {s due to an outcrop gﬁose.
" maximum radioactivity with the SPP-2 is 1800 counts per second. .

~
.

In general readings of the order 20 c¢/m upwards are 2bove or in
the vicinity.of uranium bearing sources.
Two smal) radioactive outErops {s 1ikely to be the source of the

radon anomaly in the southwestern corner of the grid and it fs worth

noting that this anoﬁa1y is more extensive than the others in the same

grid and could be extended further west.
Q

RIBBS LAKE GRID

vm-““"' -

Fig. S5 I (map {in back pocket) shows the distribution of radon
gas in the Ribbs Lake‘grid as well as the histogram and cumulative %
frequency of radon readings. Radon quantity plotted: radon reading
minus background (unsmoothed values). Among the radon highs ;houn 1n

this grid only the one at station 26W on the base line 1s related with

redioactive rock, possibly b1g radigactive boulders.

Fig. 55 11 shows the distributfon of radfoactivity. The ¥
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individual highs\as well as the linear zone between, stations 14W and ,
~ 26W are not significant'fmm economic point of view. i
Fig. 55 1Il shows the distribution of radon gas -as well as the
histogram and cumulative X frequency of radon readings as in 55 I} .
radon 'quantity p]o_tted: radon readings minus. béckground { smoothed <
values. - ‘ ' ‘;
- _ : .7 .
Fig. 55 Iva and 55 IVb show that there is poor correlation h
between radioactivity and radon (-w"'rsnboth'ed vaTues)_ and radioactivity
and radon (smoothed yalues’); respectively.
’ ) .
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o 4.4 Lake sediment geochemistry.
i j ] . .

Lake sediment sampling in an area of approximﬁely 160 km2 centered

.on the Michelin and Rainbow depoiits revesled the same zones which were

previously outlined b)1 airborne and lake water geochemistry surveys. It

"is suggested that detailed nearshore )ake sediment g.upling can gutline

anomalous zones {n areas where there s no surface evidence of ore

bearing rock.

Further analyses show that the clay and organic content

hpve no effect on the elemental concentrations of the samples and so the
Some of the zones

anou‘Hes represent trye ano-aHes close to the source.

stand as extensions of the efxisting uraniu- deposits 1n the area.

Lake sedixent snpnng has been used as reconnaissance explor-

ation means by previous workers (Mlan.' 1971; Allan et al., 1973; Allan

and Rich&rdson.' 1974). My attempt was to exaﬂne how a detailed near- o

shore lake sediment stng progn- can bg nsed for Iocating of snomalous

p 3 ' . Iunnfu and copper zones 1n an /m& of’centrn Labrador Samp1ing of

1ake wat.er 1n the %mﬁdhn Shield pmvid&s A means M evaluating large

" _regions at rate in excess of 100 square nﬂgs per day usting a single

sampling team (Meyer, 1969). In the same way conventional lake sediment

sampling can be used as a means of evaluating large regions.

_ Although airborne surveys are being widely applied 1n uranium.

1, even the most sensf'tulve gamma ray spectrometer can miss

explorat}
. targats in area of déep ove\vburdon br rugged terrain. In tMs uraniferous =~
'~ area of relative dub overbyrden and ruged terrain detailed nearshore

ling '{s consjdared to be useful becaese (1) 1t outlines

?

T'akc sediment
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areas more precisely than conventiona'l lake water and lake sediment
sampling, (2) it may reveal targets missed with airborne surveys, and (3)

the lake sediment smples can be analysed for nany elements.

™

s

Field Work -
5 : " The shallow lakes in the area are glacial in origin with the )

majority occurring in 1rne9ular depressions within ground moraines
(kettles) and tn ice-scoured rock basins. One hundred and eighty-four

" lake sediment samples were collected from 24-hkes usihg-a float-

" equipped helicopter and a cance. ‘Three to four lakes un"swled»éach
‘day, p,ef-ltting completion of this orientation survey in 2 week. The
upper 20 cm of the lake sediment, 1 tg 4 meters awy frﬁ' the shore line,
ws collected with an auger. o A ) - I

GEOCHEMISTRY

' Mode of metal occurrence

. Metals in sediments may be contained:

-

(1) within the structure of primary sulpMd. and silicate minerals

(2) 1in oxides, uydroxtdts.carbommw wlphatgs_, and* |

, s (3) adsorbed. onto ‘clay and organfc particles. .
' Geochemical amalyses are usually conducted on _80 mesh fraction,

