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SUMMARY AND CONCLUSIONS

. The need of our society for metals, non-metallic minerals, and coal are fulfilled only by continuous

exploration and discovery.

. The Geological Division's basic objectives are to provide accurate and current information on the

quality and distribution of mineral and coal resources of the Province for government and industry, to pro-

vide maps and other data, ideas, and interpretations useful in the search for deposits, and to assist in the

orderly exploration, development, and use of these resources.

. Early stages of exploration are not normally designed for the search of a single mineral commodity

nor are they readily monitored. A system has been developed by the Geological Division whereby a small

number of geologists can monitor exploration on claims and provide systematic reports on exploration

effort.

. Cordilleran British Columbia consists of five sub-parallelbelts of similar geology which from west to

east are called the Insular, Coast Crystalline, Intermontane, Omineca, and Eastern MarginalBelts.

. The distribution of metals in background amounts in rocks and in mineral deposits shows a zoning

across these belts. Uranium background increasestoward the Eastern MarginalBelt.

. The level of uranium in rocks is rarely high enough to form ore unless a second-stage geological
processof concentration has occurred.

. The first uranium exploration in British Columbia recorded was in 1932. Since then exploration has

been sporadic, with minor peaks during the late 1940's, mid 1950's, and late 1960's. During this period only

one deposit was found of sufficient size and grade to be a potential mine, and British Columbia was con-

sidered by most geologists to be a mediocre terrain for uranium exploration.

. In the last 10 years exploration for uranium slowly increased as a result of the following:

(a) realization that basal type deposits existed in the East Okanagan area;

(b) greatly increased world demand and resultant higher prices for uranium;

(c) regional geochemical surveys.

. Many classes of uranium deposits are known in the world and representatives of most of these occur

in British Columbia. However, to date only the basal type and volcanogenic type have been shown to be

potentially of such a size and grade to be mined.

. Basal type deposits are ones formed in young sands and gravels of former stream channels which nor-

mally contain carbonaceous trash and are capped by plateau basalt flows that preserve them. The uranium

has been leached from local high background granites or alkaline volcanic rocks, transported by surface and

groundwaters, and deposited where reducing conditions were encountered. Basal type deposits of signifi-

cance include the Blizzard, Fuki and Donen, Haynes lake (PB). and Hydraulic lake deposits, all in the East

Okanagan Highlands.
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. Volcanogenic deposits are formed during some volcanic eruptions and are bedded with the resulting

volcanic flows or pyroclastic rocks. Only very alkaline volcanic rocks would have the potential to form

uranium deposits in this manner. The only volcanogenic deposit of significance is the Rexspar deposit near

Birch Island.

. To carry out its mandate to provide data to aid exploration, the Geological Division has engaged in

multi-element regional geochemical reconnaissance surveys since 1975. About 20 per cent of Cordilleran

British Columbia will have been surveyed at the end of 1979 by these stream silt and water surveys. They

have been successful in:

(a) stimulating exploration;

(b) adding rigour to resource analysis;

(c) providing environmental baseline data on the distribution of 14 heavy metals.

. Some natural waters discovered during the regional geochemical surveys to be anomalous in their

uranium content and which are used for domestic purposes are being monitored on a monthly basis to study
their variations and total effects.

Conclusions

A. Early stages of exploration are seldom directed at a singlecommodity. These stagesare neither environ-

mentally damaging nor are they readily monitored because an element of secrecy is necessary in a com-

petitive system.

B. 1. The average uranium content of upper continental crust is exceeded in wide areas of the Province,

especially in granitic terrains. In general, granites of eastern British Columbia are more radiogenic in

uranium, thorium, and potassium than those of the west.

2. Uranium deposits of basal tYpe are moderately common in the East Okanagan area and some are of

such a size and grade they could be mined. Similar deposits have not been proven to exist elsewhere,

but it is likely that they do.

J. Volcanogenic uranium depQsits are a relatively rare type world wide, but the occurrence of one that

is potentially mineable and the fairly widespread distribution of alkaline volcanic rocks in the

Province indicate others may be found.

4. A potential exists for other types of mineable uranium deposits in the Province.
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I. INTRODUCTION

1.1 Role and Responsibilityof the GeologicalDivision

Metals, non-metallic minerals, and coal are non-renewable judged by the scale of man's lifetime.

The supply of these commodities for our own use and export is fulfilled only by continuous

exploration and discovery.

Modern mineral exploration is dependent on the quality and extent of the geoscientific data

base. This term is generally taken to mean the available information from basic surveys, system-

atic information on mineral deposits, land status data, assessment reports, drill core libraries, and

miscellaneous sources. Exploration in terrains that do not have an adequate data base is restricted

in many ways. It may be confined to undirected prospecting or require initial expenditure on

regional surveys which in many instances inefficiently duplicate preparation of the necessary

background information. The need for a superior data base increases proportionately as the

frequency of discovery of deposits that outcrop decreases. The primary role of compiling the

data base falls upon government by new work and by collection and compilation of the work of

others.

In British Columbia the work of assembling and augmenting the data base is largely the responsi-

bility of the Geological Division, one of the four Divisions of the Mineral Resources Branch of

the Ministry of Energy, Mines and Petroleum Resources.

The Ministry, which in addition to the Mineral Resources Branch has a Petroleum Resources

Branch and an Energy Resources Branch, is authorized by the Ministry of Mines and Petroleum

Resources Act to carry on its work. Authority for the work of the Geological Division is found

principally in sections 6 (a), 6 (b) and 9 to 13 inclusive of that Act.

The Geological Division's basic objectives are to provide accurate and current information on

the quantity and distribution of mineral and coal resources of the Province for government and

industry, to provide maps and other data, ideas, and interpretations useful in the search for

deposits, and to assist in the orderly exploration, development, and use of these resources. In

addition, the Division is responsible for direct aid to the exploration industry through prospector

training and mineral exploration incentive grants.

1.2 Organization

To carry out its objectives the Division is organized into four sections: Project Geology, Applied

Geology, Resource Data and Analysis, and Analytical Laboratory (see Table 1.1, Organization

Chart). The Division has a permanent staff of 55: 29 geoscientists, 6 chemists, 12 technicians,

9
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N. C. Carter
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APPLIED GEOLOGY
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Prospectors Assistance

A. F. Shepherd G.4
G. Dickson O.A.2
J. Novak Lbr.1
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District Geologists
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G. G. Addie G.3

PrinceGeorge
G. H. Klein G.3

CharlieLake
R. Karst G.2
G. V. White Eng.Asst.
M. Parlee O.A.2

Fernie
D. A. Grieve G.2
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and 8 clerks. This staff is augmented in summer by about 20 geological assistants. Of the

professional staff 16 have Ph.D.'s and 6 have Master's; in addition, 23 are professional engineers.

Project Geology is concerned principally with detailed geological mapping and related research

in terrains with mineral or coal potential. The projects are designed to solve problems related

to resources and normally involvemapping at 1:50 000 or more detailed scales. The section is

also responsiblefor the RegionalGeochemicalSurveys (seeSection VI).

Applied Geology has duties that include aid in the field to exploration personnel and pros-

pectors, monitoring of exploration and geological developments at producing mines, coal core

storage and study, prospector training, and control of incentive grants to prospectors and to ex-

ploration companies. District Geologists located in Kamloops, Nelson, Prince George, Smithers,

Charlie Lake, and Fernie carry out all these technical duties and in addition are involved in

integrated resource management committees which provide information to the public.

Resource Data and Analysis is responsible for the collection, compilation, interpretation, and

distribution of exploration and development data gathered from various sources (see 1.3).

Most of the information is readily available after requisite confidential periods, normally one to

three years. The major sources of information are: MINFILE, a shallow computer file of over

8000 mineral occurrences; assessment report file consisting of over 7000 microfilmed reports

available at reader/printers in Vancouver or Victoria; 'property' files of historic maps and data of

producers and prospects recovered from many sources and filed by NTS system; and industrial

minerals reference files. In addition, a computerized coal data file is being constructed under

contract jointly with the Geological Survey of Canada, and a computer file of statistics on pro-

ducing mines and major prospects is underway. The annual volume, Exploration in British

Columbia, is produced by the section coincident with its update of MINFILE.

In addition, the section administers the Portable Assessment Credit account, produces map

compilations, mineral potential evaluation studies related to land-use conflicts, and advises on

regulations. Field-oriented studies related to industrial minerals and structural materials are

also handled by this section.

The Analytical Laboratory is responsible for a complete range of analytical services for the

Divisiongeologistsand grantee prospectors as well as some servicesto other government agencies.

The facilities include X-ray fluorescence, atomic absorption and emission spectrography, X-ray

diffraction, gamma ray spectrometry, and mineral separation. Capability in traditional wet

analytical chemistry still exists. Instrument output is fully compute'rized. The laboratory

also runs control samples and handles the chemical data for the British Columbia geochemical
surveys.
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TABLE 1.2.SAMPLE MINFILE PRINTOUT

NAME(S)= RONDAH
DUCK
DOREL

N.T.S.= 093N14W
LAT= 55.55 (DEG.MIN)
LONG= 125.16

CAPSULE GEOLOGICAL COMMENT=
Pyrite, chalcopyrite and minor bornite occur
disseminated and in fractures within feldspathized
Omineca monzonite intrusives.

COMMODITIES PRESENT= CU MO AU

PUBLISHED RESERVES DATA
ZO~E= DUCK LAKE RhONDA - TOTAL D
DATE 04NOV71

UTMZ= IOU
UTMN= CS6199700
UTME= CS0357600
LOCATION ACCURACY= 1

CLASSIFICATION= MEASURED GEOLOGICAL QUANTITY= 9072000 TONNES
CU 0.7 PC

BIBLIOGRAPHY
BCDM MMAR 1949-98, 1951-118
BCDM GEM 1970-185, 1971-213, 1972-455
BCDM ASS RPT 532, 73, 378, 384, 430, 513, 3861
BCDM PREL MAP 9 #2
GSC MEM 252
GSC KI\.P907A
GCNL NOV 4,1971 RES



1.3 Methods of Collecting,Assembling,and Disseminating Exploration Data

Resource Data and Analysis Section has primary responsibility for these functions but in co-

operation with Applied and Project Geology, and Inspection and Engineering and Titles Div-

isions. General appraisal of exploration activity is done by District Geologists who assemble

data from Forms 10-11 (see below), and from discussions with company personnel and pros-

pectors and from extensive property visits. Monthly reports on activity are submitted to Victoria

and these are used as a check against Forms 10-11 and as a source of deeper information for the

yearly publication, Exploration in British Columbia. Project geologists.during the course of field

mapping, also examine and report on exploration properties in their project areas. Commonly

these reports are very detailed but coverage in anyone year may be limited by exigencies of

project distribution. In some instances a project is in effect a commodity study, in which case a

systematic review of the geology in the field of occurrences of the commodity may be made over

a period of one or more years.

The most systematic data on current exploration is assembledby the Resource Data and Analysis

Section in the following manner. The Mines Regulation Act requires an explorer to submit in

advance a Form 10-11, Notice of Work on a Mineral Property. This is received by District

Inspectors of Mines and distributed to other government ministries and to RDA. After the

calendar year these forms are used to build uP. in a preliminary way, the data on exploration for

the year. Partially completed data sheets are sent to the owner/operator to finish and return.

They are reviewed when submitted, checked against other sources such as District Geologists'

monthly reports, reports in the trade literature, and assessmentreports. All this data is compiled,

analysed, and issued yearly as Exploration in British Columbia, which usually is published near

the middle of the year following that in which the work is done.

The RDA maintains a data base on all known mineral occurrences in the Province. This com-

puterized file consists of over 8 000 deposits. The data are updated yearly as a result of input to

the volume Exploration in British Columbia. The format of the individualentries is as shown on

Table 1.2. Printouts by area, by commodity or groups of commodities, by property, or by claim

names and also for properties with production or reserves are available at cost. In conjunction

with this inventory is a series of 90 inventory maps covering the Province, mostly at 1:250 000
scale and showing the location of mineral occurrences.

Reports, frequently in great detail, submitted under the Mineral Act in lieu of assessmentwork

are another major source of information. These reports document geological, geophysical, and

geochemical surveys, and drilling or prospecting, carried out by companies or individuals to

maintain mineral claims in good standing. Approximately 7 200 of these reports are on file and

available for reading or duplication from microfiche. About 500 are received each year. They
are confidential for one year from the date of submission.

Various indexes are available to access all this information.
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11. SUMMARY OF GEOLOGY AND METALLOGENY OF BRITISH COLUMBIA

Many extended accounts of the geology and metallogeny of British Columbia exist (see References,

Section 11). The following grossly simplified account is given so that the natural distribution of
uranium can be better understood.

2.1 GeologicalFramework

British Columbia, west of the Great Plains, is largely a mountainous terrain that forms part of

the North American Cordillera. In British Columbia this terrain consists of two parallelorogens,

that is, linear belts that have been subject to mountain building. These are the Columbia orogen

on the eastern or continental side and the Pacificorogen on the west or oceanic side. The orogens

contain two culminating zones of deformation, metamorphism, and intrusion in their cores

called the Omineca Belt on the east and the Coast Crystalline Belt on the west. These core

zones are separated by a central terrain characterized by plateaus and called the Intermontane

Belt. Two other parallel belts complete the Cordillera: the Eastern MarginalBelt and the Insular

Belt on the west. Hence there are, in effect, five sub-parallelbelts in Cordilleran British Columbia

from west to east: the Insular, Coast Crystalline, Intermontane, Omineca, and Eastern Marginal

(Fig. 2.1). The boundaries between these belts are fundamental zones of faults and sutures -
the continental margin, borders of core zones, and the edge of the disturbed belt with the Great

Plains.

These belts have to a considerable extent had different histories, so that each belt is built up of

rocks that are similar in age of formation and subsequent treatment but differing to some or to

a considerable degree from its neighbours. In general, the rocks of the two eastern belts were

formed as a great deltaic terrace wedge of sands, muds, and limy sediments on the western edge

of what was then the Continental Shield. These sediments were deposited over a great period of

time from 2 billion to 350 million years ago. Subsequently the rocks of the Omineca Belt have

been highly deformed and subjected to high temperatures, pressuresand partially melting at great

depths while those of the Eastern Marginal Belt have only been subjected to folding and trans-

lation eastward over the rocks of the Great Plains. In contrast, the Pacificorogen (three western

belts) consists dominantly of volcanic and related sedimentary rocks and intrusions formed

chiefly from 350 million years to about 5 million years ago. These belts have been accreted to

the continent by a number of processes related to plate tectonics. The core zone was once

probably a volcanic island arc formed during the consumption of oceanic crust under the contin-

ental margin. The volcanic rocks were later engulfed by rising intrusive granitic rocks from the

same source. The Intermontane zone is a complex one probably with remnants of volcanic

oceanic crust as well as younger volcanic and intrusive and sedimentary rocks. The Insular Belt

is dominated by 20D-million-year-oldoceanic basalts that may have formed some distance ocean-

ward but later became welded to the continent during plate motion.
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2.2 Metallogeny

Metallogeny is the study that deals with the genesis of mineral deposits particularly their relation-

ship in time and space to regional geology. An aspect of importance in metallogeny is the spatial

distribution of metals.

British Columbia shows a pronounced zoning of metals both in regard to the natural background

abundances in rocks and in distribution of mineral deposits (Sutherland Brown, 1969; Sutherland

Brown, et al., 1971). The zoning is clearly related to the geological belts and is compatible with

the concept of an accretionary origin of the Cordilleran crust.

BackgroundAbundances: Insufficientdata on abundancesin rocksof majorore metals (copper,

zinc, molybdenum, lead) are available to provide a view of regional trends. However, the volum-

inous silt and soil geochemical data have revealed patterns in backgrounds of these metals so

similar to each other that they may be taken to reflect fairly accurately the regional background

trends in rocks. A generallyeastwardly decreasinggradient exists for background copper, one of

lessereastward slope for zinc, and a westwardlydecreasingone for lead. Molybdenumrisesto a
central peak in the Intermontane Belt. This distribution has been related to a theoretical model

dependent on time and degree of mantle and crustaI processesin general, and to crustal accretion

in particular (Sutherland Brown, 1974), in which high metal abundances and concentrations

might be expected in the following order, from west to east: nickel, iron, zinc, copper, molyb-

denum, tungsten, tin, silver, mercury, lead, uranium, thorium. A similar distribution of mineral

deposits has been reported in other mountain belts such as the Chilean Andes. Theoretically we

would expect, and in fact we find, that the regional concentrations of radioactive elements,

uranium, thorium, and potassium, would increase eastward through the Intermontane Belt to

the Omineca Belt.

This overall eastward-increasing gradient is an averaged effect, and individual rock types do not

necessarily reflect it. In fact the major primary concentration of radioactive elements iswithin

granitic intrusions and in somerelated acid or alkaline volcanic flows. The processes that produce

acid igneous rocks preferentially concentrate radioactive elements. Other rocks, such as basic

igneous rocks and sedimentary rocks and particularly limestone, generally have much lower

backgrounds. The eastward gradient mentioned is most evident in the acid igneous rocks. The

Eastern MarginalBelt (Rocky Mountains) has few igneous rocks of any kind hence it is lower in

general radioactivity although the few known intrusive rocks are highly radioactive.

Rarely concentrations within granitic or acid volcanic rocks can be high enough to form ore.

In most cases these are related to internal processes within these rock masses that increasecon-

centration such as differentiation, remelting, etc. Some small pegmatite bodies have such an

originasdoes the Rexspar deposit in all probability.
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In most instances a further concentration is commonly necessary to form a uranium mineral

deposit. One of the commonest second-stage concentration processes in British Columbia is

related to surface chemical weathering in areas of high background granites, particularly where

these are readily leachable and surface or groundwaters are alkaline and oxygenated. Under

these natural conditions surface waters may transport considerable uranium in solution which

may then be deposited where chemical or physical conditions are changed. Such has been the

case in the formation of the basal type deposits of the eastern Okanagan. These have formed in

stream courses in unconsolidated sands and gravels, that commonly have been protected or had

their hydraulic conditions formed by a capping of young (5 million year) plateau basalt lava.

Another process of erosion, one related to physical weathering, can also produce concentrations

of radioactive minerals of ore grade. Areas of high background granites with resistant minerals

can have these concentrated on erosion in a manner analogous to gold placers. The Bugaboo

pyrochlore deposit is such a placer.
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Ill. HISTORY OF URANIUM EXPLORATION IN BRITISH COLUMBIA TO 1969

The history of uranium exploration in British Columbia prior to 1969 can be assembledfrom reviewof

the Annual Reports of the Ministerof Minesand Petroleum Resources.

The earliest record of investigation of radioactive minerals in British Columbia was in 1932 when an

electroscopic survey was carried out by the Universityof British Columbia on the Radium property on

Quadra Island. Carnotite was identified in seams in volcanic rocks and samples submitted to the Mines

Branch, Ottawa, assayed 27.7 per cent U30S and 28.9 per cent U30S' Whilea company was formed,
Radium Explorers, Inc., apparently very little development work wasdone.

Available records suggest that little, if any, further exploratory work for radioactive minerals wasdone

until after WorldWar 11. From that time until 1969, three periods of noteworthy activity are apparent.

These include the late 1940's, the early to mid 1950's, and the late 1960's.

The Rexspar deposit at Birch Island, originally known as the Smuggler, was first investigated in 1920

when the fluorite zone was tested. However, the exploration and development work in the 1920's

and 30's was directed to lead-silvermineralization and some ore was shipped to the Trail smelter. The

fluorite zone was further explored in 1942 but it was not until 1949 that the Rexspar Uranium and

Metals Mining Company investigated uranium mineralization and defined the three zones known

today: the A, B, and BD. Diamond drilling and 300 metres of underground work were performed
in 1950.

Many deposits explored during this period were previously discovered as precious metal veindeposits.

The Victoria gold-silver-cobalt-molybdenumproperty south of Hazelton was found to have uraninite

erratically distributed in narrow veins in granitic rocks of the Rocher Deboule stock. The Little Gem

gold-silver vein in the Bridge River area is of a similar geological setting with the vein, containing

some uraninite, developed in the Bendor pluton. Both of these properties were tested by drilling

and underground work.

Other properties investigated during this period included the Verity, Paradise, near Lempriere on the

North Thompson River, where uranium-bearing pyrochlore was found in a carbonatite contained in a

gneiss-pegmatitesequence of the Shuswap terrane.

Two copper properties, the AM on the Skagit Riverand the Copperado near Merritt, were investigated

for uranium by the British Columbia Department of Mines'geologistsusing Geigercounters.

Recognition of radioactive mineralization at the Husselbeeproperty on the west side of Atlin Lake in

1953 caused the staking of 1 000 claims in that area. Uranium and thorium valueswere found to occur

in amphibolite and metasediments marginal to granitic rocks. Conwest Exploration Company Limited
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carried out limited trenching and drilling in 1954 but the option was dropped. Other work in the area

went on north of Surprise Lake, east of Atlin, where metazeunerite was found in shears in granitic

rocks on Cracker and Ruby Creeks in 1955.

In 1955 and 1956 radioactive secondary hydrous aluminium phosphate minerals were investigated in

rhyolite dykes cutting Topley granitic rocks on Nithi Mountain south of Fraser Lake. Limited drilling

and trenching disclosed that this was a surface feature only. Uranium and thorium mineralization was

tested on the Sta-tite property on Upper Arrow Lake, and the Little Gem property was further ex-.
plored by tunnelling and drilling.

