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REPORT ON THE 

OKA PROJECT 

QUEBEC  

SUMMARY and CONCLUSIONS 

The niobium deposits at Oka, Quebec are contained in 

a carbonate complex about seven square nailes in area and at least 

1000 feet deep. Forty-five percent of this, about 2000 acres, is owned 

or held under option by Molybdenum Corporation of America. Thirty 

percent of the remainder underlies the Trappist Monastery for which 

surface rights are at present unobtainable. 

Diamond drilling has indicated enriched areas on the 

Bond zone containing 23, 000 tons per vertical foot of pyrochlore- 

perovskite-niocalite bearing rock grading 0.64% Nb205, and a total of 

40 million tons of material grading 0.40% Nb205  in a minable block. 

So fax only 1,4-,1 of the favourable rocks have been tested. 

The deposit is favourably situated with respect to markets, 

power and transportation. Much of it could be mined by low cost open-pit 

methods. 

Oka is probably the largest and richest niobium deposit 

known in North America at the present time. Possible by-products are 

thorium, uranium, iron, rare earths, apatite and agricultural lime. 

• 
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ii. 

EVALUATION OF THE PROPERTY 

WORK DONE UNDER KENNCO'S DIRECTION  

Kennco's examination of the Oka property began in 

early 1955. Previous work by the Molybdenum Corporation of 

America, consisting of geophysical surveying, trenching and 

reconnaissance diamond drilling had indicated the presence of 

niobium-bearing rock but little was known of any structural or 

other control. 

To solve this problem the surface geology and the 

drill cores were studied in detail. The results of this study form 

the basis of the following geological report on the property. Valuable 

assistance was rendered by Molybdenum Corporation of America's 

personnel and is gratefully acknowledged. 

A map of a scale of 1 mi. to the inch was prepared, 

in part from government reports and in part from original work 

(see Map No. 1). The property map (No. 2) shows the observed and 

inferred geology of the property on a scale of 1000 feet to the inch. 

All outcrops are shown in solid colour. Inferred geology is shown 

by light shading. 

Drilling had started on the Bond zone and was 

completed during the examination period. Twenty-four holes were 

drilled for a total footage of 20, 000 feet. The zone was at first 

roughly outlined by flat holes at 300 foot intervals, then steeper holes 
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at 100 foot intervals were drilled to block out tonnage, verify grade, 

and delimit the zone more accurately. 

The alkaline complex covers an area of 4,  500 acres. 

The Kennecott - Molybdenum property covers about 45% of this or 

2,000 acres. To date only 10% of our ground has been tested by 

drilling to a rr,ax3rnum depth of 900 feet. Holes on neighbouring 

ground have encountered mineralization at over 1,000 foot depth. 

The tonnage potential of favourable rock containing niobium values 

to 1,000 feet is in the neighbourhood of 10 billion tons of which our 

share would be 4 1/2  billion tons. This estimate does not take 

grade into consideration. 

To provide material for metallurgical testing bulk 

samples in the form of NX drill core were taken across the center 

of the Bond zone (see Maps 3 and 4). Larger samples were 

obtained by open-cutting across the zone. (see Maps 3 and 4)  

DESCRIPTION OF THE MANNY ZONE  

The Manny zone was tested by the Molybdenum 

Corporation before Kennecott's participation in the property. Because 

of the lack of outcrop lithological trends were not known and most of 

the trenches and drill holes are parallel to the strike of the foliation. 

Although large tonnages of niobium-bearing rock grading 0.3% Nb1O5  

are indicated, the details of the geology of the zone are not known. 

The niobium values appear, at present, to be very erratically 

distributed and continuity of high-grade zones cannot be demonstrated. 
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Molybdenum Corporation's figures for Manny zone 

ore are 40, 000, 000 short tons to 300' depth grading 0.e% Nb205. 

This grade is based largely on their own chemical assays which are 

probably Z0% high. 

The chie f Lire minerals of the Manny zone are 

pyroehiose, containing 30-50% Nb205, and betafite, containing 32-

35% Nb205. 

DESCRIPTION D1 THE BOND ZONE  

The surface expression of the Bond zone is a low 

Moe about half a ruile long standing about 150 feet above the valley 

floor. A. pronounced radioactive anomaly coincides with the ridge. 

The niobium-rich rocks follow this anomaly in general but not in 

detail. Outcrops .:re spares but overburden is shallow. 