C e wel-

This size fraction includes not only primary ursnive and sulphide grains
. but also all the phase described above. In order to properly evaluate
" sedimentary geochemical data, it 15 important to distinguish the phases
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in which metals are goncentrated, e.g. see Hawkes and hebb, 1962/_;
'Y .
Levinson, 1974; Alley and Slatt, 1975,

Analytical procedure

The samples were split in half, with one half of the sample kept
for reference and the ot_.hér’phced in a porcelain dish and left in an
oven at 80°C ov'ernig'ht. The dry samples were sieved and geochemical
analyses were conducted on the -80 mesh fractions.

" Fluorimetry provides the most sensitive method for uranium
analysis (Smith and Lynch, 1969). Concentration of Cu was determined by
Atomic Absorption Spectrophotametry after partial digestion of samples for

1 1/2 hours in 2 hot solution of 10 m) lléa and 1 ml1 16K HC] (see Table in
; appendix I111). In ition, splits of the 184 samples analysed in our
laboratory for Cu, were analysed by Atlantic Analytical Servﬁ:es
(Springdne. Newfoundland) usin§ the same nthod

TaMe. XXXV shows the results of the chemical analyses. Fig

S6  show the correlation between U and Cu and Cu duplicate lf\‘ly“s.
It is noteworthy that Cu and U sre not sutually related in the lake
sedimnts, fn other words thars is no areal correspondence between U and
Cu enriched 2zones. The results from the ;u duplicate analyses are
gmerm_lv comparable although ours are consistently slightly lower.

Metals fn silicate structures would not be leached by the
digestion tachnique empioyed. ‘ '

. Twenty three samples covering the spectrum of U and Cu analyses

,
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Figure 56. a. Correlation between U and Cu.

b. Correlation between Cu duplicate analyses.
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were analysed for carbon with a Leco Carbon analyzer and for clay uith,
Pipette analyses as described by Folk (1968). See Appendix 11I. The

P
4
.
e

) « resul{s are shown in Table XXXVI. The lack of carbonates, graphite etc..\'-
Ted to the assumption that the analysed carbon represents the organic

1' g - content of the samples. To> check the sample emr'dupugrfj,sw‘tﬂ g
:; were collected from different lbcall}jgmge aree (Fig. 57 ) S j
} and analyses forl@,;nd«tt:/?g:w?ts were similar except in the case
5 /_,ot-smﬁ—_l’%’;nd 120°, the difference of which can be attributed to
% E to the different content of organic materia) _(Fable XXXVI). Analytical

precision for U, determined on five replicates of ore sampla and six
" replicates of another, was + 25% and + 23% respéctively. Ana'ly.fﬁ_t:ﬂ
precision. fo'r'Cu determirad on 12 duplfcate splits, averaged + 328
\ of reported values. | : S .
\'- In order to evaluate the mode of uruml occurrence 8 l.plos-nro\
upanud into tht and heavy frlct‘lons with hltnbn-tham (Sp 6. N

N

2.92). The axninuion of huv_v mineral thin séctions and autoradiographs
did not indicate the existence of primary urshium inerals in the lake |
 sediment samples.

. .
ty :