Four uranium-niobium-thorium deposits associated with nephelinesyenites and carbonatites were

explored in the mid 1950's. Further trenching went on at the Verity, Paradise showing on the North

Thompson and the Ice River alkaline complex was investigated but, being in a National Park, no

physical work was done. The Lonnie property near Manson Creek was discovered in 1953 when an

unusual 'limestone' was submitted to the Ministry for examination. Pyrochlore, columbite, and other

minerals were found to be associated with syenite and carbonatite when the claims were explored in

1954-55 by trenching. Near Spillimacheen, on Vowell and Malloy Creeks, placer deposits containing

pyrochlore, uraninite, and other relatp.d minerals were tested extensively in 1954-55 and 1956. The

minerals concentrated in this placer originated from monzonite and syenite phases of the Bugaboo

batholith. Thirty-three churn-drill holes indicated 1 million cubic metres of pyrochlore-bearing gravel

in these deposits. A concentrator was constructed in 1956 to test these deposits and from 8 187

tonnes of gravel 11 312 kilograms of concentrates was produced, having an average grade of 2.496

per cent Nb, 0.923 per cent U 0 ,and 1.294 per cent ThO .3 8 2

Radioactive occurrences were investigated 11 kilometres north of Lytton and development work at the

Rexspar property in 1957, consisting of 4 600 metres of diamond drilling, defined the three uranium

zones as containing 1.45 million tonnes of 0.08 per cent U3 08, in addition to close to 1 million tonnes
in the fluorite zone.

In the late 1960's, uraninite in Shuswap pegmatites at China Creek was explored by 460 metres of

diamond drilling. Uraniferous Tertiary sandstones, conglomerates, and arkoses were investigated in

Vidler Creek near Lumby in 1960, and geological and geophysical studies were conducted at Rexspar.

In August of 1968 geologists of the Power Reactor & Nuclear Fuel Development Corporation of Japan,

while conducting a car-borne scintillometer survey between Beaverdell and Christian Valley, discovered

autunite in poorly consolidated sediments of Late Tertiary age beneath a basalt cap .on Dear Creek.

This exposure, known as the Fuki showing, was the first recognition of Tertiary basal type uranium

deposits in British Columbia and provided the catalyst for the present era of uranium exploration

in the Province.

The experience of these years was that, at the grades and tonnage necessaryfor a viabledeposit then,

British Columbia was not an excellent terrain to explore for uranium.
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IV. RECENT URANIUM EXPLORATION, 1969-1978

Modern exploration is a staged process. An office analysis leadsnormally to the mounting of a grass-

roots exploration program consisting of a series of one or more reconnaissance surveys. While some

grassroots exploration is directed toward a single commodity, it is far more common to be looking for

a suite of minerals of geological affinity, or similar geochemical or geophysical responses such as

uranium, molybdenum, and tungsten. Any anomalous areas found during reconnaissance would be

followed up by more detailed ground search and study possibly leading to the location of claims.

Up to this stage various levelsof secrecy are an integral and necessary part of the exploration effort.

Thereafter exploration normally would be directed to a more restricted group of minerals by a se-

quence of geological mapping, soil geochemical surveys, and suitable geophysical surveys. If the

target is still potentially interesting it would be trenched and/or drilled at wide intervals. Success at

this stage would lead to closer drilling and possibly later to underground exploration. All stages of

exploration on claimsare readily monitored by the GeologicalDivisionas interest requires.

The history of uranium exploration since 1969 is recorded in individual reports in the yearly volume,

Geology, Exploration and Mining in British Columbia, published since that year.

In the period 1969 to 1975, limited exploration for uranium was concentrated principally in the

southeast Okanagan, where Power Reactor & Nuclear Fuel Development Corporation began investi-

gations of their basal type uranium occurrences on the Fuki, Donen, and PBclai~ groups. This work
consisted of geology, trenching, and drilling (see table, Appendix 4.1 * for details of exploration work).

Development drilling continued at the Rexspar deposit near Clearwater, and limited work was done on

the adjacent Bullionclaims.

In the same time period, uranium in pegmatites was investigated north of Grand Forks while explora-

tion was carried out on the Horsethief Creek granitic stock in southeast British Columbia which con.

tains some uranium with copper-molybdenum mineralization. Two properties east of Vernon, near

lumby, were also investigated. The Husselbee prospect near Atlin was re-staked and the lonnie

carbonatite prospect near Manson Creek underwent some trenching. Elsewhere in northern British

Columbia, uranium associated with coal seams in the Bowron River area was explored by drilling.

Uranium exploration experienced a dramatic upswingbeginning in 1976 in response to increasedworld

demand. Most of the activity wascentred on the southeast Okanagan where the Blizzardand Hydraulic
lake deposits were discovered (see Figs.4.1 and 4.2 for locations). These discoveriesresulted in virtu-

ally the entire Okanagan area, extending from west of Penticton to east of Vernon being staked.

Exploration in the general region reached a peak in 1977 when a number of properties were drilled,

generally with negative results (see table, Appendix 4.1). The increase in claims staking in 1977 was

also related to the release of the 1976 Uranium Reconnaissance Program survey which covered NTS
map-areas82 E, l, and M.
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Elsewhere in southern British Columbia, uranium claims were explored north of Grand Forks, west of

Midway, south of Castlegar, and in the Forster Creek area west of Radium Hot Springs.

The recognition of basal type uranium occurrences such as Blizzard and Fuki-Donen, and the know-

ledge that similar geological environments existed throughout the southern and central British Co-

lumbia Interior, led to staking of numerous mineral claims in the southern Chilcotin and south and

west of Vanderhoof. These areas are depicted on Figure 4.1 (in text) and Figure 4.2 (in pocket).

Many of these claims, particularly in the Vanderhoof area, were explored by diamond drilling (see

table, Appendix 4.1) but no significant deposits were detected.

In northwest British Columbia, the Surprise lake batholith east of Atlin was investigated by major

programs in 1977 and 1978, again partly reflecting the release of Uranium Reconnaissance Program

data.

Listed in the tables in Appendix 4.1 are details of significant exploration work done in the past 10

years on mineral claims only, based on data provided to the Division by way of yearly exploration

forms and assessment reports. locations of claims (1978) and known radioactive mineral occurrences

are shown on Figure 4.2.

Details of regional exploration programs are not readily known. An important point is that most

exploration programs are undertaken for a variety of mineral commodities, including uranium. How-

ever, airborne radiometric surveys have been carried out over many areas by many companies although

there is a general feeling they are not particularly effective in British Columbia. This was one of the

reasons the Uranium Reconnaissance Program was a geochemical program in this Province. The Geo-

logical Survey of Canada also carried out experimental regional airborne gamma-ray spectrometric

surveys in the Prince George area (Mount Averil and Giscome) in 1977 which were released on open
file in June 1978.

23



TABLE 5.1. CLASSIFICATION OF IMPORTANT URANIUM DEPOSITS

(AFTER McMILLAN)

.Additions to McMillan's classification include items

associations are those common in British Columbia.

types present and used in the original classification.

in italicized print. Boxed structural/petrographic
Underlined examples are the common 'economic'

24

Ganellc tyr.-
Slruclure' or ChareclartlUc Chareclartlllc
Palrogrephlc Eump188

01 d8po8 I Aasocl8llon Elamenll Mlnerala

Ionatile. .
uranothorianile, pyrochlore. Prairie Lake. Ont.;

IGNEOUS Nb, U, Th, Cu. betafile, perovsklte,
Nova Beaucase. Ont.;kaline syenile P, Ti, r, REE niocalite, ilmenite os de Cal as, Brazil.

apatite. zircon Verity, Ice River, B. C. .
alaskite), U, Th, Mo. REE,

uraninite, uranothorlte. Bencroft, Ont.;
METAMORPHIC molybdenlte, betallte,

karn Nb, Ti fluorite, zircon
ROsling, S.W. Africa
China Creek, B. C.

"l!:,tic Quartz Pebble
U, Th, Ti, REE, uraninite, brannerite, Elliot Lake, Ont.;

nglomerate AU,Zr,C pyrite, monazite, native Au Witwatersrand. S. Africa

DETRITAL

Itnilerous,
U, Th, Ti, Nb, uraninite, pyrochlore,

Black Sand REE magnetite. uranothorite. Bugaboo, B.C.
Placers euxemte

Volcanogenic
lrachytiC 01

U,Th, REE,Mo, uranlnite, uranothonte,
Rexspar, B.C.;.fluorite, celestite,

(hydrothermaQ Felsic Tulls Cu.F,Sr PYrite,biotile

Syngenetic e U, P, V. Cu, Co pitchblende. carbon,
{:-ls;eden;

Ph p'horlte Kilts. Labrador;
vaporltic Imestone Ni. As. Ag, C apatite, gypsum Todilto Limestone, New Mex.

Sandstone (Tabular, U, C, Cu, V, pitchblende, PYrite, Colorado Plateau;
Roll. etc.) Se. Mo collinite, carnotlle Wyoming, Texas Basins

pitchblende, marcasite, Kelowna-Beaverdell District
Epigenetic Conglomerate U.C colli""e, aut unite

Toge, Japan

HYDROGENIC

lignite U, C. Mo V Cypress Hills. Sask.;
Dakotas

IClasslcal)
U, Cu, Ag, Co, V, pitchblende, PYrite, Beaverledge, Sask.;

Syngenetic
Ni, As. Au, Mo, chalcopynte, NI'Co Port Radium, N.W.T.;
B',Se arsenldes, native Ag, Au

n;:'r'V}d:r. £.and(o
VeIRs

Epigenetic
U, C. Cu, A pItchblende. PYrite. NI'Co Wollaston. Key and

Unconformlty Co. Ni, As, , arsenides, chalcopyrite, Clull Districts, Sask.;
Se, Au. Mo native Au. Ag Midnite, Washington

Cappings U. SI, Ca. Cu. Ag. .gummite'. uranophane, Bolger, Eldorado, Sask.;
Supergene DUrlcrusts NI. As carnotite, colflnlte Po;: os de Caldas, Brazi I;

(Calcrete etc.) Yeelirrie, W. Australia



-

!..

V. GEOLOGY OF BRITISH COLUMBIA URANIUM DEPOSITS

5.1 Classification

Exhaustive study of uranium deposits in recent years related to the intensive and successful

search for new reserves has lead to many classifications (Ruzicka, 1976; McMillan,1978; Gabel-

man, 1977; Christopher and Ballantyne, 1976). Similar elements are evident in most classifica-

tions but some are very elaborate and consider all the genetic and morphological alternatives

while others are simpler, pragmatic, and related to the types with large reserves. Table 5.1 is

McMillan'sclassification which is fairly elaborate. It has been slightly modified to indicate classes

that are important in British Columbia. McMillan'scla!lsificationcalls the basal type deposits

of British Columbia and Japan, channel conglomerates. His classification has been expanded to

indicate under the detrital genetic class the uraniferous black sand and gravel placer deposits

that occur in the Bugaboo area of the East Kootenays. It has also had examples added to each

type common in British Columbia. The original table had two examples: the volcanogenic

(Rexspar) and the basal type (channel conglomerate) (Kelowna-Beaverdelldistrict). These are in

fact the principal types of uraniferous deposits that are common in the Province at grades and

economic conditions of today.

The discussion that follows treats them in order of our present knowledge of their importance:

basal, volcanogenic,pegmatite, carbonatite, placer, and vein.

The distribution of classified deposits is shown on Figure 5.1. Noteworthy on this map are the

following distributions:

(1) broad distribution of vein deposits;

(2) clustering of pegmatitic deposits on the fringe of the Shuswap terrane;

(3) known basal deposits confined to the Okanagan;

(4) common distribution of carbonatite and placer deposits either side of the Rocky Mountain

trench;

(5) relative poverty of deposits in the west and their virtual restriction to vein, shear, and

breccia deposits.

5.2 Basal Type Uranium Deposits

Recent uranium exploration in British Columbia has been oriented dominantly toward the

discovery of basal type uranium deposits that occur in poorly consolidated fluvial or lacus-

trine carbonaceous sediments. Host Tertiary sedimentary rocks are capped by an impermeable

horizon, either Pliocene or Miocene plateau basalt (4.7 Ma* and 5.0 Ma K/Art ages)or by sedi-

ments of low permeability. Organic-richsediments that occupy paleostream channels or basins

"Ma = million years.
tK/Ar = potassium/argon.
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have maintained a reducing environment that caused deposition of secondary uranium minerals

in areas of groundwater entrapment. The term 'basal type' uranium deposit is applied to these

deposits because they often occur in a basal sequence of gravel and sands overlying a major

unconformity. Unifying genetic and physical characteristics also allow classification of the

deposits as channel, stratabound, sedimentary, or groundwater type uranium deposits. Favour-

able parameters for the formation of basal type uranium deposits are:
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(1) the presence of leachable uranium in a high background granitic or volcanic terrane, for

example, Coryell syenite, Valhalla quartz monzonite, Kettle River volcanics,or Kamloops

Group volcanics in the East Okanaganuranium area;

(2) weathering or faulting provides ground preparation for oxidizing groundwater or other

leachingsolution;

(3) the presence in an aquifer of carbonaceous (reducing) stream and lake sediments that

allow trapping of groundwater solutions and formation of a reducing environment in a

normally oxidizinggroundwater system;

(4) an impermeable cap (for example, plateau basalt) that protects the deposits from erosion

and from oxidizing surface waters.
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The East Okanagan uranium area (Christopher, 1978 and Fig. 4.2, in pocket) of south central

British Columbia contains several basal type uranium deposits and occurrences (Fig. 5.2). The

Blizzard, Fuki, Donen (Cup lake), Hydraulic lake, and Haynes lake deposits are the main

deposits. Table 5.5 outlines occurrence grades and reservesof deposits as of June 1, 1979. Total

reserves of the East Okanagan uranium area amounts to about 7 000 tonnes of U 0 in the3 8
proven and reasonably assured categories. The geology and features of individual deposits are

discussed below and outlined in Table 5.2.

5.2.a BlizzardUranium Deposit
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The Blizzard uranium deposit is about 49 air kilometres southeast of Kelowna and

24 air kilometres northeast of Beaverdell in the Okanagan Plateau area of south central

British Columbia. The deposit is in NTS 82E/10W and is centred at longitude 118
degrees 55 minutes west and latitude 49 degrees37 minutes north. Accessfrom Kelowna

is via Highway33 and the Trapping Creek and lassie lake loggingroads and from Beaver-

dell via the Beaver Creek, Cup lake, and Lassie Lake forestry roads. The property is

situated at the divide between the Kettle and West Kettle Riverdrainages with local run-

off entering BeaverdellCreek, Trapping Creek, and Copperkettle Creek.
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TABLE 5.2. COMPARISON OF THE BLIZZARD, DONEN, FUKI, HAYNES LAKE, AND HYDRAULIC LAKE
BASAL TYPE URANIUM DEPOSITS

. AS 000 to 7 aOO-metr. drilling program pr...ntly in progrellshould define the reserve picture on the Fuki-Oonen propertY.
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EXPLORATION BASEMENT URANIUM IRON CARBONACEOUS

NAME NTS STAGE ROCKS MINERALS SULPHIDE MATERIAL

BLIZZARD B2E/IOW deposit outtined Nelson, Valhalla. and seleeit8. autunite, minor mercelite common to abundant

Coryoll pitchblando1

DONEN 82E/IOW . Nelson, Valhalla. and autunite common common to abundant

Coryoll

FUKI 82E/IOW .
Valhalla. Coryoll, and 8utunite common common

K8mloops Group

HAYNES LAKE 82E/11E mainly wide-spaced Monash... Valhalla. and not determined common common to abundant

82E/14E drilling Coryoll

HYDRAULIC LAKE

Ty.. Laka Rosourcos Ltd. 82E/14E deposit outlined Kettle River, Monashee, ningyo;te. gummite abundant marcasite common to abundant

PNC Exploration (Canada I
and Valhalla

Co. Ltd. B2E/14E wido-spaood drilling



General Geology: The general geology of the Blizzard property is shown on Figure

5.3. Rocks considered to be 'basement' to the Blizzarddeposit consist mainly of Nelson

and Valhalla intrusions (Little, 1957, 1960, and 1961) and dykes of a felsic, alkaline

nature (Coryel!) and olivine basalt (feeders of plateau basalts). Dykes account for about

5 per cent of the basement rocks and occur in swarms with north 20 degree west and

north 15 to 25 degree east strikes. Structurally controlled linears and the structurally

controlled channel containing the Blizzard deposit have similar orientations. The paleo-

stream channel that contains the carbonaceous sediments that host the Blizzarddeposit

is considered to have formed during Miocene (26 Ma to 7 Ma)or earliest Pliocene (7 Ma
to 2 Ma) before the extrusion of the plateau basalt cap at about 5 Ma (K/Ar whole rock

age determination). The olivine plateau basalt cap protected the channel sediments from

erosion by Pleistocene glaciers and also sealed and protected the groundwater system

from highly oxidizing surface conditions. Pleistocene glacial and glaciofluvialdeposits

represent the last major unit deposited in the area and overlyingall other units.

Mineralization: Mineralization in the Blizzard deposit consists mainly of autunite (a

hydrated phosphate of calcium and uranium) and saleeite (a hydrated phosphate of

magnesium and uranium) with unidentified black sooty, uraniferous coating that is prob-

ably pitchblende or gummite. Unlike other basal deposits, the iron sulphides marcasite

and pyrite are not common within the mineralized zones. A preliminary study of min-

eralized and unmineralized samples did not show strong correlation between clays and

mineralization or the presence of zeolites, but all mineralized specimens examined had

abundant carbonaceous trash, and reducing conditions maintained by the decay of

organic material is considered to have promoted precipitation of uranium.

Reserves for the Blizzard deposit have been reported by Norcen Energy Resources Lim-

ited as 2 100000 tonnes grading 0.226 per cent or about 4 760 tonnes of U308' Poten-
tial for additional discoveries appears to exist in the Sandrift Meadow area southeast of

the Blizzard deposit and north of the Donen deposit on the Blizzard property.

5.2.b Fuki and Donen Uranium Deposits

The Fuki-Donen property adjoins the Blizzard property to the south and the properties

have similar settings and access. The Donen (Cup lake) deposit is situated east of lassie

Lake and northwest of Cup lake about 54 air kilometres southeast of Kelowna and 23 air

kilometres northeast of Beaverdell. The deposit is centred at longitude 118 degrees 54

minutes west and latitude 49 degrees 36 minutes north. The Fuki deposit is situated near

Dear Creek about 60 air kilometres southeast of Kelownaand 18 air kilometres northeast

of Beaverdell and centred at longitude 118 degrees 53 minutes west and latitude 49

degrees 32 minutes north. The initial discovery of basal type uranium mineralization in
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British Columbia at the Fuki showing was made in August of 1968 by geologistsengaged

in a car-borne scintillometer surveyfor PNCExploration Ltd. (Japan). The Fuki showing

near Dear Creek is the only significantexposure of uranium mineralization on the Fuki-

Donen property and is exposed in a roadcut at Mile 14.3 (22.8 kilometres) on the Beaver

Creek forestry road. Gravel from this showing has been used for road metal on a short
section of the BeaverCreek road.

The Fuki-Donen property is drained by Beaverdell Creek, Dear Creek, and Copperkettle

Creek with runoff eventually entering the Kettle River system. Geochemical surveys have

shown only weak -uranium anomalies, and it is doubtful that the deposits would have

been discovered without the aid of the exposure created during road building.

General Geology: The general geology of the Fuki-Donen property is shown on Figure

5.4. Basement rocks to the Donen deposit are granitic rocks of the Nelson, Valhalla,

and Coryell intrusions. A sharp contact striking about north 60 degrees east exists

between Nelson and Valhalla rocks and the apparent pinch out of the Valhalla in the area

of the Donen deposit is based on regional trends and company diamond-drill reports.

The geology of the Fuki deposit differs from that of the Blizzard and Donen deposits in

that basement rocks to the fluvial sediments that contain the uranium mineralization are

mainly volcanic rocks of the Kamloops Group. At the Fuki showing the basement rocks

are biotite andesites and south of the showing trachytes occur along Dear Creek. The

north 20 degree east and north 20 degree west structures that control channel locations

and intrusive distribution on the Blizzard property are present at both the Fuki and

Donen deposits, and like the Blizzard deposit both the Fuki and Donen uranium deposits

occur in fluvial sediments that have been protected from erosion by plateau basalt caps.

Mineralization: Secondary uranium minerals occur as films on pebbles and in the matrix

of loosely consolidated conglomerates and carbonaceous sediments that were deposited in

paleostream channels. Autunite is the only uranium mineral that has been identified.

Extensive areas of Coryell and Valhalla intrusive rocks of high uranium background occur

topographically above and to the north of the Fuki deposit and directly below the Donen

deposit. These rock units are considered the main sources of uranium mineralization.

Preliminary reserve estimates of >500 tonnes U 0 for the Donen deposit and >1503 8

tonnes U308 for the Fuki deposit are based on drill results obtained prior to 1976. A
6000 to 7000-metre diamond-drilling program during 1979 on the Fuki and Donen

property by PNC Exploration (Canada) Co. Ltd. should establish the uranium reserves of

these properties.
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5.2.c Haynes lake Uranium Deposit (PS 81-140 Claims)

The Haynes lake deposit is near the McCullochroad and Highway33 junction about 30

air kilometressoutheastof Kelowna.The depositis in NTS82E/11E and 82E/14Eand

is centred at longitude 119 degrees 05 minutes west and latitude 49 degrees 45 minutes

north. Mineral claims, PB 81 to PB 140 covering the Haynes lake deposit area, were

located by Nissho-Iwai(Canada) Ltd. in December of 1972. A total of 31 diamond-drill

holes totalling about 2 000 metres were drilled on the property by Nissho-Iwai(Canada)

ltd. before the property was acquired by PNCExploration (Canada) Co. Ltd.