The mineralized zone is a tabular body about 2000 

feet long, 400-600 feet wide, and at least b00 feet deep. Within this 

zone are enriched sections, the largest of which is 1500 feet long 

and 100-200 feet wide. Although our deepest drill hole intersection 

was at a depth of 590 feet, an intersection is reported at uvsr 1000' 

depth on Coulee -Headway ground in the extension of the Bond zone to 

the south. 

The geology of the Bond zone based on drill core 

study is shown in Map No. 3. The chief marker is a steeply-dipping 

sheet of altered okaite which persists over the entire length of the 

i 
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zone. Parallel to this are narrower and less continuous bands of 

brecciated and altered ijolite. The composition of the calcite-

bearing rocks is complex and variable but for clarity in showins 

correlation all varieties of calcite-bearing rocks are grouped 

together. 

A plot of niobium values in the Bond zone (Map No.4) 

shows the relation of mineralization to rock type (compare Maps 3 

and 4). The highezt grade and largest body is =-kmgate parallel to 

the trend of the oka.ite and ijolites and to the foliation in the marbles. 

The principal ore minerals of the Bond zone are 

pyrachlere, containing about 50% Nb205, perovskite, containing 

about 22% Nb 05' and niacalite containing 16% Nb 0S. 

The ore minerals baye formed in response to varying 

geological environments, the most important being temperature. 

The order, from highest to lowest temperature is niocalits, 

persyskits, pyrochlore, betafite. Although sections can be formed 

containing principally one ore mineral, most zones contain 

mixtures of two or more. In addition to this complication, the host 

rocks have a compleit distribution. if large scale raining is 

anticipated attempts to Mims various ore types selectively may be 

difficult and even on a small scale it will difficult to mine a uniform 

,..re mineral assemblage and host rock type. 
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METHODS OF CALCULA.TIQN 01 0R R.ESZRVIES 

Owing to ors dressing and economic considerations, 

it is not possible at this stage in the development of the property to 

classify material donitely as ore but only to indicate what is 

assumed to be ore. 

Cut-of for open pit ore has been taken as 0. 25% 

Nb205, and for underground ore as 0. 50% Nb205. Tonnages were 

calculated in the following  manner 

1) Sections were taken acr.asa the fond zone in the plane 
of each drill hole. 

2) The average grade in each section was determined by 
weighted assay across the mineralized zone. 

3) Areas of probable or in the sections were measured 
by planixoeter. AU ore was projected to surface but 
not to a greater depth than 550 feet in the case of open 
pit ore or the depth of the drill hole intersection in the 
case of underground ore. 

4) Blocks. were calculated by extending each section half 
way to the, i :t - in roost cases 50 feet either way. in. 
no case was ore ,projected more than 150 feet along 
strike (see Map No. 5). Drill holes were given equal 
weight in the calculations. 

This drill spacing was justified because of the 

remarkable uniformity of grade over long distances both along strike 

and down dip. The more closely spaced detailed drilling indicated. 

no change in grade although the lateral extent and depth of the 

orebody were extended somewhat. 

An example of this is the recent open cut for the 

second large bulk sample sent to Kennecott Research Center. The 
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grades of the drill hole intersection and of the open cut are identical 

even though a projection of up to 800 feet is involved. 

OR. , RESERVES  

Calculations of grades and tonnages of Bond zone ore 

are presented in the following ways: 

Indicated  

1) Grade and tonnage available from the riche et continuous part of the 
zone assuming that the body it: to be mined from underground. with 
cut-off at 0.5% Nb205, and minimum mining width of 15 feet. 

2) Grade and tonnage of the Pond zone assuming that the mineralised 
zone is to be mined from an open pit with cut-off at O. 25% Nb205. 
and minimum width of 100 feet. Table 1 shows the grades and 
tonnages indicated to date. 

TABLE 1 

ORE RESERVES - BOND ZONE 

UNDERGROUND OPEN PIT 

Zone 
Depth 
of Dev. 

Short 
Tons Grade T. V. F. 

Short 
Tons Grade 	T. V. F. 