- Discussion » P ' ‘

- The values were treated mmtmﬁyqunm tn three giroups:
{a) valmmginofmbbm-u SRR

¢ (5) values ranging from mean to rx threshold, wich 18 defined as m

. | maan plus rfca the standare deviation, snd-

ks ' C R
' ; ) ) ; & ;
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) . TABLE Xxxxv (Cont'd.)
5 . \ . | ]
. Sample Cu*, ppm  Cu**, ppm ™, ppm . Sample  Cu*; ppm  Cu", ppm U+, ppm )
86 5 3 0.2 128 ° 50 23 6.2 i.
87 10 3 0.9 129 12 8 3.9 !
88 15 9 0.6 130 5 1 0.2
8 10 5 1.1 131 38 24 6.7:
90 8 4 2.8 132 33 15 10.2°
. 9 15 12 1.1 133 25 v 5.6
92 18 12 1.6 134 53 42 8.5
93 18 10 1.3 135 20 .15 5.7
94 25 17 2.2 136 . 27 v 23 2.9
95 - 28 23 5.7 137 22 15 0.8 -
96 10 6 0.6 \g/ 8 5 2.0
%' . 10 9 0.7 1 18 12 30.5
97 - 18§, N 1.8 139 . 20 13 2.5
98 18 n 1.5 140 18 10 5.2
99 5 4 0.4 140' 13 8 46.3
100 50 42 1.3 143 18 6 5.0
100 35 28 6.9 142 28 15 6.4 .
102 12 &_ .8 143 18 n 1.8
103 42 - 18.6 e 20 12 1.4 . 3
104 8 1 1.6 145 73 62 2.3 | J
105 - 28 17 1.3 . 146 25 73 1.2 %
106 4o 27 2.1 147 22 7 N6 X
107 - 8 | 0.7 . 148 12 3 5.3 . -8
; j08 - 22 W 2.9 149 15 12 - 7.5 :
08 : 20 16 1.9 151 ) 18 13 5.4 . %
109 28 17 3.0 182 | 5 S 1.6
110 20 "W - 4.4 153 58 50 38.3
110° 20 11 7.8 154 . 48 85 4.0 I
I A I 20 16 7.0 158 80 52
n2 35 28 - .0 186 %0 ] 4.3
, N3 . 18 8- . 1.9 187 - 20 1 2.3 |1
£ . N4 10 6 1.2 158 30 . 28 2.6 i
4 R ) T U 10 19 1.8 159 22 18 2.4
ns - - 23 19 2.2 160 0 19 8.5
18- 80 87 1.8 161 13 10 . _ 2.2
Ny 30 18 2.2 - 162 . 48 - 38 .3
18 g8 8§ 8.6 - . 183 28 3. 10.5
ng 18 N ) 9.4 164 40 1 .Y,
120" - )8 86 3.7 184 25 1} 2.
120* . 30 ¥ 3 5.2 168 0 ‘23 3,
12) 23 1 - 1.0 165° 4 -2
122 - . 68 : l% 1.8 166 18 12 - A
123 . 20 .8 0.4 167 15 g .3
124 N .M. 34 167" 13 10 : /o.a
125 2 26 - 1.2 168 . 1’ - e 0.8
- 126- 80, - 1.9 168 20 17 /1.4
B A B - 24 g.s: : 1. . 4 . X
2 0. SRS -6 170 15 2 0.8,
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TABLE XXXV (Cont’d.)

23

Sample . Cu*, ppa Cu™*, ppm u*

N - 22
m' - 20
172 10
173 12
174 T 8
178 15
176 3
178 10
179 18
180 10
181 20
182 25
183 - 20
184 20
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TABLE XXXVl

R I A, T | e e e AT e gy e

. Color

clay

Cu

- §{1t Sand
wti wtk

Clay
. wtd

Sasple Mo,

1]
Ty

{sh

pale hrown grey

) {erl;!mo'i‘sh

gray greenish
L | [ ]
gray brown{ish

pale gray brownish

yellow white
gray greenish

qugny
gray
gray brown
pale grey
pale brown
wnite gray

- yellow brown
browh yellow
whitish

gray -
yellowish gray

. gray green

brownish

.mmmmmmwm mwmmmmmmmm 23
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(c) values ranging from the threshold up to the highest value (Hawkes
and Mebb, 1962) ”

»

Enriched 20nes were outlined based on (b) and (c) groups.

Figs. 58-59 show the histograms and the cumulative frequency per $

cent cur;ves for U and Cu values. Concentrations of the elements increase
ujth'fﬁcreasing clay content. In some cases smaller concentrations are
"associated with the clay size rather than the coarser fraction. "Plots of
trace element conciMrations/chy coni:ent vs clay content discriminate
between concentrations in both fractions and filter out the grain size
effect (Slatt and Sasseville, 1975). Plots -of Cu/clay versus clay and
U/clay versus clay (Figs. 60-61) show cfnﬂy two tnﬁds. one "background": s
trend and one "anomalous" trend. Al) the samples which constitute the
anomalous trend are located geographically in the anomalous outlined zones,
which are shown in Figs. 64-65. | |

Flgs. 62-63 show that there is no correlation between U, Cu, C
and clay; this suggests that the organic content and the clay have nao - )
effect on the elamantal concentrations of the nq:lnu and so the anomalies
represent true anomalies close to the source.’