General Geology: The general geology of the Haynes lake property is shown on Figure

5.5. The basement rocks to the plateau basalts and fluvial sediments are layered gneiss

of the Monashee Group, Valhalla and Coryell intrusive rocks. The Monashee Group is

part of the Shuswap Metamorphic Complex which has widespread distribution in south-

central British Columbia and contains many small uraniferous pegmatite occurrences, but

generally has a low uranium background relative to the intrusive rocks. The Valhalla and

Coryell rocks in the area are considered to be source rocks for uranium and more favour-

able basement rocks. A north 45 degrees west fault zone appears to extend from the area

of the Haynes lake deposit through the area of the Hydraulic lake deposit.

Mineralization: The uranium minerals in the Haynes lake deposit have not been iden-

tified, but because of its similarity to other deposits in the area, autunite is believed to be

the main uranium mineral.

Uranium reserves of greater than 400 tonnes U308 have been estimated for this property
but diamond-drill hole BCP-10 with 3 metres of 0.4 per cent U ° was only considered3 8

as greater than 0.02 per cent. If a high-grade section of the channel can be located, this

deposit will have significant additional reserves.

5.2.d Hydraulic lake Uranium Deposit

The Hydraulic lake deposit straddles the McCulloch road northwest of Hydraulic lake

about 23 air kilometres southeast of Kelowna. The deposit is in NTS 82E/14E and is

centred at longitude 119 degrees 12 minutes west and latitude 49 degrees 48 minutes

north. Much of the deposit north of the McCulloch road is presently controlled by PNC

Exploration (Canada) Co. ltd., while that part of the deposit south of the McCulloch

road is controlled by Tyee lake Resources ltd. Hydraulic Creek, a tributary of Mission

Creek, flows through glacial deposits at the southern end of the deposit.
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General Geology: The general geology of the Hydraulic Lake property is shown on

Figure 5.6. Layered gneissic rocks of the MonasheeGroup, Valhalla and Coryell intru-
sive rocks and volcanic-sedimentaryrocks of the Eocene Kettle River Formation are base-

ment rocks to the plateau basalt. The Hydraulic Lake deposit differs from other basal-

type deposits in the East Okanagan uranium area in that the highest grada mineralization

is associated with a layer of nearly massiveiron sulphide and the basalt cap that sealsand

protects other mineral deposits has been eroded from above much of the deposit. The

impermeable cap appears to be clay-rich layers within the sedimentary sequence, and

overlying the mineral deposit is severalmetres of poorly sorted glacialmaterial. A strong

north 45 degree west structural zone occurs in basement rocks below the Hydraulic Lake
deposit and probably provided ground preparation for leach solutions.

) :
,:

,
\
f

Mineralization: Uranium minerals identified at the Hydraulic Lake deposit include

ningyoite (Boyle, 1979) and gummite with associated strong concentrations of the iron

sulphide, marcasite. The mineralogy of this deposit suggests that strong reducing con-

ditions existed when the deposit formed.

The reserves of the Tyee Lake Resources' property are defined by grid drilling at about

693 tonnes U 0 but the 200 tonnes assigned to the PNC property area is based on3 8

wide-spaced drilling only.

5.3 Volcanogenic Deposits

Volcanogenic deposits of uranium appear to be relatively rare in the world. They are shown

as a minor type by Ruzicka (1976). However, similar polymetallic deposits of copper, zinc, and

lead are common. Such deposits originated during the formation of the original volcanic flows

and breccias by a number of processes but they are normally bedded parallel to the volcanic

rocks that contain them. These rocks also commonly show an alteration zone below the deposits

if they have formed near a vent area. The deposit at Rexspar is probably the best example of a
volcanogenic uranium deposit.

The Rexspar Deposit

Location and History: The Rexspar deposit is located on Red Ridge, 100 kilometres north of

Kamloops and 5 kilometres south of the villageof Birch Island,on the south slope of the North
Thompson Valley, between Lute and Foghorn Creeks.

-490 45'

The Rexspar showings have received intermittent attention since 1918. Initially interest was for

silver-lead and fluorite and, in the late 1920's, for manganese. Further work on the fluorite

occurrences was done in the 1940's, and the presence of uranium mineralization was discovered
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in 1949. Extensive surface and underground work in the early and mid 1950's outlined three

zones of commercial-gradeuranium mineralization and one contiguous zone of fluorite mineral-

ization. Geological studies and diamond drilling were resumed in 1969 and continued until

1976. The three zones of uranium mineralization, known as the A, B, and BD, have combined

reserves of 1114158 tonnes of ore grading 0.773 kilogram of U30S per tonne. Engineering
studies done on behalf of Consolidated Rexspar Minerals & Chemicals Limited by Kilborn

Engineering Ltd. indicate that these reservesare sufficient to support, for a period of four and

one-half years, a 1 270-tonne-per-day. five days a week mining operation and a 91O-tonne-per-

day beneficiation plant that is to operate continuously. Fluorite mineralization. located adjacent

to the uranium orebodies, if proven to be economic, could extend the life of the operation by an
additional four years.

Geology: All foliated rocks within the area mapped (Fig. 5.7) are part of the Eagle Bay For-

mation of pre-Late Triassic and probable Mississippian age. To the southwest, near Foghorn

Mountain, these rocks are in contact with massive to weakly foliated basalt and pillow basalt of

the Fennell Formation of Mississippian or later age. To the south, on Granite Mountain, schists

of the Eagle Bay Formation are intruded by massive quartz monzonite and granodiorite of the
Cretaceous Baldy batholith.
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South of the Thompson River, and especially in the vicinity of the Rexspar deposits, the foliated

rocks are flat lying (see Fig. 5.8) and mostly of volcanic origin. Green chlorite and chlorite-

sericite schist and silver-greysericite-quartz schist of map unit 1 are the most common rock type

and contain several exposures of clearly recognizabledacitic and andesitic volcanicbreccia which

attest to the volcanic origin of a good part of these rocks. Interlayered sedimentary members of

grey phyllite and slate (unit 2), quartzite, and ribbon chert are distinctly less abundant than

schists of volcanic origin. Uranium mineralization is found exclusively in map unit 3, locally

known as the trachyte unit. On Red Ridge,and particularly in the vicinity of the orebodies, this

rock consists of a rusty weathering, light grey, pyritic alkali feldspar porphyry which may be

massive, brecciated, or strongly schistose and lineated. Another common variety of unit 3, and

particularly near the A zone and south of the BD zone, is a breccia which contains a predomin-

ance of feldspar porphyry fragments as well as fragments of other fine-grained,darker coloured

rocks. Fragment size in these brecciasrangesfrom lessthan 1 centimetre to rarely more than 20

centimetres. The breccias, because of their setting, distribution, and appearance, can best be

interpreted as intrusive and volcanic breccias, which indicate that the area of the mineral de-

posits, and particularly that between the B and BD zones, probably is a volcanic centre or vent

from which part or all of map unit 3 wasderived.

Mineralization: Uranium-thorium mineralization is found exclusively in map unit 3 and, as

far as can be determined by surface mapping and from old drill records, occurs mainly in the

upper part of the unit. Dark-coloured zones of the 'trachyte unit' which are extensively re-

placed by silver-grey fluorphlogopite and pyrite are by far the best host to mineralization.

Drilling indicates that ore-grade material occurs in a series of discontinuous lenses generally

less than 20 metres thick and conformable with the schistosity in the trachyte. Fluorphlogopite-

pyrite replacements, commonly with lesser amounts of fluorite and minor calcite, range from a

few centimetres to several metres in size, and generally occur as coarse-grained segregations which

show both conformable and crosscutting relationships.

Previous work by officers of the Geological Survey of Canada and British Columbia Ministry of

Energy, Mines and Petroleum Resources, as well as further optical, chemical, X-ray, and electron

microprobe work during the present investigation, has yielded the following results:

(1) The principal uranium-thorium minerals at Rexspar are uraninite, thorian uraninite, torber-

nite, and metatorbernite, thorianite, and thorite. In addition, some uranium and thorium

occur in monazite. and niobian ilmenorutile.

(2) Rare earths are found in bastnaesite and monazite.
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(3) Other minerals include pyrite, fluorphlogopite, apatite, fluorite, celestite, galena, sphaler-

ite, chalcopyrite, molybdenite, scheelite, siderite, dolomite, calcite, barite, quartz, albitic

plagioclase, and alkali feldspar.

(4) Uranium-thorium minerals occur as tiny, discrete grains inside fluorphlogopite flakes

and surrounded by single or double pleochroic haloes or as discrete grains scattered in the

pyrite-fluorphlogopite matrix.

(5) Radiation damage has caused pleochroic haloes in fluorphlogopite and the purple color-

ation in fluorite.

(6) Analyses indicate that thorium-uranium ratios range from nearly 1:1 to much greater than

1:1 (Table 5.3). Rare earths, and particularly cerium and lanthanum, are present in very
substantial amounts (Table 5.4).

(7) Oxidation of the ore has been negligible.

(8) Fluorite is commonly found in the zones of uranium-thorium mineralization, but the

fluorite zone which could be commercial grade is separate from ore-grade uranium-thorium

mineralization.

(9) All phases of the 'trachyte unit: including zones of fluorphlogopite-pyrite replacement

and uranium-fluorite mineralization, display evidence of deformation and range from

brecciated to markedly schistose and lineated. They appear to have been subjected to most

or all of the deformation that affected the rest of the foliated rocks in the area, though

their response was not uniform.

It appears therefore that the mineralized zones at Rexspar not only are located close to a part of

the 'trachyte unit' which might represent a vent area, but also that, assuming the strata are up-

right, they are concentrated in the upper part of the unit. The close association with the pyrite-

mica replacement and the occurrence of radioactive minerals within mica grains suggest that all

these minerals formed at about the same time. The setting and aspect of the pyrite-mica zones

suggest that these were formed by late magmatic, volatile-rich fluids during a late stage in the

formation of the 'trachyte unit.' It follows, therefore, that thp. zones of uranium-thorium

mineralization, and of fluorite, probably are syngenetic with the formation of the 'trachyte

unit' and thus be of volcanic origin.

Age: A K/Ar age of 23E)j:8Ma has been obtained by S. S. Gandhi of the GeologicalSurveyof

Canada (personal communication, March 9, 1978) for fluorphlogopite from one of the min-
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Analyses done by gamma-ray apectrometrlc determlnatlons at the
Analytical Laboratory of the Ministry of Energy, Mines and Petroleum Resources
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TABLE 5.3. U AND Th CONTENT OF SELECTED HAND SPECIMENS
FROM REXSPAR

(All values in ppm)

Sinks +3.29 S.G. Floats -3.29 S.G.

Sample Total +40 mesh -40+60 mesh +40 mesh
No. Zone U Th U Th U Th U Th

1 BD 687 3270 1017 2401 825 1949 963 2230
2 A 412 504 374 493 230 264 496 416
3 A 265 204 331 197 312 114 230 172
4 A 1468 2418 2646 4093 1472 2452 1165 1343
7 A 231 411 377 696 227 312 251 386
8 BD 53 47 21 65 27 10 41 47

TABLE 5.4. SEMI-QUANTITATIVE EMISSION SPECTROGRAPHIC ANALYSES
OF SELECTED HAND SPECIMENS FROM REXSPAR

(Values in weight per cent)

Element Sample No. end Zone
1 - BD Zone 2-AZone 3 - A Zone 4 - A Zone 7-AZone 8 - BD Zone

Si >10.0 >10.0 >10.0 >10.0 >10.0 >10.0
AI 8.5 7.5 >10.0 >10.0 9.0 >10.0
Mg 2.0 2.0 0.7 2.0 1.0 2.0
Ca 3.5 2.5 1.35 2.5 >20.0 1.5
Fe 16.0 >20.0 12.5 17.5 11.5 9.0
Pb 0.015 Tr. 0.015 0.03 Tr. 0.015
Cu 0.07 0.05 0.03 0.05 0.01 0.02
Zn 0.01 0.01 Tr. Tr. N.A. Tr.
Mn 0.12 0.15 0.13 0.1 0.1 0.14
Ag Tr. Tr. Tr. Tr. Tr. Tr.
V 0.05 0.05 0.05 0.05 0.05 0.03
Ti 0.3 0.35 0.3 0.35 0.35 0.15
Ni Tr. Tr. Tr. Tr. Tr. Tr.
Co Tr. Tr. Tr. Tr. Tr. Tr.
Na 0.15 0.08 >2.0 0.15 0.15 2.0
K >2.0 >2.0 >3.0 >3.0 >2.0 >5.0

Mo 0.01 Tr. 0.01 Tr. 0.015 Tr.
Zr 0.05 0.02 0.03 0.05 0.025 0.025
Sr >2.0 0.1 0.04 0.15 0.1 >1.0
Ba 0.13 0.06 0.2 0.13 0.07 0.18
U 0.1 N.R. N.R. 0.15 N.R. N.R.
Th 0.23 0.04 0.02 0.23 0.04 N.R.
Li 0.015 0.03 0.01 0.04 Tr. 0.02
Nb 0.025 0.025 0.015 0.03 Tr. Tr.
Y 0.01 0.015 0.01 0.02 0.05 Tr.
La 0.07 0.09 0.25 0.1 0.25 0.02
Ce 0.08 0.1 0.2 0.16 0.15 0.04
Nd 0.12 0.14 0.12 0.14 0.12 0.025
P 1.2 1.2 1.0 1.2 0.5 N.A.

Sn N.R. Tr. Tr. Tr. Tr. Tr.
Ge Tr. Tr. Tr. Tr. Tr. Tr.
Cr Tr. Tr. 0.01 Tr. Tr. 0.01
Be Tr. Tr. Tr. Tr. Tr. N.A.
Yb Tr. Tr. Tr. Tr. Tr. Tr.

Analyses done at the Analytical Laboratory
of the Ministry of Energy, Mines and Petroleum Resources



I
eralized zones. This must be considered a minimum age and used cautiously because of some

analytical problems.

This PermofTriassic age for the fluorphlogopite and, by inference, for the mineralization, though

somewhat young for the presumed Mississippian age of the Eagle Bay rocks, tends to confirm the

interpretation that the mineralization at Rexspar is old, probably syngenetic with the host rocks,

and not related to the Cretaceous Baldy batholith.

5.4 Other Classes

5.4.a Pegmatite

Pegmatitic uranium deposits are a fairly common world-wide phenomena. McMillan

(1978) includes them, if at all, under igneous and Ruzicka (1977) under orthomagmatic

and anatectic deposits. These include some major deposits such as Rossingin Namibia. In

British Columbia uranium-bearing pegmatites occur mainly in the southern Omineca Belt

around the fringes of the Shuswap Metamorphic Complex. The largestconcentration of

reported pegmatite occurrences is in the Grand Forks-Nelson area but no mineable

reserveshave been established by exploration programsto date.

5.4.b Carbonatite

The association of uranium with carbonatites and related alkaline syenites is well known.

Probably the best example, Palabora in South Africa, was initially explored for uranium

although now also produces copper and other mineralsas well. In British Columbia much

of the early uranium exploration was associated with the small carbonatites (seeSection

Ill) and the relatively important Bugaboo placer deposits are reconcentration of minerals
from such sources. In BritishColumbia the carbonatite and related alkaline intrusivesare

concentrated in the eastern Omineca Belt and adjacent Rocky Mountains. No economic

reserveshave been developed in such deposits.

5.4.c Placer Deposits

Placer deposits of uranium are among the most important type for world reserves. Most

are related to 2.6 to 2.0 billion year old Proterozoic basins deposits on eroded Archean

basement. The Rand (South Africa) and Blind River-Elliot Lake (Ontario) are such areas.

Younger placer deposits are relatively rare, however the Bugaboo placer deposits are an

example. In these deposits pyrochlore, uraninite, magnetite, uranothorite, and euxenite

occur in layers of an outwash sand and gravel below the existing Bugaboo glaciers. The
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resistant uranium, thorium, and niobium-bearing minerals were eroded from the syenitic
and monzonitic phase of the Bugaboo batholith.

The only uranium or thorium known to be exported from British Columbia was from

placers on Vowell and Malloy Creeks in 1956. Concentrates from tests made at a tem-

porary plant near Spillimacheen were shipped by Falconbridge Nickel Mines Limited to

Quebec Metallurgical Industries. At that time and later by Dillingham Corporation of

Canada Limited, a potential 18 million cubic metres have been identified containing

about 0.07 kilogramper metre of Nb2Os and 0.013 kilogram per metre of U308.

5.4.d Vein Deposits

Vein deposits are one of the commonest types of uranium deposit known. In many
countries they are found on either side of major unconformities. The northern Sask-

atchewan deposits are mostly examples of this structural occurrence. In British ColumbiaI

such an association has not been identified, but many independent vein deposits are

known. A typical example is the Victoria-Hazelton View veins at Rocher Deboule

where uraninite is associated with gold, silver, nickel-cobalt sulpharsenides, and molyb-
denite. Another example is the Little Gem in the BridgeRiver where uraninite is associ-
ated with gold and silver.

Many other classes are known in British Columbia including shear zones, bedded dark shalesand

phosphorites, and skarn deposits. However,no substantial resource has yet been established in any
one of these classes.

5.5 Potential British Columbia Uranium Resources

On the basis of present knowledge, basal type uranium deposits appear to have the best potential

for expanding British Columbia's uranium reserves. In addition to the Blizzard deposit in the

southeast Okanagan, mineable reserves may be defined by further exploratory and development

work at the PB (Haynes Lake), Fuki-Donen, and Kettle (Hydraulic Lake) properties.

Elsewhere in the Province, the exploration potential for basal type uranium deposits has been
tested in only isolated sections of the Interior. Favourable conditions for the formation of

these deposits have been outlined in Section 5.2 and these include the presence of potential

source rocks (high background granites or volcanic rocks), stream and lake sediments containing

carbonaceous material, and impermeable cap rocks (plateau basalts). These parameters are

illustrated schematically on Figure 5.2, and Figure 5.9 shows the distribution of potentially

favourable granitic source rocks and Late Tertiary plateau basalt cap rocks, which in many

places are underlain by poorly consolidated sediments. Vast areas of the central Interior would

appear to be potentially favourable for the discovery of basal type uranium deposits. To date,
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only the 70 Mile House. Chilanko River. and Fraser Lake areas (Fig. 5.9) have been seriously

explored. However. it should be emphasized that basal type uranium deposits represent very

small targets which may not have a significant geochemical expression. Continued refinement

of exploration techniques may result in the discovery of additional basal type deposits in central

British Columbia.

Further discoveries of other types of uranium deposits, referred to earlier in this section. may

provide additional reserves. Rexspar is the only volcanogenic uranium deposit recognized to

date. Volcanogenic massive sulphide deposits of copper-zinc such as Western Mines and Kutcho

Creek occur in rocks of similar Permo/Triassic age but do not contain uranium mineralizaton.

possibly because their host rocks are of a more acidic nature. Tertiary alkaline volcanic rocks

such as those of the Eocene Marron Formation west of Penticton are characterized by high radio-

active background and have received considerable attention over the past several years. No

significant deposits have been identified.
fJ

Uranium deposits in plutonic igneous rocks include those associated with pegmatites and carbon-

atites. While no commercial deposits have as yet been recognized. their distribution patterns

suggest good potential for the discovery of additional prospects. Uraniferous pegmatites are best

developed in metamorphic terrains. principally fringing the Shuswap (Fig. 5.9). but the Wolverine

and Horseranch in central and northwest British Columbia may represent favourable areas for

future exploration. Similarly. such environments may also host pyrochlore-bearing carbonatites.

Contact or skarn type deposits such as Midnite mine in Washington (Fig. 5.9) may exist in cal-

careous sedimentary rocks marginal to high background granitic bodies such as the Valhallaand

Caryell granitic intrusions in south central British.Columbiaor -theSurprise Lake batholith near

Atlin. The latter intrusive body. noted for its multi-element geochemicalsignature. is known to

host secondary uranium minerals in fracture and fluorite stockwork zones. B

Black shales, phosphate. and sandstone uranium deposits, which constitute a significant portion

of the world-wide reserves. have not as yet been recognized in British Columbia. although favour-

able geology exists. Jurassic phosphate formations are widespread in the East Kootenays. while

high gamma-ray background Paleozoic and Mesozoic black shale sequences are known in north-

eastern British Columbia. The Tertiary Sustut and Sifton basins in north central British Columbia

have been a target for previous uranium exploration. but it appears that the sandstones and

conglomerates in these basins have been derived principally from low background volcanic

terrains.

N

T
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In summary. basal type deposits offer the best potential for expand ing present Provincial uran-

ium resources. Exploration for other types of deposits. particularly those types not yet recog-

nized in the Province (black shale. phosphate, sandstone). is warranted.

D.