Main t#1)+ 
F. W. saatte 550' 23, 520, 405 .423 43, 500 4, 533, 400 . 65 	15.639 

442.933 .64 	1, 117 

#2 350' 11, 016, 117 .34 32, 672 548, 267 .49(Mt. Bleu) 
. 54(McG) 

5, 520 

#3 275' 1,022,800 .34 2, 925 

#4 265' 1,494,000 . 36 6,786 225,200 .69 	1.400 

Totals 37, 053, 322 .40 85,883 5,749.800 . 64 	23,776 • 
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Assay maps of various types have been and are being 

prepared. These support the values reported above. A contoured 

plot of assay values indicates the shapes and sizes of individual ore 

bodies which when referred to the corresponding geological map show 

the relation to structure maps included in the back of the report. 

Certain factors regarding the selection of blocks 

should be mentioned. 

1) Maximum depth on underground ore was taken as the 
actual depth at the drill hole intersection. The 
distance of projection to the surface varies slightly 
but would average about 300'. The result is the 
same as if the grade were projected 150' on either 
side of the drill hole but it is felt to be more 
reliable because the rock above the hole is 
favourable whereas nothing is known of the rock 
below the drill hole. 

2) For open pit ore a slightly less conservative view has 
been taken in that all ore zones have been projected 
to - 200' altitude. (a vertical depth of about 450' to 
550') 
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REPORT :ON. THE 

014A PROJECT  

QUEBEC ._..__.__.. 

LOCATION and ACCESS 

The property held under option by the Molybdenum 

Corporation of America, Les s on 1.113 north side of the confluence of 

the St. Lawrence and Ottawa rivers, thirty miles west of Montreal, 

Quebec. The Oka area is served by road and railway. Paved high- 

ways cross the property and the Canadian Natonal railway reaches 

as point about four miles away. Power ais available by a err line 

crossing the south end of the area. 

Living quarters are available at Oka and in the 

surrounding district. An abundant labour supply is obtainable from 

Montreal, a city of over I million inhabitants. 

A possible shipping point exists at the south end of the 

property at the river side. 

AREA and TITLE  

The ground known as Schedule "A" is held by the 

Molybdenum Corporation of America: under an agreement with the 

Mo*trose. Syndicate a Montreal. The remainder of the property, 

known as Schedule "$"`' is held under option from the Montrose Syndicate 

until March 1956 at which time 90% of the mineral rights of four blocks 

of 400 acres each can be purchased for $7S, uvO per block. each block 

4 400 acres must be contiguous but may be selected from any portion of 

schedule E. 
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The outlines of Schedules 	and 'P" are shown on 

the property map accompanying this report. 

HISTORY 

Early in May 1953 Mr. Stephen B. Bond. Canadian 

Representative of the Molybdenum Corporation of America. examined 

a small iron showing exposed in a four foot square open-pit on ground 

held by F. Manny of Montreal. His observance of radioactivity and of 

an occurrence of a rare earth mineral in a nearby outcrop prompted 

him to option the four =patented claims held by Manny. 

A radiometric assay of 3% U308 equivalents on material 

submitted by Manny to the University of Montreal led a professor of 

that institution. Paul E. Riverin, and his partner, John Gourd, to stake 

about 8000 acres surrounding Manny's claims. Mr. Bond optioned that 

ground as well. 

Work started in June 1953 on anomalies outlined by 

geiger and dip needle surveys. By the end of the year 3000 feet of 

trenching had been completed and samples from the trench bottoms 

sent out for assay. Results showed niobium values of about 1% over 

100 feet. 

Drilling began in February 1954 on the enriched zones 

suggested by the assay and geophysical anomalies, and about 40 

million tons of niobium bearing rock grading about 0.3% Nb 205 were 

developed. 
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The following summer geophysical work was accelerated 

::and a very strong anomaly was discovered on lot 216, a farm owned by 

J. P. Dufresne. Drilling started on this zone, named the Bond zone, in 

February 1955 and large tonnages of °high grade material were developed 

to date about 6 million tons of . 65% and 40 million toss of .4% Nb205. 

Geophysical work and gelogical mapping have continued 

to dates and large bulk samples have been take .n for metallurgical test. 

The discovery of the Oka deposit by S. B. Bond of 

Molybdenum Corporation and its rscogaition as a potential niobium 

property were the result of 10 years of investigation and experience in 

the niobium field. Mr. Bond was guided by the characteristic mineral 

assemblages. the rock types. the presence of radioactivity and the 

occurrence of rare- earths. :He recognized the. Latter by the uee of a 

pocket spectroscope. It is €,f great credit to Mr. Bond that he was the 

_a;e man out of several competent geologists wbv visited the property to 

recognize it as something more than a magnetite occurrence. 