" Fig. 66 shows the n;ulu from airborne survay, lake water geo-

.‘chuhtr"y (Meyar, 1969) and present lake sediment geochamistry for
uranium. This type of sampling has allowed me to extend previously known
"anomalies across glacial drift and hko'cw“or?d h_gruﬂi. As well, Targe
areas of individual lake drainage basins have baen shown ot to be potantial
source areas of urantim. This had not been possible on the basts of
ﬁnvioqs sirborne sﬁmys or lake \\ﬁur geochemistry. Further exploration »
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Figure 58. Histogram and cumulative frequency per cent curve
for U values.
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Figure 60. Plot of U/clay vs clay, wt.% of the nearshore 1ake
sediments (see text).
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Figure 62, Variations in uranium concentrations with total carbon and

clay contents of the -80 mesh fraction of nearshore lake
sediment samples.
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Figure 63. Variations in copper concentrations with total carbon and

clay contents of the -80 mesh fraction of nearshore 1 ake
sediment samples.
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Figure 66. Airborne uranium anomalies and uranium concentrations in lake water., Dashes
outline uranium-enriched zones determined by uranium concentrations in nearshore
lake sediments.



is warranted in the zones I have outlined. In genera) there is coincidence

among the outlined zones 2y iaeis suggested that detatled nearshore lake

sediment sampling in rugged terrain, where mineralization is not exposed,

is a suitable means for accurate outlining of anomalous zones.
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CHAPTER V

SUMMARY AND EXPLORATION APPLICATION

5.1 Summary

(1)

(2)

(4)

(S)

(6)

(7)

The following is a brief summary of the findings of this study:
The investigated uranium deposits have a stratiform shape and

the uranium mineralization has been affected by more than a

~
-

single event.
Rb/Sr plots suggest that the original protolith for some of

them was not an igneoys rock, e.g. Michelin, M. Ben. The

“same ‘plots suggest an igneous protolith of some others, e.g.

Rajnbow, Nash.

The Kitts Pomd and Long Island uranium deposits répresent
oblack sﬁa]e type urqniqm deposits”.

Davidite is possibly the primary uraniuh mineral in Michelin
and MclLean uranium deposits.

Opaque submicroscopic inclustons of unknown composttion within

Aandraqfte and quartz and feldspar grains constitqte the uranium o

mineral in M. Ben and Rainbow deposits respectively.
Dark lenses of bituminous matertal are the uranium carriers in

Kitts and Long Island deposits.

High uranium content s associated with high magnetite content

in the Witch Lake deposit,
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5.2 Exploration Application - ' .

on the basis of the findings of this study, further detailed

geochemica1-geo1ogi;al-stud1es appear justified to. outline areas of

Q

potenttal mineraltization.

A1l results obtained from different uranium exploration

techniques should be interpreted in conjunction with the glacial

geology.

\
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FIELD, LABORATORY AND STATISTICAL METHODS.

Sample Collection and ?wation

Most .samples were collected from the) strongly mineralized areas,
Samples collected for analysis were washed, logged and put 1\nto clean
sample bagé prior t'o crushing. Al) samples were crushed according to
the following procedure: .
1) Each sample was broken into chips using a small sledge hammer on
an jron thick'b:nrd. A slab was saved for thin sectfon.
2) A c]ean‘repnesentative sample of chips was crushed to 1-2 am-or
smalley pieces in a Denver steel jaw crusher,

3) A representative sample of these pieces was crushed in a tungsten

i

carbide Siebtechnik swing mil) for three minuteés producing a rock

~
-ar

S NN

powder of -100 mesh, as determined by random sieving checks.

Analytical procedures

Estimation of Mode. Modal analyses were carried out on a point-
counter. A total of 3000 counts were made on two thin sections from
each showing: One thin section from the low mineratized rock and ‘one

thin section from the high mineralized rock,

Trace element analyses. Zirconium, strontium, rubidtum, zinc, copper

L4

barfum, niobium, nickel and chromium were determined on pressed powder

discs using a Philips 1220-C Automatic X-ray fluorescence spectrameter.
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The sample discs were prepared in the following manner:

1) 1.5 g of rock powder was thoroughly mixed with two to three drops
of N-30-88 Mowiol binding agent until the colour was uniform.

2) Ustng a.borié acid backing, this powder was pressed fnto a disc
for one minutg at 15 tons per square inch.