Co
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5.6 Comparisonof Identified Resources in British Columbia, Canada, and the World

Current estimates of British Columbia uranium reserves are listed in Table 5.5. Basal type

deposits such as Blizzard in the East Okanagan account for most of the estimated reservefigure

of about 7 500 tonnes U ° . The Rexspar deposit has defined reserves of 861 tonnes U o s '
3 S 3

As suggested in Section 5.5, basal type deposits have the best potential for increasing present

known uranium reserves.

British Columbia reserves are about the same order of magnitude as those in WashingtonState

(Table 5.6). Two Washingtondeposits, Midniteand Sherwood, are producing mines.

Table 5.7 shows the 1978 assessment of Canadian uranium reserves and resources. Note that

there are two categories of reserves: those based on present world price of $125.00 (Canadian)

per kilogramof elementaluranium(1 tonne U = 1.179 tonnes U30S), and reserve projections
based on a potential future price of $175.00 (Canadian)per kilogram.

A comparison of British Columbia estimated uranium reserves(Table 5.5) with Canadian reason-

ably assured reservesat present day prices indicates that British Columbia reservesconstitute less

than 3 per cent of the Canadian total. In contrast, Canadianreservesin either category represent
a significant part of the world uranium resource.

TABLE 5.5. URANIUM RESOURCES AND RESERVES IN BRITISH COLUMBIA

COMPANY GRADE TONNES
DEPOSIT TONNES per cent U30S REFERENCE

BASAL TYPE URANIUM DEPOSITS
IN THE EAST OKANAGAN AREA

Norcen Energy Resources Ltd.

BLIZZARD 2100000 0.226 4760 Northern Miner, July 19. 1979,
Vol. 65. No. 19, p. B-4

Tyee Lake Resources Ltd.

HYDRAULIC LAKE 2 055 697 0.0366 693 L. Trenholme, October 1977,
company report

PNC Exploration !Canada) Co. Ltd.

DONEN !Cup Lake) >1000 000 0.05 >500 Estimates by P. A. Christopher
based on Assessment Reports

FUKI >500 000 0.03 >150 2013, 2484,4629,3775,3135,
5570,5090,5972,4630,5982,

HAYNES LAKE !PB 81-140) >2000 000 >0.02 >400 5115

HYDRAULIC LAKE !PB 180-214) >1000 000 >0.02 >200

OTHER DEPOSITS WITH RESERVES

Cons. Rexspar Minerals & Chemicals Ltd.

REXSPAR 1114158 0.0773 861 Canadian Mines Handbook,
1978/79, p. 83
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TABLE 5.6. WASHINGTONSTATE AND ALASKA URANIUM RESERVES AND PRODUCTION

DEPOSIT

ROSS ADAMS

SHERWOOD MINE

MIDNITE MINE

DAYBREAK MINE

SPOKANE MOUNTAIN

URANIUM DEPOSIT

LOCATION

Bokan Mountain,
Alaska

Stevens CountY.
Washington

Stevens CountY ,
Washington

Spokane County.
Washington

Stevens CountY,
Washington

PRODUCTION

U30g

58 600 t @ 1.0%, 1.0%
Th

1958-1963. 85 333 t @
0.17% (138665 kg); re-
started production May
1978 @2 000 t/day

3 000 000 t @ 0.2%
(presently milling 470 t
at Ford, Washington)

27 216 kg; mining ended
1966

1975 discovery

RESERVES

U30g

under evaluation

8 000 000 t @ 0.089%
(6400 kg)

2200000 t @ 0.145%

160 000 t @ 0.25%

C(J -+. m "V ::-

REFERENCES

Eakins, G. R. and Forbes, R. B. (1976)

Robbins, D. A. (1978); Nash, J. T. and
Lehrman. N. J. (1975)

Milne, P. C. (1979)

Milne, P. C. (1978)

Robbins. D. A. (1979)

"II ::- ...



TABLE 5.7. 1978 URANIUM RESOURCE ASSESSMENT
OF ELEMENTAL URANIUM IN MINEABLE ORE

Resource
Mineable at Uranium Prices up to:

$125 (Canadian)/kg elemental U $175 (Canadian)/kg elemental U

Canada Canada

Measured (Canadian terminology) . . . . . . . . . . 76 000. 80000t

Indicated (Canadian terminology) . . . . . . . . . . 139 000 155 000

Reasonably Assured (NEA/IAEA terminology)
(Measured plus Indicated)

215000
(12%of world resource

estimate in this categOry)

235 000
(9% of world resource

estimate in th is category)

Inferred . . . . . . . . . . . . . . . . . . . . . . . . . 223 000 302 000

Prognosticated . . . . . . . . . . . . . . . . 147000 426000

Estimated Additional .................
(Inferred plus Prognosticated)

370 000
(25% of world resource

estimate in this category)

728 000
(30%of world resource

estimate in this category)

. All estimates in metric tons elemental U contained in mineable ore.
tlncludes $125 (Canadian) ore.

SOURCE: 1978 Assessment of Canada's Uranium Supply and Demand, Energy, Mines and Resources Canada, Report
EP 79-3, June 1979.
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VI. RECONNAISSANCEGEOCHEMICALSURVEYS

6.1 History

en
>w
>
D:
::>
I/)
w
u
Z
et
!Z
~z
z
ouw
D:
.J
et
u
~
w
:I:
Uo
w
C)

IL
o
Z
o
j:
::>
ID
D:I-I/)
C

The Geological Division has been involved in reconnaissance geochemical surveys since 1975,

initially in a cooperative program, the Uranium Reconnaissance Program, with the Geological

Survey of Canada and, since 1978, by itself. URP was an outgrowth of a recommendation of a

Provincial Mines Ministers' Conference in 1973. The Divisionwas involved in initial planning

in 1974 (see Appendix 6.1) but the Ministrydid not sign an agreement until 1976 (seeAppendix

6.3). In some provinces URP was an airborne radiometric program but British Columbia opted

for a multi-element geochemicalsurvey because of their greater utility (see Appendices 6.1 and

6.2). Surveys started in the Okanagan to Clearwater areas (NTS areas 82 E, L, and M) in 1976,

continued in the East Kootenays (82 F and K) and Atlin (104N) in 1977, and terminated with

Jennings River (1040) and Cassiar (104P) in 1978. The same year British Columbia started its

own survey, the Accelerated Geochemical Survey (AGS), in the Terrace and Nass Riverareas to

stimulate prospecting in what was at that time a somewhat depressed area. This survey con-

formed to national standards and was conducted with considerable help from the Geological

Survey of Canada, particularly in data handling. British Columbia continued in 1979 with

Regional Geochemical Surveys (RGS) in Taseko Lakes (920) and Bonaparte (92P) areas. Figure

6.1 shows the areas surveyed. The large number of published maps and data are only listed

summarily in the Referencesfor Section VI.

6.2 Objectives

The surveys had many objectives that are evident in Appendices 6.1 to 6.3. These can be sum-

marized as follows:

...
ui
w
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(1) to provide industry with high quality reconnaissance exploration data to aid in the search

for uranium and 13 other metals, particularly copper, lead, zinc, molybdenum, tungsten,
and tin;

(2) to provide a consistent national data base for these metals to serve as a basis for resource

appraisal;

(3) to provide base-line data on the distribution of heavy metals for use for environmental

purposes. Mercury was added to the list of analysed elements initially at the request of

the Federal Department of the Environment. In British Columbia surveys, arsenic is

analysed as well as mercury.
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6.3 Method

Geochemical reconnaissance to the national standard involved sample collected on secondary

or tertiary stream drainage with a density of one sample per 5 square miles (12.95 square kilo-

metres). Two pounds (1 kilogram) of active silt (stream sediment) and 0.25 litre of water are

collected at each site. Sample collection, sample preparation, and water and silt analysis are all

carried out by separate contractors. Supervision, management, and quality control have been

done jointly by the GeologicalSurvey of Canada and the Geological Divisionof the Ministryof

Energy, Mines and Petroleum Resources or in British Columbia surveys, by the latter. Data

handling has been done by the GeologicalSurvey of Canada for all surveys.

Silts are analysed for zinc, copper, lead, nickel, cobalt, silver, manganese, iron, arsenic, molyb-

denum, tungsten, mercury, and uranium. Waters are analysed for uranium, fluorine, and pH.

The various programs to the end of this year will have surveyed 164 250 square kilometres

(63,400 square miles) or about 20 per cent of Cordilleran British Columbia. Some 15300 sites

will have been sampled.

The results are released in Mayor June of the year following the survey. A considerable effort is

made to ensure the data is secure until released. The data packet includes sample location maps,

detailed data listings, and statistical summaries, and in most instances maps for individual elem-

ents showing range symbols or values. The data is issued at its cost of reproduction. It is also

available on computer tapes.

6.4 Costs

The costs of the URP surveys were shared equally between the Geological Survey of Canada and

the Geological Division, except for in-house costs which would be greater for the Geological

Survey of Canada because of data handling. Costs for AGS and RGS are entirely borne by the

Geological Division, except for the data handling costs by the Geological Survey of Canada.

CONTRACTS SUPERVISION
LABORATORY

AND IN HOUSE

British Columbia Ministry of Energy. Mines
and Petroleum Resources

URP, 1976-78
AGS, 1978 .
RGS,1979 ..

TOTALS .
Geological Survey of Canada

Costs to GSC can only be estimated by the Geological Division except for contract costs.

$ 335 000
350 000
243 000

$ 928 000

$ 30 000

$ 30 000

$ 9 000'
5 000'
5 000'

$ 19000

TOT A LS .............. . . . . . .
$ 325 000
$1 263000

$ 75 000'
$105000

$125000'
$144000

GRAND TOTAL ~ $1512000

COST per site ~ $98.80
per square kilometre ~ $9.20

.approximate
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6.5 Results

Release of the data greatly stimulates exploration for the whole array of metals. This can be

shown by the pattern of claim staking in successiveyears following release. In 1977 when pros-

pecting was still somewhat depressed, release of the data triggered an immediate 17o-per-cent
increase in claim locations over the month previous. After the close of the year, locations were

up 38 per cent over the year before. In 1978 releasesfor the north and south were at different

times. The following list shows the response to the release.

In 1979 some 20 helicoPters were standing by for the releases of URP and AGS data at both

Lower Post and Terrace respectively.

A great many new mineral prospects have been located, old ones have been re-evaluated, and a

number of areas, heretofore regarded as having little mineral potential, are being investigated.

In regard to the second objective, the data are used to give more rigour to the Ministry's Land-

Useevaluations and MineralDeposit/Land Usemap series.

Preliminary results from the third objective are:

(1) The only substantial evidence of regional natural distribution of uranium in waters and

terrains is these surveys.

(2) The monitoring program sites were selected as a result of these surveys.

6.6 Discussion of Uranium Distribution in Silts and Waters on Geochemical Reconnaissance Maps

Estimates of the natural abundance of uranium in the upper third of the earth's continental crust

are based on estimates of the proportions of the various rock types in the same zone because

uranium content is very closely related to rock chemistry. This is shown for broad groups of

igneousrocks on Figure 6.2 (Peterman in Wederpohl, 1974, Vol. 11,p. 92-E-4).

At the same time the composition of this zone of the crust is normally considered to be substan-

tially the same as that of the magmatic igneous rocks because the contribution of sedimentary
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Map Area 104 N 82F 82K

Release Date June 15. 1978 June 8, 1978 June 8.1978

Claim locations in units per month

Mav ............... 34 76 234
June. . . . . . . . . . . . . . . 238 453 656
JulV . .. . .. . . . .. . . .. 896 354 450
August . . . . . . . . . . . . . . 148 186 219



cover and metamorphic rocks is judged not to distort the relative proportions significantly. The

many estimates of the proportions of magmatic rocks in the upper crust are all in substantial

agreement that the granitic suite forms about 87 per cent and the gabbro-diorite suite about 13

per cent (Wederpohl, Vol. I, pp. 241-244). Therefore from Figure 6.2 one can judge the upper

continental crust would have an average natural background of about 3.5 ppm. * The background

for the whole crust is judged to be about 2.6 ppm (Dyck, 1969).

Ultramafic rocks

(dunltes, serpentinites,
eclogites. etc.)

Mafic rocks (basalts. gabbros. etc.) --~---

Intermediate rocks (andesites. dacites.

rhyodacites, dlorites, quartz diorites.
granodiorites, etc.)

Silicic rocks (quartz latites. rhyolites.
quartz monzonites, granites)

0.001 0.01 0.1
Uranium (ppm)

10

FIGURE 6.2. GENERALIZED DISTRIBUTION OF URANIUM IN VARIOUS
BROAD GROUPS OF IGNEOUS ROCKS.

[From Peterman, Z. E.: unpublished communication (1963)]

Uranium in silts and waters generally reflects the uranium content ot nearby rocks that are sUb-

ject to erosion and weathering. Resistant uranium minerals are present in silts in addition to

hydromorphic material. Uranium content of waters is more complex because they are also very

dependent on their chemistry, particularly the carbonate and oxygen content (Langmuir, 1978,

pp. 20,21).

To illustrate the distribution of uranium, the regional reconnaissance survey maps of uranium

in silts and in waters have been contoured by hand and redrafted at 1:500 000 (Figs. 6.3a to

6.4c). An attempt has been made to show areas above crustal background by this method with
four contours.

For silts the range of values selected are as follows: 5 to 10 ppm, 10 to 20, 20 to 50, and >50

ppm. These values have been selected for convenience related to the symbol plot maps of URP.

As discussed previously, natural background for the whole upper continental crust would be

about 3.5 ppm. The mean value of 1 546 samples in the East Okanagan area (NTS 82E), an area

of known deposits and some high background areas, is 6.8 ppm. Therefore the selection of

5 ppm as the lowest contour value seems appropriate.
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Selection of valuesfor waters is more difficult. Averagevaluesfor sea are said to range from 1 to

4 ppb". Normal continental surface waters are much lower. Fix (1956) states the averagefor the

United States to be 0.1 ppb. The mean value for 1 546 samples from 82E is 0.29 ppb. The con-

toured values selected for convenience are as follows: 0.2 to 0.5, 0.5 to 1, 1 to 2, >2 ppb.

Silt maps generally confirm the discussion under 2.2, Metallogeny. The increasinggradient from

west to east is evident. Within this framework the granite areas in particular show as highs, and

in a general way these increase from west to east. The highest averaged regional values and the

highest granitic areas are found in southeastern British Columbia, especially in granites of Creta-

ceous age (140 to 70 Ma). In the same region the recrystallized metamorphic terrain is generally

above crustaI background. At the other side of the Province,the Coast Crystalline Belt is gener-
ally below crustal average except for young granites of the east flank of the Coast Crystalline

Complex. Even these are low compared to those of the southeast. In the north, the Surprise

lake batholith of the Intermontane Belt is anomalously high but the remainder of the belt is

generally low and below crustal background. The Cassiar batholith further east ischaracterized

by generally higher values than the Coast crystalline batholiths.

The data for uranium in waters is not complete because that for the Jennings River and Cassiar

areas has been delayed because of analytical problems. It will not be released until after Septem-
ber 1979.

The water maps in general are subdued reflections of the silt maps with the exception of the

Okanagan area where alkaline surficial and groundwaters carry very much increasedquantities of
uranium in solution.

"ppb =parts per billion. 55
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VII. MONITORINGSTUDIES

The Ministry of Energy, Mines and Petroleum Resources has provided a $13 000 grant to finance a

12-month water-monitoring project in cooperation with the Ministryof Health.

The project is designed to monitor the quality of water at selected sites from the standpoint of natural

uranium and gross alpha particle and gross beta particle concentrations in these waters. The sites were
selected on the basis of those waters used for domestic purposes which showed higher than average

uranium values in the recently completed 3-year Uranium ReconnaissanceProgram regionalgeochemi-

cal surveys (seeSection VI).

The objective of this water quality monitoring program is to obtain values for the natural levels of

uranium, gross alpha, and gross beta in these waters on a year-round basis. This will enable health

authorities and others to determine the average annual exposure to this natural source of radioactivity

of the people using these waters for domestic purposes.

The study is being run over a 12-month period so that variations such as those associated with spring

runoff, differences in drainage areas between winter and summer flows, and other factors can be

evaluated. In addition, this type of monitoring has not been carried out previously in British Columbia.

As a result, sampling problems, analytical techniques, and interpretation of the data all have to be

perfected before any definitive statements can be made about the meaning of the information accumu-

lated. Appendix 7 has a brief description of the analytical techniques used.

Because the program is not complete, no interpretation of the data is possible. The test results have

been forwarded for the information of the local Public Health officials who are cooperating in this

study by collecting the samples. When the study is completed, the information and the interpretation

will be published.

Table 7.1 summarizes water quality data for the first 5 months (February to June) of a planned 12-

month monitoring program. The values for uranium concentration, conductivity, and pH represent

averages of five separate monthly samples (with some exceptions). Gross alpha (a) and beta (IJ)particle

activities are indicated as the total range measured to date. Tables 7.2 to 7.7 give the results for individ-

ual months from February to July, inclusive. The variable results for some sample sites show the need

for sampling over an extended period of time prior to making any interpretations.

The five areas of investigation are shown as shaded areas on the map (Fig. 7.1) In each area several

samples are collected including composite samples taken in private residences. These locations are

included on the accompanying maps (Figs. 7.2 to 7.4). Because of limited funding, 11 of the 31

samples will be analysed in government laboratories beginning with the samples collected in June.

In addition, $2300 in supplemental funding will be spent by this Ministry to maintain the current

program at its present level.

57



In summary, the Ministry of Health and the Ministry of Energy, Mines and Petroleum Resources are

cooperating in investigating five watersheds to determine temporal variations in the natural uranium

concentration and the natural radioactivity. A quarterly resume of accumulated results will be given to

the Commission and upon completion of this study the final report will be available to all interested

parties.
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TABLE 7.1. SUMMARY OF WATER QUALITY DATA

(FEBRUARY TO JUNE 1979)

Conductivity
Site Gross a Gross p Uranium @25°C

Area No. Description pCi/1 pCi/l ppb Ilmhoslcm pH

Beaverdell 1 Trapping Creek 1- 2t1 <3- 6t3 0.7 85 7.0
(BR) 2t West Kettle River <1- 111 <3- 413 1.0 65 7.2

3 Beaverdell Creek <1 <3- 3t3 1.3 165 7.6
4 Dear Creek <1 <3- 513 0.6 140 7.7
5 State Creek <1 <3- 3t3 1.0 150 7.7

I

6 Beaverdell Ranger Station 1- 412 <3- 8t3 5.5 370 7.4
en

7t Tamarack Lodge <1- 212 3- 8t3 8 380 7.3cl:
w

8t Beaverdell Home 3- 4t2 <3- 5t3 7 415 8.0a:
cl:
z

Blueberry Creek 1t Blueberry Creek at lake <1 <3- 3t3 0.1 85 7.20
en

(BC) 2 Blueberry Creek at intake <1 <3- 3t3 0.2 90 7.4...J
w

3t Blueberry Creek Home <1 <3- 4'3 0.2 90 7.3z
c 4 Blueberry Creek Home <1 <3- 4t3 0.2 85 7.3z

5t Blueberrv Creek Home <1 <3- 4t3 0.3 90 7.3cl:

w
Kelowna 1 Hydraulic Creek at intake <1 <3- 7t3 0.5 100 6.8w

a:
(KL) 2 Hydraulic Lake Spillway <1 <3- 513 0.4 65 6.4u

>- 3 S.E.K.I.D. Office <1 <3- 5t3 0.5 115 6.9a: 4t Kelowna Home <1 <3- 4t3 0.5 130 7.0a:
w 5t Fish Creek <1 <3- 4t3 0.3 60 6.7ID
w
::I
...J Nelson 1t Four Mile Creek 1-20t3 <3-12t3 13.2 75 7.6ID

M (NL) 2 Four Mile Creek Home <1-1913 <3-11 t3 11.9- 75 7.5
,..; 3t Duhamel Creek <1- 2t1 <3- 313 1.8 70 7.6
w 4 MacDonald Landing School <1- 211 <3 1.5 65 7.5a:

5t MacDonald Landing Home <1- 1!1 <3- 413 1.8::> I 70 7.6::J
.1.