The *cognition of the huge potential of Oka in its early 

stages of development by Mr. Hammond of this company was prompted 

by a knowledge of the geology of other niobium occurrences in Canada and 

an astute evaluation caf the rather limited information available about the 

property et the time. He- recognized the significance of the magnetic and 

radiometric anomalie aad of the geological environment. Although the 

high.grade Bond Zone ore. were not known at the time the appearance of 



the cores of tits holes being drilled suggested an improvement in grade 

over previous holes and a better possibility of a large ore body. 

MINERAL DEPOSITS 

REGIONAL SETTING 

The niobium-bearing rocks consist of a complex of 

carbonate rocks and associated ultra-alkaline intrusives ill which ex. 

tensive brecciation has occurred. These rocks are surrounded by an 

assemblage of metamorphosed aedimentary md Igneous rocks of 

apparent Precambrian age ranging in type from quartzite through quartz-

feldspar gneisses to anorthositia and gabbroic rocks. These have been 

named "Morin Series or "Morin Anerthosite". (Osborne, LaChute 

area, Quebec Bureau el Mines. 1936) 

The regional structure of the Marin Series at Oka and 

the trends of the foliation in the complex are discordant. In other words 

the complex has no apparent structural dependence on that of the Morin 

Series.  

The rocks of Morin Series at Oka are domed up into an 

almost circular rang* of hills overlain on the fringes by sandstones and 

limestones of Paleozoic age. The marble complex forms an elongate 

valley surrounded on the east, north and west by higher ground. 

The contact between the marble and the Morin Series is 

poorly exposed but has been cat by a drill hole. This shows a contact 

zone of a rock intermediate in composition between anorthosite and ijolite 

(i. e. composed of plagioclase and soda-pyroxene.) It may be an altered 
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• anorthosite or may represent an incompletely contaminated magma. 

The magma may have been of basaltic composition. Partial contam-

ination by limestone would produce a partially. de Wasted morel site. 

More complete contamination would produce the ijolite rocks of the 

complex. It is inferred that the contact has a dip of 70°  to 90 (toward 

the complex.) 

The complex itself, although incompletely exposed, covers 

about 5 miles by 1-1/2 miles on the surface, and extends beyond 100 

feet in depth. By far the greatest proportion is composed of carbonate 

rocks (probably 75% or more). the remainder are silicate rocks of 

unusual and variable composition but are characteristically so deficient 

• in silica that quartz is completely absent and feldspar is very rare. 

Various names have been used to describe and differentiate these rocks 

and they will be described below. 

The reeks of the complex are divided on the basis of 

probable origin and subdivided -ccording to useful mappable units. The 

i 	etiil 	igneous-looking rocks are 1) ijolite series, 2) laxsaprophyre, 

3) °lcaits. 4) nepheline sycnite. The rocks of probable metamorphic 

and rnetasomatic origin are: I) crystalline limestone, 2) sale silicate 

hornfels and skarn, 3) impure marble intermediate between 1 and Z. 

The rocks of probable hydrothermal origin are: 1) biotite 

replacement rocks, 2) bleached rocks of various types, 3) breccias, 

4) mineralised *karma, brreccias aad marbles. 
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IJOLITE - Ijolite is the name applied to any feldspar-free plutonite 

containing more than 50% nepheline. Modern usage has established a 

so-called ijolite "series", subdivided according to relative amounts of 

light and dark coloured constituents into urtite - more than 70% 

nepheline; ijolite proper 50 - 70% nepheline, melteigite 5 - 50% nepheline; 

jacupirangite less than 5% nepheline. 

Allvarieties can be found at Oka, but so far a systematic 

variation has :lot been noted. Erecciated altered ijolite is an important 

host rock for niobium mineralization. 

Petrographic Description - The rocks are coarse to fine-grained 

granular with a green to greyish-green colour weathering differentially 

to show pyroxene and nepheline as the chief constituents. The two occur 

most commonly in approximately equal amounts and are evenly distributed. 

Near the large okaite bodies on Husereau's farm, the grain size is greatly 

increased and the pyroxene content is more than 50%, producing a variety 

to which the name melteigite may be applied. This type is tentatively 

interpreted as a higher temperature "gabbroic'S variety compared with the 

normal "diabasic'° type. Urtite - the nepheline -rich type occurs 

uporaslically and is interpreted as an "anorthositic" phase. 