The simp]es of Michelin, Rainbow and Witch Lake uranium showings
were analysed for U and Th in TAEA laboratory at Seibersdorf by DGS,
X-ray fluorescence (XRF), Neutron Activation Analysis (NAA) and
fluorimetry, as appropriate. Differential gamma spectrometry (0GS)
compensates for th; d!sequilibrium of daughter products with the
uranfum (Adams and Gasparini, 1970). 1n addition all except those
éonta1ning less than 0.01% U were analysed by XRF. Where the two
methods produce sim{1ar results, no further work was done and the mean
reported. Where the difference was probably significant, an additionaf

measurement was made by NAA and the mean of all tﬁree measurements

ﬁeported. Fluorimetry was only used to spot-check a few of the samples

with Tow uranium concentrations {(Otto Suschny, IAEA, personal communication).
The salgles from a1l the other showings were analysed for U with

fluorimetry.

Statistical procedures and methods of data presentation.

Upon completion of the analytical program, the trace element

P R TR ﬁ(mv‘&‘.‘" o

results were punched on computer cards according to the format shown | ’

2 2 Y
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below. Means, standard deviation and 95% confidence interval for Mean

were calculated for al) elements in each deposit. A standard statistical

program was then employed to plot trace element variation diagrams in

each uranium deposit using a Hewlett-Packard Madel 20 desk computer-

plotter.
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Special Equipment

Fluorimetry dishes: Platinum, approximately 18 mm wide and 3 mm

deep. When not in use they should be
stored in a glass beaker under distilled

water,

For measuring 0.10 m1 and 0.20 ml aliquots;
2 100 41 and a 200 ) microchemical pipet

equirped with syringe attachment.

Aluminum tray: o 51/2 in. X 3 1/2 in. X 5/32 1in.; containing
24 holes (6 rows of 4 each) each 5/8 in. in

diameter.

Rotating prepane burner (Modified Fletcher

radial burner).

Shaker: Special shuker for mixing the solutions.

Hood: A standard fume hood 11neq above the fire.

Fluorimeter: Jarre))-Ash Galvanek-norrison Fluorimeter,

(8

Reagents

Aluminum nitrate salting solutfon: Transfer 5 1b. of reagent grade

~

aluminum nitrate, having a low uranium

content, to a 4 l1iter beaker. Add 1150 mi




H,0, cover, place the beaker on a combined

2
hot plate and magnetic stirrer, and heat,

with stirring, until solution is complete.

Adjust the concentration by evaporation or
dilution to give a solution which boils

at 130°C and transfer to a round bottom

flask. The solution should be kept

saturated

Ethy) Acetate

-

98% Naf, 2% LiF = prepared pellets, each

Solium fluoride pellets:

containing 0.588 g NaF and 0.012 Lif, can

be obtained. Those supplded by:

"Analotd"
Ridsdale and Co. Ltd.
Middlesbrough, £ngland

Standard uranium solutions

Weigh 210 mg of uranyl nitrate (UOZ(N03)2'6H20 into a 100 al

“volumetric flask. Add approximately 25 ml of 4N nitric acid and dissolve

the uranyl nitrate. Oflute to the mark with 4N nitric acid and mix well,

This solution should be prepared every two weeks since vranium salts tend

to prectpitate. This soluiion contains 1000 p g/m) uranium. From this

solution prepare a standard solution containing 0.1 " g/ml by dilution in

N4

e

the following steps:
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Standard used Aliquot taken Diluted to* New Standard**

1000 wg/ml (1000 ppm) 10 m 100 ml 100 wg/ml (100 ppm)
100 pg/ml ( 100 ppm) " 10 ml 100 ml 10 pg/ml (10 ppm)
10 wg/ml {10 ppm) 10 ml 100 ml A+ L g/m (1 ppm).

1 ug/mb (1 ppm) 10 m} 100 m) ***0.1 ng/m (0.1 ppm)
. ¢
Place 12 test tubes into rack and add standard solution
1. 0.25 ml of stock 10 ppm standard solutfon T
2. 05 m " " o “ "
3. 0.75m " . "o " " F> Duplicate standards
4, 1.00m " v v " -
5. 1.50 m¥ * " "o " " .
6. Blank , 1

Add 5 ml of saturated alumfnym nitrate plus 5 ml of ethyl .acetate.

Shake for 20 min. in shaker. Llet settle for 5 min. After 5 min. two

layers are formed in the tuﬂe: One layer of aluminum nitrate (lower layer)

and one layer of ethyl acetate (upper layer). Uranium is concentrated in

the upper layer (ethyl acetate). :
Put one sodium fluoride pellet into each platinum dish.