Summerland Garnet Lake Spillway1 3- 712 5-1013 10.7 360 7.7
(SU) 2 Eneas Creek 6-1213 6-15'6 21.0 500 7.9

3 Darke Creek 3- 712 3-1013 11.3 265 7.7
4 Trout Creek <1- 2t1 <3- 5t3 3.0 145 7.5
5 Trout Creek at intake <1- 211 <3- 513 3.2 125 7.4
6 Well, Eneas Creek 6-1214 10-1517 21.1 610 7.2
7 Well. Darke Creek 5-12t3 6-10i 3 19.7 360 7.5
8 S.O.H.U. Office <1- 1+1 <3- 8t3 2.9 130 7.2
9t Summerland Home <1- 2t.1 <3- 7t.3 3.4 165 7.1

.Range of 43 to 1.25.

t Sites no longer analysed by Chemex so no data for June.
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TABLE 7.2. WATER QUALITY DATA

(FEBRUARY 197))

Conductivity
Site Gross a Gross Jj Uranium @25°C

Area No. Description pCi/1 pCi/' ppb JJmhos/cm pH

Beaverdell 1 Trapping Creek h1 6t3 1.00 185 7.6
(BR) 2 West Kettle River

3 Beaverdell Creek <1 <3 2.3 250 7.5
4 Dear Creek <1 <3 1.9
5 State Creek
6 Beaverdell Ranger Station 1:1:1. 8i3 2.0 240 7.9
7 Tamarack Lodge

Blueberry Creek 1 Blueberry Creek at lake <1 <3 0.20 91 7.5
(BC) 2 Blueberry Creek at intake <1 <3 0.15 116 7.2

3 Blueberry Creek Home <'1 (H1) <3 (5'3) 0.25 (0.301 116(1171 7.1 (7.0
4 Blueberry Creek Home <1 4t3 0.25 110 7.3
5 Blueberry Creek Home <1 4t3 0.70 110 7.1

Kelowna 1 Hydraulic Creek at intake <1 7t3 0.30
(HL or KL) 2 Hydraulic Lake Spillway <1 5:1:3 0.30

3 S.E.K.I.D. Office <1 «1) <3 «3) 0.30 (0.30) (155) (7.7)
4 Kelowna Home <1 « 11 <3 (4t3) 0.30 (0.30)
5 Fish Creek <1 <3 0.10

Nelson 1 Four Mile Creek 20'3 12.!:3 41.0 107 7.6
(NL) 2 Four Mile Creek Home 19'2(16t2) 11.t3 (17'3) 43.0 (40.0) 105 (112) 7.6 (7.5)

3 DuhamelCreek 2t1 <3 2.8 77 7.6
4 MacDonald landing School 2t1 <3 2.4 79 7.6
5 MacDonald landing Home 1'1 «1) 4t3 (3t3) 2.6 (2.7) 77 (87 ) 7.5 (7.4)

Summerland 1 Garnet Lake Spillway 4'.2 7t3 11.1 360 7.4
(SUI 2 Eneas Creek 6t3 7i4 22.0 480 7.9

3 Darke Creek 7'2 3.'3 13.4 300 7.9
4 Trout Creek 1 <3 3.9 270 7.8
5 Trout Creek at intake hT' <3 3.9 170 7.6

Well. Eneas Creek
,

6 10'4 10t6 23.0 600. 7.1
7 Well, Darke Creek 9'3 6t3 14.5 340 7.5
8 S.O.H.U. Office <1 (1'11 8t3 (5t3) 3.7 (3.3) 170 (163) 7.2 (7.5)
9 Summer land Home 2t1 7t3 3.6 170 7.1

NOTE: Values in brackets are for composite samples.
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TABLE 7.3. WATER QUALITY DATA

(MARCH 1979)

Conductivity
Site Gross a Gross tJ Uranium @ 25" C

Area No. Description pCi/. pCi/' ppb Ilmhoslcm pH

Beaverdell 1 Trapping Creek <1 <3 1.3 85 7.4
(BR) 2 West Kettle River <1 <3 1.7 85 7.1

3 Beaverdell Creek <1 <3 1.7 175 7.9
4 Dear Creek <1 <3 1.0 180 8.0
5 State Creek <1 <3 0.9 150 8.0
6 Beaverdell Ranger Station 4t2 5t3 9.2 400 7.2
7 Tamarack Lodge 2t2 3t3 10.0 380 7.2
8 Beaverdell Home (4t3) (513) (10.0) (410) (8.01

Blueberry Creek 1 Blueberry Creek at lake <1 <3 0.10 90 6.8
(BC) 2 Blueberry Creek at intake <1 <3 0.20 110 7.4

3 Blueberry Creek Home <1 <3 0.20 110 7.4
4 Blueberry Creek Home <1 <3 0.15 115 7.2
5 Blueberry Creek Home <1 <3 0.15 115 7.1

Kelowna 1 Hydraulic Creek at intake <1 313 0.35 160 7.2
(KL) 2 Hydraulic Lake Spillway <1 4t3 0.45 60 6.2

3 S.E.K.I.D. Office <1 <3 0.80 (0.1 ) 160 (1441 7.1 (7.6)
4 Kelowna Home <1 413 0.90 (0.1) 175 (152) 7.5 (8.0)
5 Fish Creek <1 4t3 0.65 65 6.8

Nelson 1 Four Mile Creek 311 413 7.0 70 7.7
(NL) 2 Four Mile Creek Home 5t1 6t3 7.2 70 7.5

3 Duhamel Creek <1 3t3 2.6 75 7.6
4 MacDonald Landing School <1 <3 2.6 80 7.7
5 MacDonald Landing Home <1 313 2.6 80 7.9

Summerland 1 Garnet Lake Spillway 5t2 8t3 14.2 370 7.7
(SU) 2 Eneas Creek 8t3 1214 27.0 470 8.1

3 Darke Creek 411 6t3 15.6 300 8.0
4 Trout Creek 2t1 <3 5.9 150 7.9
5 Trout Creek at intake 1:11 3t3 6.7 150 7.7
6 Well, Eneas Creek 6t4 1516 25.0 600 7.2
7 Well, Darke Creek 5:1.2 913 26.0 350 7.6
8 S.O.H.U. Office 111 6:1.3 5.1 155 7.4
9 Summerland Home <1 <3 5.0 160 7.1

NOTE: Values in brackets are for composite samples.
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TABLE 7.4. WATER QUALITY DATA

(APRIL 1979)

Conductivity

Site Gross a Gross {3 Uranium @25°C

Area No. Description pCi/1 pCi/1 ppb /lmhos/cm pH

Beaverdell 1 Trapping Creek 2!1 5'3 0.75 80 7.3

(BR) 2 West Kettle River 1:1:1 4'3 0.75 75 7.6

3 Beaverdell Creek <1 <3 1.00 115 7.8

4 Dear Creek <1 53 0.95 115 7.8

5 State Creek

6 Beaverdell Ranger Station 2t1 5'3 6.0 390 7.3

7 Tamarack Lodge <1 8i3 5.9. 380 7.4

8 Beaverdell Home ---.. -..-- (8.2) (410) (8.0)

Blueberry Creek 1 Blueberry Creek at lake <1 3!3 . 0.15 95 6.9

(BC) 2 Blueberry Creek at intake <1 3!3 0.25 90 7.4

3 Blueberry.Creek Home <1 4'3 0.20 90 7.2

4 Blueberry Creek Home <1 4';3 0.35 95 7.1

5 Blueberry Creek Home <1 3'3 0.25 90 7.2

Kelowna 1 Hydraulic Creek at intake <1 3!3 0.45 120 6.9

(KL) 2 Hydraulic Lake Spillway <1 <3 0.25 130 6.5

3 S.E.K.I.D. Office <1 5!3 0.55 (0.30) 150 6.7

4 Kelowna Home <1 <3 0.55 (0.30) 150 6.7

5 Fish Creek <1 3!3 0.40 55 6.3

Nelson 1 Four Mile Creek 2:t1 3i3 3.8 65 7.5

(NL) 2 Four Mile Creek Home 211 313 3.8 65 7.3

3 Duhamel Creek 1:t1 313 1.5 70 7.5

4 MacDonald Landing School 1:1:1 <3 1.6 70 7.5

5 MacDonald Landing Home 1:1:1 <3 1.6 70 7.5

Summerland 1 Garnet Lake Spillway 3!2 8t3 11.1 360 7.3

(SU) 2 Eneas Creek 9\3 8!3 22.0 470 7.7

3 Darke Creek 2t2 613 12.7 300 7.5

4 Trout Creek 1:1:1 <3 4.3 160 7.2

5 Trout Creek at intake 2!1 5!3 3.9 160 7.2

6 Well, Eneas Creek 12.'2 17'3 24.0 620 6.9

7 Well, Darke Creek 5!2 813 20.0
-

380 7.1

8 S.O.H.U. Office <1 5!3 4.6 160 7.0

9 Summerland Home h1 <3 4.3 160 7.0

NOTE: Values in brackets are for composite samples.
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TABLE 7.5. WATER QUALITY DATA

(MAY 1979)

Conductivity
Site Gross a Gross (J Uranium @ 25" C

Area No. Description pClf' pCifl ppb pmhos/cm pH

Beaverdell 1 Trapping Creek 1 -1 <3 0.15 30 6.9
(BR) 2 West Kettle River <1 4f3 0.45 35 7.0

3 Beaverdell Creek <1 3!3 0.35 115 7.7
4 Dear Creek <1 <3 0.25 130 8.0
5 State Creek <1 <3 0.30 115 8.0
6 Beaverdell Ranger Station 312 «1) <3 «3) 3.5 (5.0) 400 (4101 8.1 (8.0)
7. Tamarack Lodge
8 Beaverdell Home 312 (612) <3 (614) 2.9 (3.5) 420 (410) 8.0 (8.4)

Blueberry Creek 1 Blueberry Creek at lake <1 <3 0.05 65 7.8
(BC) 2 Blueberry Creek at intake <1 <3 0.20 65 7.8

3 Blueberry Creek Home <1 <3 0.20 50 7.6
4 Blueberry Creek Home <1 <3 0.20 55 7.8
5 Blueberry Creek Home <1 3t3 0.20 50 7.7

Kelowna 1 Hydraulic Creek at intake <1 <3 0.50 65 6.8
(KL) 2 Hydraulic Lake Spillway <1 <3 0.45 35 6.7

3 S.E.K.I.D. Office <1 <3 0.45 (0.501 65 (65) 6.9 (7.7)
4 Kelowna Home <1 3!3 0.20 (0.40) 65 (65) 6.7 (7.7)
5 Fish Creek <1 <3 0.15 55 7.0

Nelson 1 Four Mile Creek 111 <3 1.20 65 7.8
(NL) 2 Four Mile Creek Home <1 <3 1.25 (1.35) 65 (50) 7.8 (7.7)

3 Duhamel Creek <1 <3 0.45 50 7.6
4 MacDonald Landing School <1 <3 0.36 55 7.8
5 MacDonald Landing Home <1 <3 0.50 50 7.7

Summerland 1 Garnet Lake Spillway 613 5t3 9.4 360 7.8
(SU) 2 Eneas Creek 1014 616 17.3 540 7.8

3 Darke Creek 311 613 6.0 200 7.5
4 Trout Creek 1!1 5t3 0.25 60 7.1
5 Trout Creek at intake <1 313 0.55 60 7.0
6 Well, Eneas Creek 614 <3 14.4 640 7.5
7 Well, Darke Creek 6'-2 10-3 20.5 370 7.6
8 S.O.H.U. Office <1 <3 0.55 11.20) 70 (75) 6.9 (7.8)
9 Summerland Home 111 <3 0.70 70 7.0

.Site BR-7 dropped beginning in Mav 1979.

NOTE: Values in brackets are for composite samples.
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TABLE 7.6. WATER QUALlTY-

(JUNE 1979)

Conductivity

Site Gross a Gross (J Uranium @25°C

Area No. Description pCill pCi/1 ppb /lmhos/cm pH

Beaverdell 1 Trapping Creek <1 <3 0.40 40 5.9

(BR) 2. WestKettle River
3 Beaverdell Creek <1 3t3 1.30 . 180 7.1

4 Dear Creek <1 <3 0.40 160 7.0

5 State Creek <1 3t3 0.60 165 7.0

6 Beaverdell Ranger Station 3t2 313 6.8 410 6.4

7. Tamarack Lodge
8. Beaverdell Home

Blueberry Creek 1. Blueberry Creek at lake
(BC) 2 Blueberry Creek at intake <1 <3 0.20 60 7.3

3. Blueberry Creek Home
4 Blueberry Creek Home <1 <3 0.15 60 7.2

5. Blueberry Creek Home

Kelowna 1 Hydraulic Creek at intake <1 <3 0.70 50 6.4

(KLI 2 Hydraulic Lake Spillway <1 413 0.65 35 6.1

3 S.E.K.I.D. Office <1 513 0.60 50 6.3

4. KelownaHome
5. Fish Creek

Nelson 1. Four Mile Creek

(NL) 2 Four Mile Creek Home 2!1 4t3 4.1 80 7.1

3. Duhamel Creek

4 MacDonald Landing School <1 <3 0.60 50 6.7

5. MacDonald Landing Home

Summerland 1 Garnet Lake Spillway 712 1(}j:3 7.8 355 8;.1

(SU) 2 Eneas Creek 1214 1516 16.9 550 7.9

3 Darke Creek 512 1013 8.7 220 7.8

4 Trout Creek <1 <3 0.55 90 7.7

5 Trout Creek at intake <1 313 0.70. 90 7.7

6 Well, Eneas Creek 1214 1217 . 19.2 590 7.4

7 Well. Darke Creek 1213 913. 17.3 370 7.6

8 S.O.H.U. Office <1 3!:3 0.55 85 7.3

9. Summerland Home ---

.Sites no longer analysed by Chemex.
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TABLE 7.7. WATER QUALITY

(JUL Y 1979)

Conductivity
Site Gro. a Gro.(J Uranium @2!tc

Area No. Description pCi/1 pCi/1 ppb #&mhoslcm pH

Beaverdell 1 Trapping Creek <1 <3 0.40 50 7.5
(BR) 2- West Kettle River

3 Beaverdell Creek <1 33 1.3 230 8.1
4 State Creek <1 <3 0.60 175 8.0
5 Dear Creek <1 33 0.70 195 8.1
6 Beaverdell Ranger Station 4t.2 3:1:3 5.1 420 7.2
7- Tamarack Lodge
8- Beaverdell Home

Blueberry Creek 1- Blueberry Creek at lake
(BCI 2t Blueberry Creek at intake

3- Blueberry Creek Home
4 Blueberry Creek Home 2.t1 6+3 0.30 85 7.5
5-t Blueberry Creek Home

Kelowna 1 Hydraulic Creek at intake <1 <3 0.60 45 6.6
(KL) 2 Hydraulic Lake Spillway <1 <3 0.45 35 6.1

3 S.E.K.I.D. Office <1 <3 0.55 45 6.2
4- Kelowna Home
5- Fish Creek

Nelson 1- Four Mile Creek
(NL) 2 Four Mile Creek Home 5i1 5:1:3 6.2 95 7.3

3- Duhamel Creek
4 MacDonald Landing School <1 <3 1.0 70 7.2
5- MacDonald Landing Home

Summerland 1 Garnet Lake Spillway 4!2 413 7.1 350 8.1
(SU) 2 Eneas Creek 1114 6:1:6 16.2 580 8.1

3 Darke Creek 1:1:1 813 2.2 170 7.8
4 Trout Creek 1:1:1 <3 0.90 110 8.0
5 Trout Creek at intake <1 3'3 0.85 110 7.9
6 Well. Eneas Creek 11 !4 11!6 16.2 590 7.6
7 Well. Darke Creek 13:1:3 1213 14.4 370 7.8
8 S.O.H.U. Office <1 <3 0.85 115 7.6
9- Summerland Home

.Dropped sites.

t Samples not received from these sites for July.
NOTE: Values in brackets are for composite samples.
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..... APPENDIX 4-1. URANIUM EXPLORATION ON MINERAL CLAIMS, 1969 -1978.".

NTS 82E

NUMBER OF
PROPERTY LOCATION CLAIMS

NAME (NTS) COMPANY (UNITS) TYPE GEOLOGY GEOCHEMISTRY GEOPHYSICS TRENCHING DRILLING

JO 82E/1W Chinook Construction & 20 (19771 pegmatite soil scintillometer

Engineering Ltd. 20 (1978)

SD 82E/1W Boundary Exploration Ltd. 36 (1970) pegmatite X rock; soil radiometric, 2 500 km; X percussion, 630 m

(1970) scintillometer

Chinook Construction & 28 (1975)
Engineering Ltd. (1975)

Cassiar Asbestos (1977, 22 (1976)
1978) 207 (1977)

MIDWAY 82E/2W E&B Explorations Ltd. 40 (19771 volcanic X stream sediment;. radiometric
soil

ROB 82E/2W J. S. Hilton 8 (1977) volcanic X
.,

scintillometer
."

JADO 82E/2W Wespas Resources Ltd. 29 (19771 volcanic X soil scintillometer

XUL 82E/2W Mascot Mines & Petroleums 15 (19771 volcanic ,,: gamma ray spectrometer

GREEN 82E/2W E&B Explorations Ltd. 20 (1977) volcanic X soil; " scintillometer'

185 (1978) stream sediment

WEST 82E/2W E&B Explorations Ltd. 20 (19771 volcanic X soil; radiometric
stream sediment

DOLO 82E/2W New Dolomite White Mg,W, Th X

Mining Ltd. (1970) in dolomite

BM, BD 82E/3E BP Minerals Ltd. 22 (1977) volcanic X soil; silt scintillometer

R 82E/4E British Newfoundland 11 (19771 gamma ray spectrometer
Exploration Ltd.

POLVO 82E/4E British Newfoundland 123 (1977) and X soil scintillometer

Exploration Ltd. 8 Crown grants
(1978)

ASTRO 82E/4, 5 Pacific Petroleums Ltd. 744 (1977) volcanic X water; magnetometer; diamond. 1 571 m

900 (1978) stream sediment; scintillometer;
rock induced polarization

TWIN 82E/5 Union Oil Co. of Caneda 75 (19771 sandstone X soil; silt scintillometer;

Ltd. 31 (1978) induced polarization



KER 82E/SW Union Oil Co. of Canada 38 (1977) sandstone X soil; silt; rock scintillometer

Ltd.

OLALLA 82E/5W British Newfoundland volcanic radiometric

Exploration Ltd.

CLARK 82E/5W Canadian Occidental 143 (1978) sandstone ? X rock; water; silt; scintillometer

Petroleum Ltd. soil

PLEX 82E/6W E&B Explorations Ltd. 40 (1978) X soil; silt radiometric

HEIDI 82E/6E Union Carbide Exploration 53 (19771 sandstone X rock; silt

Corp.

SCINT 82E/6E Lion Mines Ltd. 11 basal X radiometric

JP 82E/7E,1W, Getty Mining Pacific Ltd. 202 basal X soil; rock scintillometer, 37 km

2E,6W

HC 82E/SW Long Lac Mineral 80 (1978) soil; silt; rock scintillometer ;

Explorations Ltd. electromegnetic

DELL 82E/1OW Peregrine Petroleums Ltd. 282 119771 basal X silt; water induced polarization; diamond, 54.8 m
airborne spectrometer ;

electromagnetic

AT 82E/10W Wespes Resources Ltd. 20 (1977) basal X soil scintillometer

FUKI, 82E/10W PNC Exploration (Canada) 320 (1969) basal X scintillometer X diamond, 5 337 m

DON EN Co. Ltd. 11969, 1970, 175 (1973)

1971,1972,1973,1976,
1977)

BLIZZARD 82E/10W Lacena Mining Corp. (1976) 63 (1976) basal X radon gas; soil scintillometer percussion, 750 m

Norcen Energy Resources
diamond and rotary.

Ltd. 11977,1978)
19561 m

BEAVER 82E/10W Darva Resourcas & 38 (19771 basal X scintillometer overburden, 59.8 m

Development Ltd.

DEAN 82E/1OW Seatu Explorations Ltd. 28 (1978) basal soil

CUP2 82E/10W E&B Explorations Ltd. 20 (1978) basal X soil; silt; water scintillometer

BOX 82E/10W Seatu Explorations Ltd. 70 (1978) soil gamma ray spectrometer;
megnetometer

SHORE, 82E/1OW Norcen Energy Resources 35 (1978) basal X soil; silt gamma ray spectrometer

LAKE Ltd.

HONEST 82E/10W, Du Pont of Canada 13 (1977) basal X percussion, 238 m

11E Exploration Ltd. 13 (1978)

TRAP 82E/10W, Lacena Mining Corp. 118(1977) basal X water; silt magnetometer percussion, 1 050 m
.....

11E 118 (1978)U1



DM 82E/15W Union Carbid" of (''''"AtiA 1~/10"7,",\ L___I
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percussion, 908.3 m

diamond,971 m

percussion, 502.9 m

NTS 82G

....
.... COMMERCE 82G/1W Kintla Exploration Ltd. 88 (1976)

54 (19771
54 (19781

Precambrian
sediments

with Au, Ag,
Cu

rock scintillometer;
radiometric

DM 82E/15W Union Carbide of Canada 166 (1977) basal X track etch;
Ltd. geobotanical

BASIN 82E/15W Canex Placer Ltd. 20 (19771 basal

GRAND 82E/15W Lacana MiningCorp. 24 (1978)
DADDY

NTS 82F

TOP 82F /4 San Antonio Explorations 16 (1978) X soil
Ltd.

MOTA 82F/4E China Creek Consortium 78 (1977) pegmatite X radon survey scintillometer 2 test pits percussion, 52 holes
(Manny Consultants Ltd.) totalling 1 150 m;

diamond, 135 m

U308
82F/4E P. Leontowicz 4 (1975, pegmatite X 30m

1976,1977)
ENERGY 82F/4E Burlington Gold Mines Ltd. 40 (1978) pegmatite X soil percussion, 90 m
CC 82F/4E,5E Hans Buhr, Roy Carlson 40 (1978) pegmatite X X
LlNDA 82F/4W Sharp Exploration 26 (1977) pegmatite X silt; water; rock; scintillometer

Syndicate soil

Lacana MiningCorp. 50 (1978)

AC 82F /4W Cherokee Development 20 (1977) ? soil scintillometer
Ltd.

DC 82F/4W Kendal Mining& 20 (1977) pegmatite scintillometer X
Exploration Co. Ltd.