O . ITt: 	This name is applied to a coarse-grained melilite-bearing 

rock occurring at Oka is a variety of textures. In part, the name follows 

Stansfield's original definition "a grained igneous rock containing r elilite 

and hauyne'°. No hauyne has been found and the original definition must be 

considered invalid. The name should be retained, however, because of the 
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i importance of this reek as a litharl+agfe unit. It may be considered 

synonymous with tur jaite, at least in put. Inasmuch as tur jaite contains 

nepheline, perhaps 5tansfiold's neplieline -okaite should be dropped in 

favour of turjaitee, the name okaite being restricted to the melilite-rich 

variety (say over 70% melilite). 

Okaite is interpreted from field and petrographic study to 

be a "hybrid" or ''conta emoted" roCk. It is extremely variable in 

texture and comp eaten. and because of its sb,eet-like occurrence is 

thought either to represent sill-like injections or to be the result of 

thermal metamorphism and replacement of an argillaceous limestone. 

Okaite is of great use as a temperature indicator and as a 

horizon marker. It is closely associated with all known mineralised 

zones and has probably acted as a temperature control à&s Weil as having 

a damming effect on ore solutions. 

Petrographic+escriptiion - In hand specimen, the okaite is variable 

both in texture and composition. Composition ranges from almost pure 

melilite to a nepbeline•biotite-rich rock with less than 2.5% melilite. 

Calcite, perovskite, magnetite and apatite are present in minor amounts 

normally, but may be locally very abundant. 

Melilite is a difficult mineral to recognize without con-

siderable experience. It has a tendency to a greasy lustre and it is 

colourless to honey-coloured to grey. It may be eahedral, appearing as 

stout tetragonal prisms with distinct basal cleavage, but is normally 

anhed;aa1 to massive. 



• In many outcrops it is altered to a white, buff or green aggregate of 

vesuv anite, nepheline and occasionally zeolites. 

The origin of okaite is in doubt, but as stated above it is 

most lip :ly a hybrid or a metasornatic rock. If the former is the case, 

it has resulted from extreme contamination of a magma by limestone. If 

the latter is the case, it is the result : i metasonaafisen of shale horizons 

in limestone. 

1..A ROPHYR  -Lanwaphyre dykes occur in the area within the 

marble complex end in the sitrrooadfng gneissea. Inasmuch as they show 

little relation to ore they will not be discussed in detail. 

True alnoite is probably the chief type of larnprophyre 

present. This is a feldspar-free lamprophyr• with biotite or corroded 

augite and olivine phenocrysts. The leucocratia mineral is rnelilite. The 

largest accessible exposure is near t okaite can fiusereau's farm, but a 

larger u  is reported on  the Trappist Monastery grounds. Similar 

lamprophyres are found in the drill cores but no serious attempt has yet 

been made to correlate them. 

Petrographic Description - The ground mass in n- ost iarrprophyree is 

grey or black. Phenocrysts, rock fragments and arnygdules are the rule. 

Biotite phenocrysts are dark brown (titaniferous) and are probably iron-

rich. Pyroxene phenocrysts are black in hand specimen: brown, non- 

pleochroic in thin section. Optical studies show it to be titanaugite. Calcite 

is present as amygdules. Some of the rock is a breccia composed of 

fragments of country rock in a lamprophyric cement. The lamprophyres 



~ cutting the Morin anoxthositee are finer grained with smaller phenocrysts. 

Many have a greenish tinge. 

CRYSTA1.1.114X Ll1ilESTONIC or Ç ,.~KAeTiTIC 

Carbonate rock* are the commonest type at Oka and also 

the most important host rock few oree. Th. most abundant variety is a 

coasee.g aiawèd rock composed of calcite with about 15% of dark minerals, 

usually one or more of the followings biotits, magnetite, pyyroxene, 

olivine, m:onticsllits►  irfsnviaaits, mali3ftn, peerovskite:, pyrocbirirer and 

apatite. It has a foliation formed by orientation of plates of mica, parallel 

layers of dark mimerais, or alternating ,layers of coarse and fine grains. 

The origin of the foliation is in daWet. If the rocks aria 

• 
igneous, the foliation could be the result of flew lalr+èrr in the moving 

semisolid magma. If the rocks were originally sedimentary, the foliation 

could result from stratigraphie variations. 