Pipette 0.2 ml of standard solution (from the upper layer of the solution)

in the platinum dfsh on the top of the pellet.

Evaporate to complete dryness on a hot plate.

*Dilute with 4 N HNO
«*Make the solutions ;resh1y, twice weekly
***Prepare these standards only if {t is necessary to increase the range of
standards.
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Transfer platinum dishes on the.burner and fuse 90 seconds after the
pellet has been melted. Total fusion time 3 minutes.
Samples are cooled in a dessicator for twenty minutes, and the fluor-

escence read on the fluorimeter.

Preparation of Standard Curve

}. Having calibrated the fluorimeter by using the “blank" and the
highest standard, proceed to read the standard discs. Reread the blank
and the highest standard and adjust the instrument to correct for :any

drift that might have occurred,

2. Prepare a graph of scale reading as ordinate pgainst the uranium
standards as abscissa, the points of which should fall on a straight
line (use arithmetic scale). Draw 1ines at 5 per cent above and below
the first line. Reject those standards which do not fall within these
5 per cent 1imits. If more than two standards fall outside the + 5 per

cent range, repeat the entire set.

RN

Calibration of the fluorimeter

1. . Tum the "sensitivity” switch fully counter-clockwise.

2. Switch the instrument power switeh to “on™ and allow 20-30 minutes
warm up time. »

3. . Insert the highest standard (containing 1.5 m}) 1In the dual-flux

sample dish and push the slide into the reading position.

v,
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Increase the sensitivity control (usually to step 5 or 6) while

depressing the 0.1 scale key unti) the meter reads approximately

Pull the sample sUde out to the loading position and rotate the

Push empty sl ide into the reading position. Depress the highest

correct and no change occurs. This should be done at least three

When .the sample slide 1s pushed in, the lowest sensitivity scale

with the highest valued key going from right to left. This is "

done to prevent the meter from betng damaged by a high concentration

!

¢

weigh ! gm portion of pulverized sample into a 100 ml glass beaker.

4,
mid-scale.
5. Set the meter to read 60 by adjusting the "Fine Volts" control.
6.
“2ero" adjusting knob until the meter reads zero.
7.
sensitivity key (0.01) and adjust the locknut contro) marked
"Background™ untfl e meter reads zero.
8, Repeat steps 5, 6 and 7 alternately until the readings are
times. The fnstrument 1s not set up to read unknown samples.
9,
1s automatically switched in. Operate the scale keys, starting
sample.
Urantum determination in core and rock samples
1.
2, Digest with 20 m1 of concentrated moa ptus 30 ml of distilled
Hzo for 2 hours on hot plate at mediwn heat.
3.

Add 50 ml H,0 and bafl gently for 30 minutes.

/ P
<
P




Remove from plate and cool, then pour contents into 2 100 m

volumetric flask. Wash beaker and funne) well with H,0. Fill

flask to mark, stopper and shake well.

Let settle ovem1§ht

Pipette exactly 1 ml of solution into a test tube. Add 5 m! of
aluminum nitrate solution, plus 5 ml of ethy]l acetate. Stopper
test tube and shake in shaker for 20 min,

Remove from shaker and 1e"g settle for 5 min. After 5 min. two
layers are formed in the test tube: One layer of aluminum
nitrate (lower layer) and one layer of ethyl acetate (upper.
layer}. Uranium is concentrated {n the upper layer (ethy!
acetate),

Wash acid off platinuem dish with water, Place dish in drying pan.
Add fusion pellet (sodium fluoride-lithium fluoride 98:2).
Transfer by use of a 200 4 ) automatic micropipet, 0.2 ml of
sample from the upper layer of the solutién (ethyl acetate) into
the platinum dish, Evaporate to complete dryness on a hot plate.
w+* yhen the sample has an exceptionally high uranium cbntent,
i.e. when the needle in the dial of the fluorimeter 1s off the
scale then transfer 0.1 ml of sample apd mltiply the calculated
uranfunr value times 2,

Remove fran‘ pan and fuse on the burner. Pellets should fuse in
1 172 min, Total fusion time {s 3 min. -

Let platinum dish ;d contents cool, transfer to aluminum tray

and into the dessicator and leave them there for 20 min.




Place in instrument room for reading of results.

Catculations:

av. unknown reading - blank X Factor X 1.1792 = % U;0,
av. standard reading - blank

The factor is calculated 3s follows:

Sample: 1l gm —— > 100 ml = .01 gn/ml

1 m} ——— 5 ml acetate = 0.002 gn/m!