SYNDICATE 82F/4W F. Hastings 12 (19781 pegmatite soil scintillometer
ROMA 82F /5E Roy Carlson 24 (1978) pegmatite X
JACKASS 82F/5E S. Paszty, A. Teretoff 75 (19781 pegmatite scintillometer
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VAN 82G/12E E. J. Frost 1 (1977) xvein

NTS 82K

ANNETTE, 82K/9W Canadian Johns-Manville 150 (1970) stockwork X soil scintillometer; X 16m

SLIDE (1970,1971,1972, 119 (1972) Mo,W induced polarization

1973,1976) 77 (1973)
6 (1976)

SERENA 82K/9W Chevron Standard Ltd. 12 (1977) stockwork soil; silt; rock scintillometer

TOBY W 82K/9W Esso Minerals Canada Ltd. 16 (1978) soil; silt; rock airborne radiometric

STAR 82K/9W, Chevron Standard Ltd. 18 (1977) stockwork soil; silt; rock scintillometer

10E

ANNETTE 55 "82K/10E Com'inco Ltd. 77 (1977) stockwork X silt; water; rock
77 (1978)

NTS 82l

GATE 82L/2E Shell Canada Resources 80 (1978) basal X water; silt rotary, 157.3 m

Ltd.

COAL 82L/2E Union Oil Co. of Canada 40 (1977) ba,sal X water; rock airborne magneto meter ;

Ltd. 44 (1978) airborne scintillometer

SPAR 82L/2W Able Explorations Ltd. 34(1971) pegmatite radiometric with X

U,W ultra-violet lamp

VAL 82L/2W Chatham Resources Ltd. 40 (1976) basal )$.. soil; water radiometric diamond, 574.8 m;

(1976) rotary, 181 m

Kerr Addison Mines Ltd. 57 (1977)

(1977)

SUE 82L/2W Union Carbide Canada Ltd. 154 (1977) basal percussion, 1 170.4 m

TAl 82L/2W E&B Explorations Ltd. 108 (1977) volcanic X soil scintillometer diamond, 291.1 m

CLIER 82L/2W E&B Explorations Ltd. 94 (1977) X soil; silt; water; scintillometer
rock

KING 82L/3 Kerr Addison Mines Ltd. 64 (1977) basal X 114.9 m
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LEAL 82L/3 Union Carbide Canada Ltd. 112(1977) basal X track etch percussion, 472.4 m
ROD 82L/3E Kerr Addison Minas Ltd. 74 (1977) basal X X radiometric
FISSION 82L/3E Mattagami Lake Mines Ltd. 158 (1977) basal X water; soil magnetometer; diamond, 548 m

induced polarization
CRESCENT 82L/3E Kerr Addison Mines Ltd. 59 (1977) basal diamond, 893 m
CHANNEL 82L/3E Kerr Addison Mines Ltd. 58 (1977) basal watar; silt; soil diamond, 709 m;

(1977) rotary, 106 m
Banqwest Resources Ltd.

(1978)

BURCHAN 82L/3E Union Oil Co. of Canada 18 (1978) basal X soil; water scintillometar
Ltd.

OYAMA 82L/3E,4E Du Pont of Canada 94 (1977) basal X percussion, 137 m
Exploration Ltd.

REEF 82L/3W Union Oil Co. of Canada 100 (1977) basal X rock; water; silt scintillometer;
Ltd. airborne radiometric;

airborne magnetometer
ECHO 82L/3W E&B Explorations Ltd. 67 (1978) basal X silt; water; soil scintillometer
ESP 82L/4 Shell Canada Resources 92 (1978) basal X water; silt rotary. 41.5 m

Ltd.

NAHUN 82L/4E British Newfoundland 40 (1978) basal X silt; water; rock
Exploration Ltd.

DUO 82L/4E E&B Explorations Ltd. 100 (1978) basal X silt scintillometer
SH,AS 82L/7W Stanholm Silver Mines Ltd. 35(1972) pegmatite 345 m

15(1973)

JEN JEN 82L/11W Union Oil Co. of Canada 117 (1978) basal X soil; water; rock gamma ray spectrometer
Ltd.

SYPHON 82L/11W, Banqwest Resources Ltd. 69 (1978) vein water; soil radiometric
14W

CRAN 82L/16E Cajac Explorations Ltd. 84 (1978) pegmatite X scintillometer; X
(Noranda option) airborne gamma ray

spectrometry
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REXSPAR 82M/12W Consolidated Rexspar
Minerals and Chemicals

Ltd. (1969,1970,1972,
1973,1975,1976)

BULLION 82M/12W Granby Mining Co. Ltd.
(1969)

J. Arden (1975)

Copper Lake Exploration
Ltd. (1977)

NTS 82M

40 Crown volcanogenic
grants and
337 located

claims (1969);
265 located
(1972);225

located (1973)

16 (1969)

x radon; soils induced polarization;
scintillometer

x 4520m

x scintillometer 240 m

15(1975)

10 (1977)

WAS 921/1 Canadian Occidental

Petroleum Ltd.

NTS 921

36 (1978) X silt; water

NTS 92H

BEE 92H/5W Jet.Star Resources Ltd. 8 (1978) pegmatite X soil radiometric X diamond, 86 m

McNULTY 92H/8E Lacana Mining Corp. 30 (1977) basal X water scintillometer percussion, 430 m
30 (1978)

FIN 92H/9E Canadian Occidental 40 (1978) X silt; water
Petroleum Ltd.

LINK 92H/9E Canadian Occidental 42 (1978) X silt; water
Petroleum Ltd.

GLAD 92H/9W Canadian Occidental 4 modified X silt; water
. Petroleum Ltd. grid system

UP 92H/9W,10E Cominco Ltd. 100 (1977) sandstone diamond,304.8 IT!



FOX 921/2E

RAD 921/5E

EMM 92N/16

JAY 920/14E

Canadian Occidental
Petroleum Ltd.

Highland Lode Mines

Kelvin Energy Ltd.

Kelvin Energy Ltd.

BAF 92P/5E, &N Pacific Petroleums Ltd.

ALEXANDRIA 93B/10E

~ BUCK RIDGE 93B/16W

Texasgulf Inc.

Texasgulf Inc.

12 (1978)

75 (1976)

66 (1978)

208 (1978)

620 (1978)

30 (1978)

40 (1978)

basal?

basal?

X

NTS 92N

NTS 920

NTS 92P

basal X

NTS 938

1

silt; water

radiometric diamond. 68.4 m

track etch; soil scintillometer; VLF;
airborne magnetometer;

electromagnetic

track etch; soil scintillometer; VLF;
airborne magnetometer;

electromagnetic

water induced polarization;
magnetometer;
scintillometer

diamond, 249 m;
percussion, 1 289 m

water

water



cor.) NTS 93C

BEE, EFF,
GEE

93C/1, 2E 1 400 (1978)Kelvin Energy Ltd. basal? track etch; soil scintillometer;
airborne magnetometer;
airborne scintillometer

overburden

NTS 93F

RON 93F /9E Denison Mines Ltd. 4 modified basal? X soil; rock; water scintillometer
grid system

(1978)

SWAN 93F/9E E&B Explorations Ltd. 20 (1978) basal? 225 m

GY 93F /9E E&B Explorations Ltd. 820 (1978) basal? X 615.2 m

CABIN 93F /9W Shell Canada Resources 260 (1978) basal? X siIt; water; rock diamond, 187.4 m
Ltd.

RUP 93F /9W Denison Mines Ltd. 11 modified basal? X soil; rock; water scintillometer rotary, 265 m
grid system

( 1978)

JIM 93F/10W Denison Mines Ltd. 20 (1978) basal? X soil; rock; water scintillometer

BIN 93F/13E Dome Exploration 116 (1978) X soil; silt airborne scintillometer
(Canada) Ltd.

SWAB 93F /15W Dome Exploration 80 (1978) X soil; silt airborne scintillometer; diamond, 230 m
(Canada) Ltd. magneto meter

NIT 93F/15W Dome Exploration 20 (1978) X soil; silt airborne scintillometer
(Canada) Ltd.

LILY 93F /15E Canex Placer Ltd. (1977, 11 modified basal? diamond, 500 m;
1978) grid system percussion, 45 m

TAIGA 93F/15E Denison Mines Ltd. 14 modified basal? X soil; rock; water rotary,381 m
grid system

(1978)

GREER, 93F/16W Shell Canada Resources 10 modified basal? silt; water diamond, 822 m
KLUSKUS Ltd. grid system

(1978)

GRABEN 93F/16W Denison Mines Ltd. 40 (19781 basal? X soil; water; rock scintillometer; VLF rotary,91 m



~

NTS 93H

UG, LAD 93H/13W Zulu Exploration Ltd. 148 (1974) sandstone
-coal

diamond, 975 m

NTS 93N

co
W LONNIE 93N/9W Manson Lake Mines Ltd.

C. Powney (1977)
8 (1970) carbonatite
2 (1977)

X

GAP 93F /16W Denison Mines Ltd. 6 modified basal? X soil; rock; water scintillometer rotary, 354 m
grid system

(1978)

WELCH, 93F/16W Shell Canada Resources 416 (1978) basal? X diamond, 598 m
STONY Ltd.

EN 93F/16W, E&B Explorations Ltd. 380 (1978) basal? X X diamond, 620.1 m
15E

ER 93F/16E E&B Explorations Ltd. 600 (1978) basal? X X diamond, 463.8 m

NTS 93K

LOY, LlZ, 93K/1 Denison Mines Ltd. 6 modified basal? X soil; rock; water scintillometer diamond, 163.5 m
JAN grid system

(1978)

STELLA 93K/2E Himac Resources Ltd. 120 (1978) percussion, 640 m
ENDEX 93K/2W Placer Development Ltd. 48 (1978) soil; silt scintillometer

SAVORY 93K/3 Placer Development Ltd. 177 (1978) stockwork rock; water; silt scintillometer
RIDGE Mo

LOON 93K/3E Placer Development Ltd. 64 (1978) stockwork diamond, 567.2 m
Mo



~ SMOKE 93N/11W 36 (1974)
4 (1977)

Anglo-Bomarc Mines Ltd. stockwork
Cu,Mo

soil magneto meter x

NTS104N

CX, FOX 104N/10 Placer Development Ltd. 12 modified X silt; water; soil; airborne magnetic; overburden, 112.6 m
(1977,1978) grid system track etch radiometric; seismic

(1977)

SNOWBIRD 1 04N/1 OW Union Oil Co. of Canada 260 (1977) stockwork, X soil; silt; rock VLF; magnetometer; 450 m
Ltd. 100 (1978) vein scintillometer

EVA 104N/1OW Union Oil Co. of Canada 16 (1978) stockwork, X soil radiometric
Ltd. vein

SAL 104N/1OW. Mattagami Lake Mines Ltd. 18 (1978) stockwork, silt; rock
11E vein

CV 104N/10W. Mattagami Lake Mines Ltd. 16 modifiad stockwork, water; silt; rock; radon; scintillometer;
11E grid system vein soil VLF-EM;

(1977) induced polarization

MONT 104N/11 E Union Oil Co. of Canada 36 (1977) stockwork, X soil; water; rock scintillometer
Ltd. 36 (1978) vein

SLA 104N/11 E Union Oil Co. of Canada 12(1978) stockwork, X soil; water; silt scintillometer
Ltd. vein

RU, ZAPU 104N/11W Union Oil Co. of Canada 38 (1978) stockwork, X soil; silt; water; scintillometer
Ltd. vein and rock

basal

PURPLE 104N/11W Union Oil Co. of Canada 36 (1977) stock work , X soil; rock; water scintillometer
ROSE Ltd. 36 (1978) vein

RUST 104N/11W United Rayore Gas Ltd. 38 (1977) stockwork, X soil; silt gamma ray spectrometer
38 (1978) vein

HUSSELBEE 104N/12W Jason Explorers Ltd. 25 (1969) skarn X

IRA 104N/14 Union Oil Co. of Canada 67 (1977) stockwork, X soil; silt; water gamma ray spectrometer
Ltd. (1977) vein

R. H. Seraphim (1978) 67 (1978)

TUPA 104N/14E Union Oil Co. of Canada 20 (1977) stockwork, X soil; silt scintillometer
Ltd. 20 (1978) vein
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APPENDIX 4.2. ANNOTATED LIST OF RADIOACTIVE OCCURRENCES

IN BRITISH COLUMBIA

More than 60 radioactive occurrences have been recorded in British Columbia. These include several types

of deposits and contain various radioactive minerals.

The abbreviations below have been used in all references:

- Assessment Report, on file with the B.C. Department of Mines and Petroleum
Resources

Annual Report, Ministerof Minesand Petroleum Resources, B.C.
Bulletin, B.C. Department of Mines and Petroleum Resources

Economic Geology Series No. 16, 1952, Geological Survey of Canada

Economic Geology Series No. 16, 1962, Geological Survey of Canada

Economic Geology Series No. 18, Geological Survey of Canada

Economic GeologySeriesNo.27,GeologicalSurveyof Canada
Geology, Exploration and Mining in British Columbia, B.C. Department of Mines
and Petroleum Resources

Memoir 223, revised edition, GeologicalSurvey of Canada
Property map, 1949, on file with the B.C. Department of Mines and Petroleum
Resources

Summary Report, 1932, Part A, Geological Survey of Canada

Occurrences are listed according to NTS map designations. Numbers in brackets after properties refer to

locations shown on the accompanying map, Figure 4.2.

82E/1W

82E/2W

82E/5W

SD (1) (490 07.4' . 1180 23.4') - On the ridge between Toronto and Snowball Creeks, 4
kilometres east of Granby River and 10.5 kilometres north-northeast of Grand Forks.

Scattered uraninite and some uranophane occur in pegmatite in gneiss. GEM 1970,p.
432; AS 3172.

DOLO (2) (490 01.3' - 1180 57.9') - At 1 065 metres elevation, south of Myers Creek,

5.6 kilometres south of Rock Creek. Magnesium, tungsten, and thorium reported in
dolomite. GEM 1970, p. 411.

RENO (3) (490 20' - 119048') - On MarselCreek, 14 kilometres north of Keremeos and
2.4 kilometres above Keremeos Creek. Possible columbite in black chert associated with

serpentinized olivine pyroxenite. GEM 1974, p. 55; AS 5005.

85

(1) AS

(2) BCAR
(3) Bull.
(4) EG 16, 1952
(5) EG 16,1962
(6) EG 18
(7) EG 27
(8) GEM

(9) Mem.223(R)

(10) PM 1949

(11) Sum. Rpt.



82E!10W SAND, CUP, LASSIE (4) (49036.3'.118047.4') - OnSandriftandCopperkettleCreeks
between 870 and 1 310 metres elevation, 6.4 to 13 kilometres north of Christian Valley.
Some radioactive mineralization found in volcanic rocks and in crosscutting intrusive
dykes. GEM 1970, p. 410; AS 2482.

82E!10W FUKI - DONEN(5) (49032.4' . 118052.9') - On DearCreek, 17.6 kilometres northeast
of Beaverdell. Secondary radioactive mineralization is found in Tertiary sedimentary
rocks in a stream valley buried under Tertiary lava. GEM 1969, p. 302; AS 2013, 2484,
3135, 3775, 4630.

82E!11 E, 6E CARMI MOLYBDENUM(6) (49029.0'. 119008.8') - Between 1 800 and 2 700 metres
elevation on Wilkinson Creek near Carmi, 13 kilometres northwest of Beaverdell.
Uraninite, associated with purple fluorite, as disseminated grains in gneissicgranodiorite
breccia. AS 5208.

82E!11E, 14E PB 81-179 (7) (490 45.5' - 1190 07.7' - At 1 190 metres elevation, 27 kilometres
southeast of Kelowna, astride the Canadian Pacific Railway line. Radioactivity anomaly
in thin basal sandstones and conglomerates, and locally in overlyingvesicular basalt. GEM
1973, p. 52; AS 4629.

82F!1W LUCKY (8) (490 07.5' - 1160 26.5') - At the junction of Arrow Creek and Goat River.
Thorite has been reported. EG 16, 1962, p. 234.

82F!3E MOLLY (9) (49005' - 11~ 12') - On Lost Creek south of Salmo. Uraninite was detected

with molybdenum-tungsten mineralization in skarn. EG 16,1952, p. 45; Bull.41, p. 132.

82F!4E MOTA (10) (490 13.8' - 11~ 42') - On China Creek, 1.3 kilometres west of the
Trail-CastlegarHighway.Uraninite isfound in pegmatite. BCAR 1968, p. 239.

82F!4W GIANT - COXEY (11) (490 05.3' - 1170 49.7') - On the west slope of Red Mountain,
2.4 kilometres northwest of Rossland. Some radioactivity is reported with molybdenite
mineralization. EG 16,1952, p. 44; BCAR 1966, p. 200.

82F!5E GIBSON CREEK GOLD MINE (12) (490 22' - 11~ 38.5') - At about 915 metres
elevation, 5 kilometres north of Castlegar.Uraninite occurs in granitic rocks. Assaysup to
0.11 per cent U3Os across 0.6 metre are reported. BCAR 1955, p. 50.

82F!5E LUCKY BOY (13) (490 27.7' - 117037') - About 2.4 kilometres northwest of Krestova.
Scattered grains of samarskite are found in pegmatite pods in syenite gneiss. BCAR 1956,
p.77.

82F!6W LUCKY, BILL, TAG (14) (490 29.5' - 1170 23.5') - On Kootenay River near the
Canadian Pacific Railway bridge at Sproule Creek. Uraninite occurs in pegmatite. EG 16,
1962, p. 234.
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82F/8E

82F/11W

82K/4E

82K/6W

82K/9W

82K/9W

82K/15W

82K/15W

82K/15E

82L/2W

82L/2W

82L/6E

82L/7W

CARIBOO (15) (490 22' - 1160 10') - At the head of the north fork of Moyie Creek.

Radioactivity was detected in galena-sphalerite-scheelitemineralization. BCAR 1969, p.
347.

TRY AGAIN (LEMON CREEK) (16) (49042' , 11~ 26') - On Lemon Creek about 3.2

kilometres from the highway and 8 kilometres south of Slocan. Allanite and

fergusonite (?) are found in pegmatite. BCAR 1955, p. 65.

STA - TITE (ARROW LAKE) (17) (500 14' -11~ 58')- On a tributary of Arrow Park

Creek, 14.4 kilometres north of Arrow Park. Uranium and thorium were detected in
samplesfrom a narrow seamin granite. BCAR 1954, p. 142.

LUCKY JACK - BULLOCK (18) (500 24.5' , 11~ 07.5') - About 0.8 kilometre south

of Poplar Creek settlement. Uranium indicated in somesamples.BCAR1952,p.191.

ICE 9 (ANNETTE, SLIDE) (19) (500 38.5' , 1160 30.0' - On Forster Creek, at

elevations 1 460 to 2 746 metres, 37 kilometres west of Radium Hotsprings. Geochemical

anomalies of molybdenum, uranium, and possibly niobium in granite and meta-

sedimentary rocks. GEM 1971, p. 426; AS 3222.

FORSTER CREEK (20a) (500 39' - 1160 21',27') - Gravels contain uraninite,

pyrochlore, and other radioactive minerals derived from a granite pluton at the head of
the creek. EG 18, 1958, p. 28.

VOWELL CREEK (20b) (50050' - 116045'.50') - As for Forster Creek.

MALLOY CREEK (20c) (50050' - 116052') - As for Forster Creek.

BUGABOO CREEK (20d) (50044'-50' - 116042') - As for Forster Creek.

VAL (21) (50004' - 1180 55' approximately) - On Vidler Creek near Lumby. Uranium

has been reported in Tertiary sandstones,conglomerates, and tuffaceous arkoses. BCAR
1968, p. 222.

SPAR (22) (500 14.8' - 118048.5') - On the hill north and east of Blue SpringsCreek,
11.2 kilometres east of Lumby. Monazite occurs in irregular patches in pegmatite in

Shuswap rocks. One sample showed U30S = 0.044 andTh02 = 0.069.GEM 1971,p.
431; AS 3434.

BRETT - BIRD (23) (50028.5' - 119006.5') - On SneezbyCreek, 1.6 kilometres eastof

Highway 97A, 7 kilometres north of Armstrong. Uraninite (?) reported in pegmatite. EG
16, 1952, p. 44; BCAR 1950, p. 226; AS 49.

SH, AS (24) (500 18' - 1180 49') - Twelve kilometres northeast of Lumby, extending

north-northwest from Shuswap Falls. Uraninite mineralization associatedwith pegmatite.
GEM 1973, p. 101.
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82M/12W

82M/12W

82M/12W

82M/12W

82M/16E

82N/1W

82N/1 W

82N17W

83D/6E

92F/16W

92H/3E

88

REXSPAR (25) (510 33' - 1190 55') - At about 915 metreselevation on the eastside of

Foghorn Creek, 5 kilometres south of Birch Island. Several radioactive minerals occur

with fluorite and celestite in trachyte (?). BCAR 1954, p. 108; CanadianMining Journal,
July 1956, p. 59; EG 16,1962, p. 205; AS 2337, 2340.

BULLION (26) (510 34.3' - 1190 51.5') - At the mouth of lute Creek. Similar to

Rexspar. BCAR 1968, p. 164.

RAY (27) (510 32' - 1190 55') - At head of Foghorn Creek. Uranium and fluorite
reported. BCAR 1968, p. 165.

MY, RAY (28) (510 37' - 1190 55') - At Birch Island, on the north side of the North

Thompson River, between Raft River and Crossing Creek. Two small radioactivity
anomalies (uranium and thorium) reported by airborne gamma ray survey. BCAR 1968,
p. 165; AS 1737.

TRIDENT CREEK (29) (510 56.9' - 118003.9') - At mouth of Trident Creek where it

enters Kinbasket lake (Columbia River). Radioactive minerals reported in delta believed

to originate from nepheline syenite near headof creek. BCAR 1959, p. 104.