0.2 alfquot = 0:0004 gm/m)
Standard: 1.5 m of 10 ppm — —-—-> 5 ml acetate = 3 ppm U
0.2 ml atiquot = 0.4 ppm

0.4

: = 1000
0.0004

av. unknown reading - blank
" av. standard reading - blank

Conversion factors

(3

Depending on the range of uranium content of the samples, standards and

calcuhtions' should be done as appropriate. The method described above
\/
was developed by Sydney Abbey of the Geological Survey of Canada, and

'uas modified by the Atlantic Aralytical Services, Springdale, Newfoundland.
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Fusion technique (Step 11, page 204)

1.

Remove platinum dishes from pan (or hot plate) and place them in
order on the platinum holders in the burner.

Turn on the I\n‘otbr; of the burner in medium speed so that the dishes
will start rotating above the b‘umers.

Turn on gas and light the fire; at the same time start measuring
the time .(total fusion time 3 minutes). At the end of the second
minute make sure that the pellets have been fused.

At the end of the third minute turn off the gas and after one
minyte the motor.

When the dishes are cocled transfer to aluminum tray, always in
order and place in dessicator for twenty minutes.

Take out aluminum tray and using a tweezer tip over the platinum

\
dishes, put the pellets in the fluorimeter an\'\l measure fluorescence.
\

/.

Percautions

Two Sylvania b1;ck 1{ght blue type 360 fluorescent lamps are

sued to provide U\} light. These lamps should provide uniform . }
1ight intensity for five to six mnth; under normal use. Under
everyday use where the instrument 1s left on at all times, 1t s
recommended that these lamps be changed every six weeks, = - 4
Care must be taken to assure cleanliness of the platinum ware for -

two reasons: Firstly, platinum is an expensive commodity which

can be lost through misuse. Secondly, contamination, particularly
~\
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by quenching elements, can be carried from sample to sample on

the platinum dishes. After each use dishes should be soaked in
1:1 KC1, rinsed with tap water, then with metal-free water, .
Stains which are not removed in this way may be eliminated by
heating the platinum dishes from 3@1\. '1n the burner. Also
stains which are not removed in this way may be elfiminated by
fusing 3 g of potasstum pyrosulphate in the dish fononl by
cleaning with HC) as above.

Attention must be paid to spurious fluorescence from other
materials in the laboratory. Dust, paper and cloth lint, and
vaseline are among common materfals which fluoresce strongly
ur;der UV light., Care must be taken to keep such materials away
from the sample receptacle of the fluorimeter. Similarly chips
from the f1ux'discs must be cleaned out of the fluorimeter sample °
slide frequently,

The background readings on dlank flux discs may increase with time,.
This may be due to contaminants sentioned in 3 above. ft may also
be due to scratches on the black coating of the sample receptacle,
caused during lt;ading and unloading of the sample dfscs with
tweezers. Should this occur-the coating must be reneue(d.

On long-continued heating, platinum becomes gray as a result of
recrystallization, which begins at the surface, i1f allowed to
continve, the dish may eventually develop cracks; the deterfora-

tion can be étopped by burnishing the matal with quartz sand.

=
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his treatment may well be repeated

In the case of a dish, t

after ever five or six ignttions.
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PIPETTE ANALYSIS

The common method of grain size analysis of mud (finer than 4 @
fraction) 1s the _pipette method.

The principle of pipette analysis 1s based on Stokes Law of
Settling Velocity. Particles in a solution of known téuperature,

viscosity, and density will settle through the column at 9'constant

velocity which 1s a function of grain size (for the purpose /of sta,ndand-
fzation 1t is assumed that particles are spherical-shaped- ,-}an erroneous
but necessary assumption). Large particles settle faster than smaller
particles. By calculating settling velocities for particles of known
diameter it is possible to determine how long it will take for particles
of a gfven size to travel a given distance through a column of solution.

Therefore it is possible to collect, with a pipatte, selected size

fractions, as they u.tﬂle through the column. By deterwining the weight

of each size fraction the grain size d1str1bution.is determined.

1. The Yake sediment samples contained gravel (pebble and grsnule),
sand and mud. Geochemtcal analyses were conducted on -80 mesh
fraction., It was m&sury to separate this fraction from the
rest of the sample.

2. The dry sample was placed in the -80 mesh sieve and was sieved
on the vibrator for 25 minutes. The coarser fraction which was
retained on screen was discarded.

3. A appropriate amount of the -80 mesh of each one sasple was

‘ placed in 4L beakers and .covered with 15% nzoz to resove organic

.
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matter and disaggregate mud. The beakers were covered with‘a
watch glass, placed in heated water bath until efferveseace
ceased (2 hours).

Using cold water, the samples were wet sieved through stafnless
steel 4 @ (.063 mm) screen. Sand was retained on the screen
and mud in a plastic ‘washpan. The wet steving was continued
until water flowed clear through the screen, All of the mud
was poured back into rinsed beakers and a capful of IN HgClz
was added, This helped the floculation of mud. The beakers
were covered and stored for 4 days.

Using a squirt bottle, the sand was washed from the s-ieve into
evaporating dishes. The sand was let to settle, the water was
decanted and the evaporating dishes were put into the oven in

order to dry the sand.

 After 4 d(ys' most of the water was siphoned off from the 4L

beakers,

500 ml1 of 10 gm/L Calgon was added to a labelled squirt bottle.
Using the squirt bottle, each one sample was transferred to a
malt mixer and filled to 2/3 with the Calgon solution. -
Each sample was dispersed for 10 minutes on the malt mixer,
Each sample was transferred from the malt mixer to a 1 L cylinder
using the squirt bottle. The remafnder of the 500 ml of 19 gm/L

Caigon solution-was podured {nto the cylinder, There was 500 m!

of Calgon solution in the cylinder.

P
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The cylinder was brought to volume with distilled water. The
concentration of Calgon solution in the cylinder was now 5 gm/L
(500 m1 water plus 500 ml 10 gm/L Calgon solution).

Forty six beakers were weighed to three decimal places.

Twenfy three beakers were used for the 4 P fraction (silt + clay)

and 23 for the 8 P fraction (clay).

Withdrawl times and depths for the water temperature were given

* % on R R s oy

in the sedimentology Labaratory.

The sample st stirred for 1 minute with a stdr\-r1n'g rod. The
end of 1 minute 15 equal to T - 0 and all withdrawls were made
at times determined from this base.

Each 20 m} pipette fraction was placed irto a labelled pre-
weighed beaker, After emptying a pipette it was washed bith

20 ml distilled water and added to the fraction in the beaker,
Beakers were blaced in the drying oven in order to get dried
overnight. T
When dry, 'each beaker was/;ﬂghed and taking into consideration

that
Silt+ clay (D> 4P )

-clay (>88)
si1t 4-8 P

& caleulations were made as appropriate.

[P S S S
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APPENDIX
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" AUTORAD I OGRAPRY

The method described here was developed by Robinson (1955). The
thin sections were made without a cover glass and with al) the (anada
balsam removed from the expased surface of the rock slice. In order to.
facilitate orientation of the thin section on the autoradiograph, two
or three single grains of uraninite (or other radioactive substance)
were cemented in the Canada balsam argund the rock slice and grouﬁd down
with tne rock slice.

For exposure, the rock surface was placed against the emulsion -
side of the plate or film and held there under 11ght pressure. The
mount was then put away in total darkness for exposure. Time of exposure
depends on the radioactivity of the minerals in the rock. It has been
suggested (Robinson, 1955) that for uraninite, an exposure of 3 days
is ample, but for weakly radioactive minerals, exposures of up to a‘
month in duration, may be necessary.

Areas of alpha tracks from the uraninite grains will be clearly
visible to the unatded eye and by means of these, the thin section may
be roughly oriented and held in position, back to back, on the auto-
rad1ograph._by rubber cement. With the mount lylng on the microscope
stage, rock slice-dom, emulsion side up, the thin section was precisely
oriented on the autoradiograph under a Jaw-power objective, before the

cement sets,

The mount was studied under a medium-power objective such that




- 216 -

the alpha tracks are out of focus when the microscope was focussed on

the rock slice and vice versa.
It was best to set the focus on one of the dense patches of

tracks from tne draninite and then traverse the mount to look for the

weaker centres of tracks. When these are found, it was only necessary

to focus down to the rock slice in order to identify the mineral that

has caused them 1€ the mineral is opaque, it is often possible to

A

dig enough of it out of the section with a needle, to be mounted on a

glass fibre coated with vaseline, for determination by X-ray diffraction.

|
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