DEMON, COLTI (30) (510 11.5' - 116020.6') - Near the headof MooseCreek, about 43
kilometres southeast of Golden. Radioactive mineralization, largely thorium bearing,
occurs in an igneouscomplex. BCAR 1954, p. 150.

WATERLOO (31) (510 10.0' - 116022.9') - At approximately 2 130 metreselevation at

headof MooseCreek,48 kilometres southeastof Golden. Some uranium minerals present
in limestone and calcareousshale.GEM 1970, p. 467; GEM 1972, p. 94.

KING DAVID (32) (510 18.1' - 116052.9') - Along Kicking Horse River, approximately
7 kilometres upstream from Golden. Weak radioactivity anomaly with occasionalvalues
in germanium, zirconium, and uranium. AS 184.

VERITY - PARADISE (33) (520 24' - 1190 09.7') - East of the Canadian National

Railwaytracks at Mile 109, 37 kilometresnorth of Blue River. Uranian pyrochlore and

columbite occur in a 'carbonatite' layer in gneiss. BCAR 1950,p. 229;BCAR1952,p.
115; BCAR 1954, p. 111; EG 18,1958, p. 31; AS 1630.

lANG BAY (GE) (34) (490 48' - 1240 19') - On lang Creek, above lang Bay, 22
kilometres southeast of Powell River. Germanium occurs in thin sparse streaks of lignite
coal and in carbonaceous shale. BCAR 1949, p. 218; BCAR 1959, p. 127.

INTERNATIONAL (35) (49000.4' - 121008.5') - At the headof Galene Creek near the
International Boundary. Carnotite (?) has been reported in lead mineralization. BCAR
1938, p. F22; EG 16,1961, p. 233.



92H/3E

92H/6W

921/2E

921/4W

921/4W

921/5E

921/10E

92J/9E

92J/15W

92J/15W

92K/3E

AM (36) (490 09.8' - 1210 01.3') - Five kilometres south of Highway 3 near the west

boundary of Manning Park. Uraninite and monazite have been identified with copper
mineralization. BCAR 1949, p. 210; BCAR 1954, p. 152; AS 4074, 4075.

HOPE (37) (490 23' - 1210 26') - Black sand from the Hope area is said to have
contained radioactive material. EG 16, 1952, p. 45.

COPPERADO (38) (500 12' . 1200 36') - About 8 kilometres north of the outlet of

Nicola Lake. Allanite occurs in pegmatite. BCAR 1949, p. 120.

ROSYD (BOTANIE OCCURRENCE) (39) (500 15' - 1210 34') - On the east bank of
Thompson River 1.6 kilometres north of Lytton. A sample from a shear in limestone
contained U3Os = 0.062 and Th02 =0.001. BCAR 1955, p. 34.

LYTTON BAR (39) (500 15' - 1210 36') - Placer concentrate from Lytton Bar, on the
west side of Fraser River 1.6 kilometres upstream from Lytton, contained 0.16 per cent

U3Os equivalent. BCAR 1948, p. 180.

ORLEAN (PAQUET OCCURRENCE) (39) (500 19.5' - 1210 39') - In a road cut 11.7

kilometres north of Lytton on the highway to Lillooet. Metazeunerite was identified in

copper-stained material from a shear zone in slate. BCAR1955,p. 33.

COPPER KING (40) (500 42.3' . 1200 35.6') - Just north of Highway 1 about 25
kilometres west of Kamloops. Minor amounts of pitchblende occur in patches and

veinlets with copper sulphides and magnetite in a shear zone at the entrance to the open

cut into the glory hole of the old workings. Memoir 249, p. 109, Geological Survey of
Canada; AS 3800, 3823.

INDEX (41) (50031.7' - 122000') - On the summit between the north fork of Texas and

Cottonwood Creeks. Low-grade radioactive samples were found with molybdenum

mineralization in granite. BCAR 1949, p. 113.

GEM (LITTLE GEM) (42) (500 53.8' - 1220 57.7') - On Roxy Creek. Uraninite and
allanite occur with cobalt-gold mineralization in pegmatite. Assays up to 1.89 per cent

U30S equivalent across 60 inches were obtained. BCAR 1948, p. 112; EG 16,1952, p.
43.

COBALT (PACIFIC GOLD AND ,URANIUM) (42) (500 53.8' - 1220 57.7') - Sur-
rounding the Gem and similar in nature. EG 16, 1952, p. 44.

RADIUM (GEILER) (QUADRA ISLAND OCCURRENCE) (43) (50004' - 125" 13') -

North end of Gowland Harbour, Ouadra Island, 8 kilometres north of Campbell River.

Small seams of carnotite found in crevices in volcanic rocks. BCAR 1932, p. 208; EG 16,
1952, p. 45; Sum. Rpt., p. 54.
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TASEKO- MOHAWK(MOTHERLODE- MOHAWK)(44) (51006' -1230 23') - At
1 980 metres elevation on spur between Gibson (Granite) Creek and Taseko River. High
count with geiger counter. Property underlain by quartz diorite. EG 16, 1952, p.44;
GEM 1970, p. 213 (ref.).

EAGLET (45) (520 34.1' - 1200 58.6') - On the east side of Quesnel lake at the mouth

of Wasko Creek, 3.2 kilometres northeast of the point at the junction of the north arm
and main lake. Allanite is found with fluorite and other minerals in pegmatite gneiss.

BCAR 1965, p. 263.

QUESNEL RIVER (46) (530 00' - 1220 17') - Monazite was reported in placer sand
from workings 13 kilometres above Fraser River. EG 16, 1962, p. 235.

PROMISE WELL (47) (520 06.4' - 1270 45') - Pegmatite showed 0.0065 per cent
uranium oxide equivalent. BCAR 1953, p. 166.

ABE (MOLLY) (48) (530 59.2' - 1240 51.7') - On the north slope of Nithi Mountain,

9.6 kilometres south of Fraser lake. Sabugalite and torbernite occur in fractures and

cavities in a rhyolite porphyry dyke in granite. BCAR 1955, p. 28; BCAR 1956, p. 28.

McBRIDE (49) (53" 18' - 1200 12') - Placer sand from near McBride was reported to be

radioactive, probably due to thorium. EG 16,1962, p. 235.

GOLD - THORIUM CLAIM (50) (530 58' -1210 39') - As for McBride.EG 16,1952,
p.45.

UG, LAD (51) (53" 49' - 121053') - Fifty-six kilometres east-southeast of Prince George
along Bowron River at approximately 750 metres elevation. Uranium and germanium in
shale beds below coal seams containing uranium, germanium, and resin. GEM 1974, p.
251.

GISCOME (JHG, SAMSON) (52) (540 03.6' - 1220 20.0') - Approximately 2.4
kilometres east of Giscome,just south of Eaglet lake and the Canadian National Railway
line. Uranium-bearing vein reported in gneissic granite. Niobium associated with galena
and sphalerite in skarn also reported. P M 1949; GEM 1974, p. 251.

VICTORIA (53) (550 10.4' - 12~ 38.9') - On the northwest slope of Rocher Oeboule
Mountain, 8 kilometres south of Hazelton. Uraninite and allanite occur with sulphides in

veins in granodiorite. BCAR 1949, p. 82; Bull. 43, p. 69; EG 16, 1952,p. 42.

RED ROSE (53) (55" 08.4' - 12~ 36') - Between Armagosa and Red Rose Creeks.

Uraninite occurs with other minerals, particularly molybdenite in veins. Bull. 43, p. 54;
EG 16,1952, p. 42.

HIGHLAND BOY (53) (55" 10' - 12~ 37') - On upper Juniper Creek. Uraninite is
found in a complex deposit. Bull. 43, p. 53; EG 16, 1952, p. 41.
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ROCHER DEBOULE (53) (55" 09.5' - 121' 38.6') - At the head of Juniper Creek, 8
kilometres south of Hazelton. Uraninite occurs in veins with other minerals. Bull. 43, p.

59; EG 16, 1952, p. 42.

BLACK PRINCE (54) (55" 10.2' - 1270 33.8') - At 1 370 metres elevation at the head

of Mudflat Creek, 8.8 kilometres south-southwest of New Hazelton. Minor radioactivity
associatedwith scheelite in shearzones in porphyritic granodiorite. Mem. 223(R), p. 30;
Bull. 43, p. 48.

BLUE LAKE (54) (55" 10.2' - 121' 34.2') - Just west of Black Prince at 1 615 metres

elevation. Similar to Black Prince. Mem. 223(RI. p. 32; Bull. 43, p. 49.

GOLDEN WONDER (54) (55" 11.1' - 121' 42.0') - At foot of Rocher Deboule, at 400

metres elevation, 0.8 kilometre southeast of Highway 16 and 11 kilometres southwest of
New Hazelton. Minor uranium associatedwith thin sulphide lensesin narrow fissure zones
in tufts. Mem. 223(R), p. 44; EG 16, 1952, p. 41.

LONNIE (55) (55" 41' - 1240 22.5') - On the southeast side of Granite Creek, 2.4
kilometres from the Manson Creek road. Uraniferous pyrochlore is found in a carbonate
complex. BCAR 1954, p. 96; BCAR 1955, p. 29; EG 18, p. 29.

VIRGIL (56) (55044' - 1240 27') - On west flank of Wolverine Range at 1 680 metres
elevation, 11 kilometres northwest of MansonCreek. Niobium plus minor uranium values
associatedwith a syenite-carbonatecomplex. GEM1974,p. 278;EG18,p. 29.

SMOKE (57) (55" 35' - 125" 18') - At 1 220 metres elevation, 24 kilometres

west-southwest of Germansen Lake, 6.4 kilometres north of the junction of Kwanika and

West Kwanika Creeks. Uraninite locally in quartz stringers in widely spaced fractures in a

small alaskite plug (intruding granite). GEM 1974, p. 280; AS 5372.

TOR CLAIMS (58) (51' 17.7' - 1260 01.5') - Near headwaters of Pelly Creek, 40
kilometres west of Fort Ware. High radiation zones, partly attributable to hafnium in

zircon, associated mainly with silicified limestone. No uranium, thorium, or radium
found. AS 218.

SPRINGIRON LAKE (GATAGA RIVER) (59) (51' 58' - 125045') - Near headwaters

of the south fork of the Gataga River, 2.4 kilometres north of Springiron Lake. Minor
uranium and vanadium in gossanassociatedwith grey shale.EG 27, p. 49.

DALL LAKE (60) (580 34.8' - 121' 32.2') - Radioactive float wasfound in a creek. EG
16, 1952, p. 44.

LlARD RIVER HOTSPRINGS (61) (590 26' - 126006') - At Mile 497 on the Alaska

Highway. Radioactivity was detected in the water and tufa at the hotsprings.

91



94N/12W

104N/11W

104N/12W

104N/10W

104N/11E

82E/10W

82E/14E

92

--

WISHING WEll (DEER RIVER SPRINGS) (62) (59° 31' - 12~ 57') - Ten kilo-

metres northwest of the Liard River, 22 kilometres north-northwest of Prudence

Mountain. Mildly radioactive calcareous tu fa from slightly radioactive cool springs.

PURPLE ROSE - FISHER (CRACKER CREEK) (63) (59° 44' - 133° 18') - At 1 525

to 1 830 metres elevation between Cracker, Ruby, and Boulder Creeks. Minor zeunerite
and metazeunerite occur with quartz in Cretaceous alaskite. Selected sample contained

0.088 - 0.059 U3Os. BCAR 1955, p. 7.

HUSSElBEE (BEAVER) (64) (59° 42.1' - 133° 51.8') - On the west side of Atlin Lake

just south of Deep Bay, about 19 kilometres north of Atlin. Uraninite occurs with pyrite,

fluorite, and galena in amphibolite. BCAR 1953, p.79.

MlR (65) (59° 42' - 132° 52') - At 1860 metres elevation 7 kilometres west of Trout

lake. Kasolite in fractures with base metals in medium to coarse-grained alaskite of the

Surprise Lake batholith. BCMEMPR Geological Fieldwork, 1978, p. 106.

CY, ENG (66) (59° 40' - 133°) - At 1 700 metres elevation near Mount Weir,40 kilo-
metres east of Atlin. Zeunerite occurs in fracture zones with various base metals and iron

oxides in alaskitic quartz monzonite of the Surprise lake batholith. BCMEMPR Geolog-

ical Fieldwork, 1978, p. 106.

BLIZZARD (67) (49° 37' - 118° 55') - Eleven kilometres northwest of Christian

Valley adjoining the north ends of Joan lake and lassie Lake. Autunite and saleeite
occur in carbonaceous sediments of a paleostream channel capped by olivine plateau

basalt. Reserves: 2.1 million tonnes of 0.226 per cent U3 °8, BCMEMPR Preliminary
Map 29.

KETTLE (HYDRAULIC lAKE) (68) (49° 48' - 119° 12') - Twenty-onekilometres
east-southeast of Kelowna, northwest of Hydraulic Lake. Ningyoite and gummite are

associated with marcasite in unconsolidated carbonaceous sediments, partly capped by

plateau basalt. BCMEMPR Preliminary Map 29.
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APPENDIX 6.1

Mr. .J.E. McHynn,

Deputy Minister.

October 3rd 74

~ 7:ft F-<c

Re: Federal-Provincial Uranium Reconnaissance ProRramme

A meeting on September30th, 1974. took placeat the G.S.C.
Board Room in Ottawa, in which all Provinces, the G.S.C. and other
Federal agencies vere present. The attached outline covers most
sspects of the discU8aion other than that on techniques and the
responses of the Provincial representatives. You vill note that it
is proposed that in British Columbia the programme will be entirely
geochem1cal; that it is proposed about half the Province be surveyed;
that "it is expected this may take ten years and that the Provincial
half share of the cost would be $92,SOO/yearly.

COImIenta and reccauendation8:

I recommend ve participate in the programme for the following
reasona, which are not completely identical with those. of the Federal
Government.

(1) To appraise the uranium re80urce for low grade material which
is expected to be economic in five to ten years, and to outline
favourable districts for detailed prospecting.

(2) To do the same for other metals and particularly lead and zinc
which occur in the same general terrain as uranium, but not in
similar geological settings. The cost of analysing for twelve
to sixteen metals is not significantly different than just
uranium and thorium. Our inferred reserves of lead and zinc
are much lower than those of copper and molybdenum and need to be
augmented.

(3) Regional seochemical data could be used to guide and to add

rigor to our evaluation for mineral deposit land-use maps.

(4) The Federal funds are available now. Some of the Provinceswish
to apeed up their spending and the rate of production ao that

they might take up the available fund for four to five years if
we do not indicatea serious interestnow.
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Hr. J .E. McMynn,
DeputyMinister.

October 3rd, 1974.

(5) Contractors to do the collection or the analysis are
available in British Columbia and highly rated 60 that
the moneymightbe pumped into the Provincial economy.

Because of the lag time involved, the Geological Survey
would need to know preferably by 1st December, but certainly by
the first of the year, whether British Columbia can fund ita
ahare of such a geochemical programme.

~
A. SU'l'HERLANDBaOWN,
Deputy Chief Geologist, Geological Div.,

ASB/jr Hineral Resources Branch.

Encl: Report
Uranium Reconnaissance Programme

cc: Dr. J.T. Fyles
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APPENDIX 6.2

F-~

FRO" Dr. A. Sutherland Brown

. . .
PARLIAMENT SUILOtNGS. VICTORIA. 8RITISH COLUMBIA vey IX"

TO Dr. J. 1. Fyles

Re: Federal-Provincial Uranium Reconnaissance DATE.March 22,1976

Recent forecasts show that world demandfor uranium will outstrip production capacity
in the early 1980's.

The purpose of the U.R.P. is to provide for industry high quality reconnaissance
exploratory data to indicate areas where there is the greatest probability of finding
new uranium deposits, and to provide nationally consistent systematic data to serve
as a basis for resource appraisal.

The Geological Division of the B.C. Department of Mines and Petroleum Resources has
been consulted on technical aspects of the program since its inception. we set priorities
in the areas to be surveyed (see map),webroadenedthe programto include reconnaissance
for other metal, particularly lead and zinc, for which reserves in the province are mostly
developed, we were consulted at every step last year on the orientation surveys even though
we eventually did not join the program and we have been shown the data. Therefore at the
technical level we have had only the best cooperation.

This division is not well prepared to carry out a similar program on its own for
several reasons:

1) Wedo not have a geochemical section even though most of our geologists are
well qualified in this field and our laboratory is capable.

2) Wedid not carry out the orientation survey which is a necessary step to the
design of an extensive survey.

3) Wehave not been involved in designing the control programs that are necessary
in such a proj~ct in which sample collection and analysis are let by contract
to two separate firms.

Benefits accruing to the Province, the B.C. Governmentand the Department from
joining in the program are as follows:

1) The survey will produce reconnaissance data for 12 metals, notably uranium,
lead and zinc that will stimulate exploration by indicating areas of high
potential for future discovery.

2) The data will be important for resource appraisal for governments.
3) The survey will increase the expertise and capability of the B.C. Department,

especially in regard to designing and executing control programs.
4) The contracts for sample collection and for chemical analysis are likely to

be B.C. firms because of both logistics and the fact that B.C. geochemical
firms are amongthe most capable.

THE GOVER ENT OF THE PROVINCE OF BRITISH COLu..BIA
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APPENDIX 6.3

CANADA- BRITISH COLUMBIA

URANIUMRECONNAISSANCEAGREEMENT,1976

THIS AGREEMENTmade this
.:2-7 -i dayof a.~..J" 1976

BEn/EEN THEGOVERNMENTOFCANADA.
(hereinafter referred to as "eAI/ADA")
represented by the Minister of
Energy, ~ines and Resources

AND

OF THE FIRST PART

THE GOVERNMENTOF THE PROVINCEOF
BRITISII COLUMBIA(hereinafter
referred to as "the Province")
represented by the Minister of Mines
and Petroleum Resources

OF THE SECONDPART

WHEREASCanadaand the Province agreed in principle at the

Canadian Ministerial Conference on Mineral Policy on December6. 1974.
with the establishment of a Uranium Reconnaissance Program to facilttate
and encourage exploration. for uranium in the Province~

ANDWHEREASCanadaand the Province desire to share equally
in the cost of this work;

ANDWHEREASthe Governor in Council by Order in Council

P.S. 1976-2/2096 of the 25th day of August. 1976 has authorized

the Federal Minister to execute this A9reement on behalf of Canada;

ANDWHEREASthe Lieutenant Governor in Council by Order in
Council No. 1615 of the 21st day of May. 1976. has authorized the Minister

of Mines and Petroleum Resources to execute this Agreenent on.behalf of the
~~ioce; .

NOWTHEREFOREthe parties hereto agree as follows:

1. DEFINITIONS

In this Agreement:

(a) "Federal Minister" meansthe Minister of Energy.Minesand
Resourcesof Canadaand includes any person authorized to
act on his behalf;

(b) "Provincial Minister" meansthe Minister of Minesand
Petroleum Resources of British Columbiaand includes a~
person authorized to act on his behalf;

(c) "Fiscal year" means the period commencingon April 1st of a~
year and terminating on March31st of the following year;

(d) "~~nagementCommittee"means the committee established
pursuant to section 4.

(e) "Ministers" means the Federal Minister and the Provincial
Minister;

(f) "Program"meansthe UraniumReconnaissanceProgram;

(g) "Project" meansa specific scientific or technical activity
undertakenin relation to a defined area over a predetermined
period of time.
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2. PURPOSEOF THIS AGREEMENT

2.1 Canadaand the Provinceagree to establish a three-year programto
facilitate and encourage exploration for uranium in the Province.
The parties agree that the demandfor uranium is growing rapidly.
the total cost of satisfying this demandwill be very high. and
it is necessary to make arrangements to promote the most efficient
use of overall uranium exploration expenditures in order to achieve
the greatest possible rate of increase in proven uranium re~erves
for the minimumcost. It is further agreed that in order to exped-
ite discovery of newsupplies and simultaneously assist in the
appraisal of Canada's uranium resources. it is necessary to ensure
that systematic surveys to map the occurrence and distribution of
uranium are completed and published as rapidly as possible as a
basis for planning and action by government and industr,y.

2.2 Canada and the Province agree that the most appropriate and up-to-
date technology should be employed in order to maximize the prob-

ability of finding additional uranium within the shortest possible
time-span. It is further agreed that in the interest of efficiency
and long-termusefulness it is necessary to ensure that work is
performed to meet commonnational standards with respect to quality.
information densi~. and methods of reporting. for which purpose
minimumstandards and specifications established by the Geological
Survey of Canada shall be.used. These standards and specifications
shall formpart of any surveysundertakenunder this Agreement. .

2.3 Canadaand the Provinceagree that the principal activitY under
this Agreement shall be the execution of regional geoch8lical
sampling surveys. primarily directed towards the rapid recognition
and delineation of all areas where there is a possibility of dis-
covering additional uranium resources. It is further agreed that
if the ManagementCommitteedetermines that other ~pes of geoscience
survey must be employedin particular areas in order to achieve the
objective of the program. the ManagementCommitteehas a~thoritY to
reGuire them to be carried out. The ManagementCommitteeshall
have discretion as to the method or methods to be used in any g~ven
area.

2.4 Canada and the Province agree that the requirement of searching
fOr other metallic minerals as a complementaryactivi~ to the .

uranium program will be considered within the framework of the
program if so requested by the Provincial Minister. subject to the

Province being wholly responsible for any additional costs incurred.
Searching for other metallic minerals shall be construed to mean
undertaking work within or on material froma given area ~ich is
judged by the ManagementCommitteeto be additional to that
required to facilitate the discovery ofuranium in that area.
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2.5 Canadaand the Provinceagree that unless a unamimousrecommenda-

tion to the contrary is made by the ManagementCommittee, the
geochemical sampling density will be not more than one sample per
12.5 sq. km, excepting any surveys made over small areas required
to verify the effectiveness of the reconnaissance methods being
used. If the Province wishes unilaterally to employ a closer geo-
chemical sampling interval, the Provincial Minister may request
that such be undertaken, subject to the Province being wholly
responsible for the additional costs incurred.

2.6 Canada and the Province agree that the specifications contained in
Appendix 1 referring to r~ional geochemical surveys shall form the
basis of specifications for reconnaissance surveys carried out under
this Agreement.

2.7 The duration of the program shaH not exceed the 3-year period
from April 1, 1976 to March 31, 1979 inclusive, it being under-
stood and agreed that the actual duration of any project, within
the above time limits, shaH be determined by the "'nagement
COIIIIIittn .

3. COSTS
3.1 Subject to terms and conditions of this Agreement, Canada and the

Province agree to share equally the costs of the jDint program.
Canada's share of these costs will be limited to $300,000 and
the Province's share will be limited to $300,000.

3.2 Canada and the Province agree to the following schedule of annual
expenditures, to be shared equally:

in fiscal year 1976/77 $200,000
in fiscal year 1977/78 $200,000
in fiscal year 1978/79 $200,000

4. ADlUNISTRATlON AIIO ~NAGEMENT

4.1 The program shall be carried out under the general direction and
supervision of, and in accordance with schedules and procedures
set by, a ManagementCommittee, comprised of two representatives
of. the Department of Energy, Mines and Resources of Canada, one
of whomshall act as Co-chairman, and two representatives of the
Province, one of whomshall act as Co-chairman. One representative
in each party shall be a technical authority. In the event of a~
disagreement in the ManagementCOII1IIIittee.the lllatter shall be
referred to the Ministers whose decision shall be final.
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4.2 TheManagement Committee shall be responsible for the general

co-ordination of this Agreement. and included in its duties

shall be the following:

(a) selection and approval of areas and projects under this
Agreement;

(b) preparation of an annual plan of operations;

(c) monitoring of the implementation of the projects~

(d) review of the performance of the projects under this
Agreement;

(e) transfer of funds from one project to another where
appropriate. and consistent with the intent of this
Agreement;

(f) establishment of technical subcommittees to advise and
assist the Management Committee in monitoring and
implementing projects; the subcommittees may include
persons who are not members of the Management Committee;

(g) submission of annual progress reports to the Ministers;
and

(h) scheduling and authorization of the release of infonr~tion
gathered under this Agreement.

4.3 Each project under this Agreement shall be submitted for the approval

of the Management Committee and shall be described in an appropriate

project document which shall include the project name. the purpose.

the objectives. an outline of how the project is to be carried out.

and the cost.

4.4 Either Canada or the Province will arrange for the execution of those

projects approved by the Managanent Committee. In general. it is

intended that Canada will arrange for the execution of projects and

let contracts where it is economically or technically advantag,ous

to co-ordinate operations in more than one Province or where stand-

ardization of data between provinces and territories is essential
to achieve maximumvalue. It is intended that the Province will

arrange for the execution of more localized and detailed projects

and let any relevant contracts required to monitor the effectiveness

of reconnaissance surveys. and ensure the proper interpretation and

utilization of results by users. Subject to prior approval by the

Management Committee. either party may acquire. either by purchase

or rental. whichever is considered more appropriate by the Manage-

ment Com~ittee. aoy equipment required to monitor. assess. and

evaluate the approved projects.

5. FINANCIAL

5.1 Subject to the terms and conditions of this Agreement.~d subject

to the funds being made available by the Parliament of Canada, the

amount provided by Canada in respect of eligible costs of the

jointly approved projects shall not exceed $300.000.
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5.2 Subject to the terms and conditions of the Agreementand subject

to the funds being madeavailable by the Provincial Legislature
of British COlumbia.the amount provided by the Province in
respect of eligible costs of jointly approved projects shall
not exceed $300.000.

5.3 For eligible costs incurred under this Agreement. Canada shall

contribute fifty percent (50%) and the Province shall contribute

fifty percent (50S).

5.4 Eligible costs under this Agreementshall include only costs

directly related to approved projects. as determined by the
ManagementCommittee. Costs of the t~nagement Committeeare not
eligible costs.

5.5 Eligible costs for staff of the Province or Canadaassigned
to projects under this Agreementmay cover gross salaries and
employers' share of contributions for CanadaPension Plan and

UnemploymentInsurance benefits as well as ~easonable travel
expenses incurred in connection with such projects In accord-
ance with applicable travel directives.

5.6 Notwithstanding any other provision in this Agreement. all
obligations of Canada incurred by virtue of this Agreementshall
be subject to the Financial Administration Act of Canada.

6. CONTRACT PROCEDURES

6.1 All contracts for equipment. work or services shall be awarded
either by Canada or by the Province in accordance with recommenda-
tions and requirements authorized by the ManagementComaittee.
Unless the ManagementCommitteemakes a contrary recommendation.

contracts shall be awarded to the qualified and responsible
tenderer submitting the lowest evaluated bid.

6.2 In awarding contracts. Canada and/or the Province agree to retain

the services of Canadian firms or individuals and that preference

be given to those firms or individuals based in British Columbia

where consistent with econo~ and efficiency as determined by the

Management Committee.

6.~ All contracts for the.performance of projects shall be awarded
without discrimination by reason of race. sex. age. marital status.
colour. religion or political affiliations; it being agreed. how-
ever. that the foregoing shall not preclude measures designed to
benefit native people or disadvantaged groups in the area concerned.

- - --
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6.4 Thefollowing conditions relevant to employment shall apply in

respect of all projects carried out under this Agreement:

(a) labour shall be recruited through Canada Manpower
Centres unless the Management Committee considers
that this service cannot reasonably be provided;

(b) in the employment of persons on a project. there
shall be no discrimination by reason of race. sex.
age. marital status. colour. religion or political
affiliation; and

(c) the provisions of the labour Standards Arrangement
proposed by the Federal Department of labour in 1970
shall be applicable to this Agreement. it being under-
stood and agreed that to the extent there are higher
provincial standards applicable to particular occupa-
tions or regions, these higher provincial standards
shall apply.

7. PAYMENTPROCEDURES

7.1 Subject to sections 7.2 and 7.3, payments to the contract awarding
party shall be made promptly by the other party on the basis of
progress claims setting out the project costs actually incurred and
paid, submitted in a form satisfactory to the Ministers, bearing
an audit certificate, and certified by a responsible financial
officer of the contract awarding party.

7.2 In order to assist with the interim financing of the projects under
this Agreement, if the contract awarding party so requests, the
other party maymake interim payments:
(a) for the amountof funds required for the remainder of the

quarter of the fiscal year in which a project is approved,
based on a forecast prepared by the contract awarding
party of the funds required in that quarter, certified by
a responsible financial officer of the contract awarding
party and submitted in a form satisfactory to the Ministers;
and

(b) in subsequent quarters of the fiscal year further interim
payments maybe made to finance a share of expenditures in
connection with approved projects based on a forecast pre-
pared by the contract awarding party of the funds required
in that quarter, certified by a responsible financial
officer of the contract awarding party and submitted in a
form satisfactory to the Ministers.

7.3 The contract awarding party shall account for each quarterly interim
payment received under the provisions of section 7.2 by submitting
to the other party within the fOllowing quarter a detailed statement
of the expenditures actually incurred. This statement must be

endorsed by a responsible financial officer of the contract awarding
party and bear an audit certificate. Anydiscrepancy between the
amounts paid by the other party by way of interim progress p~ents
and the amount actually payable shall be promptly adjusted between
Canada and the Province.
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7.4 No interim payment shall be made in a subsequent fiscal year

until the fourth quarter's intcrim payment, ~ade in the previous

fiscal year, has been 1iquidated by claims for expenditures

actually incurred and paid, certified by a responsible financial

officer of the contract awarding party and bearing an audit

certificate, and any outstanding balance of the payment has been

repaid or accounted for in a form or in a manner satisfactory to
the Ministers.

8. EVALUATlOtl

8.1 During this Agreement, Canadaand the Province sha11 undertake an

assessmentof the effectiveness of the approvedprojects with regard
to stated objectives. Canadaand the Province shall provide each

other with such information as the other party mayreasonably require
in order to undertake such assessments.

9. PUBLIC INFO~'~TION

9.1 Canada and the Province sha11 Jointly share all the technical informa-

tion obtained as a resu1t of this Agreementand shalt develop a system
to disseminate this information as quickly and as widely as possible.

s1.!:£
AllYpub1ic announcementof the measur.;1covered by this Agreement
sha11 be arranged joint1y by the Ministers.

9.2

10. GEtlERAL

10.1 Canadaand the Province sha11 indemnify and save each other harmless

against and in respect of a11 liability to any persons or corpora-
tions arising out of each other's activity in financing the program.
and from, and in respect of a11 actions, proceedings. claims. d~ges.
costs and expenses whatsoever in relation thereto. but nothing herein
requires Canadaor the Province to indemnify and save each other
harmless from any acts or omissions of its owncontractors. or any
agent, servant, or workmanof such contractors.

10.2 No member of the House of Commonsor the Legislative Assembly shall

be admitted to any share or part of any contract agreement. or CQa-

mission made pursuant to this Agreement, or any benefits to arise
therefrom.
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IN WITNESSWHEREOFth;s Agreementhas been executed on behalf

of Canada by the Minister of Energy, M;nes and Resources, and on behalf

of the Province of Brit;sh Columb;a, by the M;n;ster of M;nes and

Petroleum Resources.

IN THEPRESENCE OF: GOVERNMENTOF CANADA

. -~ ;", .
.jj': /./z .-......
.11tness and Resources

GOVER/j~IE1!TOF THE PROVIIICEOF
BRITISH COlU~BIA
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APPENDIX 7. RADIONUCLIDE PROCEDURES FOR SOUTHERN BRITISH COLUMBIA

WATER-MONITORING PROJECT

Gross Alpha, Beta Activity

Gross alpha and gross beta activity measurements have been performed using a Canberra Model

2200 Low Levela, (j Analyser especially designed for environmental counting. This instrument consists

of an external proportional counter with an ultrathin detector window; the counter is completely surrounded

by 4 inches of virgin lead and requires ultrahigh purity P-10 counting gas (90 per cent argon - 10 per cent

methane). The instrument was calibrated for alpha activity by standardizing with an americium-241 source

purchased from New England Nuclear Limited. This americium-241 source was previouslycalibrated against
a United States National Bureau of Standards americium-241 alpha disc and had a total uncertainty of :!:4.8

per cent in its activity. The instrument wascalibrated for beta activity by standardizing with a Cs-137source

purchased from New England Nuclear Limited. This Cs-137had also been calibrated against a United States

National Bureau of Standards gamma source and had a total uncertainty of :!:4.2per cent in its activity.

In order to compensate for self-absorption effects in the counting planchets, alpha and beta

standards were prepared with a series of varying solids thickness. For these efficiency curves, the alpha

standard used was natural uranium and the beta standard was Cs-137. Experience has shown that the great

majority of alpha activity in southern British Columbia surface waters is due to uranium so that the use of

uranium as a standard would be expected to provide the most accurate results. The use of Cs-137 as a beta

standard is recommended by the reference source because its mean beta energy is a reasonable average of

the energies of the various beta emitters formed in the uranium and thorium decay series. The solids mixture

used to produce the efficiency curve consisted primarily of a mixture of organic compounds (primarily

sugars and acids) spiked with calcium and magnesium. This matrix would be expected to match well a

typical surface water from southern British Columbia as experience has shown that organic material con-

stitutes a large part of the dissolved solids content.

Experimental: A 200 ml aliquot of homogenized acid.preserved sample was evaporated to a few millilitres

in teflon beakers. The residual material was transferred to a tared counting planchet and the final evapo-

ration was completed under a infrared lamp to ensure uniform deposition. Samples were then dried in an

oven at 1050 C for 1 hour, cooled in a dessicator, weighedand counted for 100 minutes in the a, (j-counter.

Two background counts of 50 minutes each were performed every day and all detectors were checked daily

using Am-241 and Cs-137 sources. Detection limits of 1 pCi/1for gross alpha activity and 3 pCi/1for gross

beta activity were routinely obtained with this method. Where measurable activities are reported, the

uncertainty associated with the measurement is reported at the 95 per cent (2 sigma) confidence level.

Reference: APHA Sec.703, pp. 648-653.
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Uranium in Silt Samples

Digestion: 1 gm sample - standard HCIO - HNO4 3

Geochem digestion: 3.0 ml HCIO - 1.5 ml HNO .. 25 ml final volume4 3

Extraction: (1) Pipette 0.5 ml sample aliquot into 16 x 125 mm screw top tubes.

(2) Add 5 ml tetrapropylammonium hydroxide (TPAN) - AI(NO )3 3

(3) Two ml MIBK.

(4) Cap and shake for 2 minutes on shaker.

(5) Allow phases to separate.

Fusion:

NH OH reagent.4

(1) Pipette 0.2 ml MIBK aliquot into platinum dish.

(2) Dry at low heat on hot plate.

(3) Add one 0.5 gm uranium flux pellet.

(4) Fuse at 6500 C for 20 minutes.

(5) Remove slowly from furnace and cool in cooling trays for 45 minutes.

Run on Turner Fluorometer - 0-100 per cent (0.5 ppm detection limit).

Standards:

Reagents:

(1) 0-25 ppm - 30X curve.

(2) 0-100 ppm - 10X curve.

(3) 0-400 ppm - 3X curve.

0.5 ml of 0.2, 0.5, 1.0, 2.0, 4.0 ~g/ml U standard solution in 10 per cent HCIO extracted4
the same as samples, which represent 5 ppm, 12.5 ppm, 25 ppm, 50 ppm, 100 ppm U

respectively.

TPAN - A 1(NO )3
- NH OH solution.3 4

(1) 1050gmAI(NO) int02lbeaker.3 3

(2) Add H 0 up to 900 ml.2
(3) Heat and stir to dissolve solid.

(4)

(5)

(6)

(7)

Cool - cautiously add 67.5 ml NH OH and stir to dissolveany residue.4
Cool to below 500 C.

Add 10 ml of 10 per cent TPAN.

Transfer to 1000 ml volumetric flask and make up to volume.

Uranium in Water Samples

Procedure is similar to Uranium Geochem silts method except that there are two types of H 02
samples, Hydrogeochem and Environmental Modifications, as follows:
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Hydrogeochem Uranium (standardU-H 0)2

(1) 25 ml sample aliquot taken to dryness in 30 ml beaker after acidification with 0.5 ml

HCI04.

(2) Residuetaken up in 0.5 ml 10 per cent v/v HCIO4.
(3) After the beaker cools add 5 ml TPAN-aluminum nitrate reagent and swirl to mix and

decante solution into 16 x 125 mm screwcap test tube.

(4) Add 2 ml MIBK.

(5)

(6)

Extraction - same as for geochem silts.

Pipette 0.2 ml MIBK extract into platinum dishes, evaporate to dryness, etc., same as
silts.

(7) Standards to 0.5 ml of distilled water, add 0.1, 0.2, 0.5, 1.0 ~g/ml U standard solution.

These represent 2, 5, 10, and 20 ppb U respectively.

Calculation: (0.5 ml aliquot) (1.0~g/ml U)

25 ml (H20 volume)

20~g
= L 20~g

Thus 0-20 ppb use 30X on new fluorometer. Samples with greater amounts of U are analysed via
comparison to higher standards.

Environmental H 0 samples2

(1) 50 ml H20 aliquot take down to dryness with 0.5 ml HCIO4 (two 25 ml aliquots with

two 0.5 ml HCIO4.

(2) Two 0.2 ml aliquots of MIBK extract are added to the platinum dish - 0.4 ml of sample
MIBK extract.

NOTE: Standards are prepared as above for Hydrogeochem, that is, 0.5 ml of Blank, 0.2,

0.5, 1.0 ~g/ml U but they represent 1.0, 2.5, and 5 ppb U.

(3) Thus 0-5 ppb U use 30X with detection limit of 0.05 ppb.
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APPENDIX 8. CURRICULUM VITAE

A. SUTHERLAND BROWN was born in Ottawa in 1923. He received a B.A.Sc. degree from the University

of British Columba in 1950 and a Ph.D. degree from Princeton University in 1954. He joined the British

Columbia Department of Mines and Petroleum Resources in 1951, became Deputy Chief of the Mineralogical

Branch in 1971 and Chief of the Geological Division in 1975. He has been the author of five departmental

bulletins, including one on the geology of the Queen Charlotte Islands and co-author of one on the distribu-

tion of mineral occurrences in British Columbia. He has been author of many scientific papers including ones

on mercury geochemistry, metallogeny, and the application of geochemistry to metallogeny. In 1976 he was

both editor and a major contributor to the Canadian Institute of Mining and Metallurgy Special Volume 15,

Porphyry Deposits of the Canadian Cordillera. He is a registered professional engineer, a Fellow of the

Geological Association of Canada and the Geological Society of America, and a member of the Canadian

Institute of Mining and Metallurgy and the Society of Economic Geologists. He is currently President of the

Geological Association of Canada and Vice-President of the Canadian Geoscience Council, and a member of

the Advisory Committee to the Geological Survey of Canada. He has been Co-Chairman of the Management

Committee of the Federal/British Columbia Uranium Reconnaissance Program surveys.

NICHOLAS C. CARTER was born in Geraldton, Ontario, in 1937. He received a B.Sc. (geology) from the

University of New Brunswick in 1960, and an M.S. from Michigan Technological University in 1962, and a

Ph.D. from the University of British Columbia in 1974. From 1962 to 1964 he was employed as a geologist

with the International Nickel Company of Canada Limited, at Copper Cliff, Ontario. In 1964 he joined the

British Columbia Department of Mines and Petroleum Resources and was involved for a number of years

with the study of porphyry deposits in various parts of Central British Columbia. He was appointed Senior

Geologist, Resource Geology, in 1972 and Senior Geologist, Project Geology, in 1975. He has been author

of many scientific articles on regional geology, geochronology, and mineral resources of Central British Col-

umbia and was a major contributor to the Institute of Mining and Metallurgy Special Volume 15, Porphyry

Deposits of the Canadian Cordillera. He has been on the Management Committee of the Federal/British

Columbia Uranium Reconnaissance Program and has managed British Columbia regional geochemical pro'

grams. He is a registered professional engineer, a member of the Canadian Institute of Mining and Metallurgy

and councillor (1973-1975) of District 6, and a Fellow of the Geological Association of Canada.

WESLEY M. JOHNSON, born in 1941 in Nelson, British Columbia, was employed for three years as an

analytical chemist with Cominco Ltd., during which time he receivedhis Certificate of Efficiency in Assaying
in British Columbia. He obtained his B.Sc. degree in chemistry from the University of British Columbia in

1968 and his Ph.D. degree in chemistry from the Universityof Washingtonin 1971. Dr. Johnson served one

year at McMasterUniversity as a National Research Council Post-Doctoral Fellow prior to joining the British
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Columbia Department of Mines and Petroleum Resources as Deputy Chief Analyst in 1972. He became

Chief Analyst in 1973 and has held the position since that time. He is a Fellow of the Chemical Society

(London), National President of the Spectroscopy Society of Canada (1979-1980), and Vice-Chairman of

the Analytical Division of the Chemical Institute of Canada (1979-1980). Dr. Johnson was elected a Fellow

of the Chemical Institute of Canada in 1979, is currently involved in co-authoring a second edition of a book

entitled Rock and Mineral Analysis, and is the author of several scientific publications.

VITTORIO A. PRETO was born in Italy in 1938 and came to Canada in 1957. He received B.A.Sc. and

M.A.Sc. degrees from the University of British Columbia in 1962 and 1964, respectively, and his Ph.D.

degree from McGill University in 1967. Since then, he has been engaged in geological survey work with the

British Columbia Department of Mines and Petroleum Resources in many areas of British Columbia but

principally in South Central British Columbia. He is the author of two Ministry bulletins and many scientific

articles. His studies have included the Rexspar deposit as well as the area surrounding it. He is a registered

professional engineer, a Fellow of the Geological Association of Canada, and a member of the Canadian

Institute of Mining and Metallurgy.

PETER A. CHRISTOPHERwas born in Albion, New York, in 1944. He received his B.Sc. (1966) from

The State University of New York at Fredonia, M.A. (1968) from Dartmouth College, and Ph.D. (1973)

from the University of British Columbia. He has worked for several mining companies on prospecting and

exploration programs for porphyry mineral deposits in the western United States and Canada. In 1973 and

1974 he served as exploration geologist for Newmont Mining Corporation and in 1974 assumed his current

position as project geologist with the British Columbia Department of Mines and Petroleum Resources. His

research has included K/Ar age dating of porphyry mineral deposits. Since 1976 he has been principally

involved in the study of uranium deposits. He is author of many scientific articles including ones on uranium

deposits in British Columbia. He is a registered professional engineer and a member of the Canadian Institute

of Mining and Metallurgy and the Geological Association of Canada.
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