The variation is mineralogy of the lime silicates in the 

marble is thong* to be significant. Bowen (Journal of Geology 1940) 

shows that certain minimum temperatures are required to form lime 

silicate minerals. These then can be need to outline metamorphic zone* 

around a eowce of best. Of the fourteen minerals on his 1ist, eight at 

least are present at Oka. Those with their minimum temperatures of 

formulation are t - 

Talc 	 <200'c 
Txernoiite-Actinptite 200'c 
Olivine 250' c 
Pyrmaens 270" c 
ie>rvllastaaitg 450'e 
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Monticellite 560°c 
Melilite 600°c 
Larnite ( ?) 800°c 

Relating ore mineralogy to the associated lime silicate, the following 

zones are indicated. 

ORZ MINERAL  ASSOCIATED MINERALS TEMPERATURE OF FORMATION 

     

Nioaelits 
Peroveicite 

(anhydrous) 

Pyrochiore 

Melilite, monticesilite-* 
pyroxene 

400 ? to over 800° 

(OH. brg) Pyroxene, c;lx~Yi~e 250 	- 450 

B etafite 
(1320 brg) Biotite, calcite 250 (100') 

rich zones. 

Further study is contemplated in the search for pyrochlore- 

Crlstalline marble grades into csic silicatatss homnfels and 

skarn with an increase in *indite content and a decrease in carbonate 

content. These frequently contain more magnetite, apatite and niobium 

minerals, probably resulting from the action of hydrothermal solutions on 

-garble. in the broods' des many of the rock fragments are partially 

converted to hernfels or skarn. 

Some of the marble is pare white and almost completely 

lacking in dark minerals. For convenience. this has been called carbonatite 

but it may be hydrothermal rather than magmatic. 

At such high temperatures as existed at Oks. large amounts 

of carbon dioxide gas mast Wive been formed. The pressers of this gas 

was great enough to explode the roof of the chamber, especially around the 

margins of the complex. Carbonatite is intimately associated with the 
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breccias so formed, even some outside the main carbonate complex. 

Some of the carbonatite contains large crystals and 

crystal aggregates of pyrite and locally abundant earthy masses up to 

an inch or two across, composed, according to a report from the 

Federal Bureau of Mines, of an aggregate of stroat agite, barite and 

ancylite (Ceka)4  (Sr. Ca)3  (Co3)7  (0h)4. 3/120. This mineral contains 

up to 55% rare earth-principally Ce, La and Di. It may be regarded as 

hydrous equivalent of bastnaesite with Sr replacing some of the Ca. 

HYD OTEL'RMAL ROCKS  

Biotite Replacement Rock - The roost abundant hydrothermal rock is the 

type known as biotite replacement rock. It is composed entirely of iron-

biotite and white calcite with little else except ore minerals. These are 

betafite, pyrochiore, magnetite and apatite in varying proportions. In 

some instances, the biotite replacement rock is richly mineralized but it 

is not the most favoured host rock. 

Bleached Rocks - Although these rocks are quantitatively insignificant 

they are of use in that they indicate hydrothermal alteration. One type is 

altered okaite. The colour of the rock is markedly lightened by the alter-

ation of melilite to vesuvianite. 

The rocks adjacent to the anorthosite contact to the west of 

the Bond zone are bleached to a greyish-white porcelain-like mass 

containing either very film grained kaolinized feldspar, or in some cases 

• nepheslines. 

• 

• 
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• anIAccsAs  

Most of the rocks at Oka have been brscciated to some 

extent. Brecciated ijoiite is an important host rock for niobium 

re2i.neralization. Brecciated Okaite is less so but may be important 

locally. 

Brecciated rocks of almost every description are found 

a the explosion breccias within and surrounding the complex and in 

breccia zones within the anorthosites. 

The breccias were studied by Grimes-Graeme (un - 

published Ph. D. thesis, McGill University 1935). The author's con- 

clusions were that the breccias were of volcanic origin formed at 

Moateregian time by explosion due to build up of pressure of GOz  at 

elevated temperatures. This is most probably true in some instances, 

but perhaps not all. Some of the breccia fragments are well-rounded 

pebbles and boulders and may be part of an intra-formation,conglom- 

erate. 

Sk(ARN ROCKS 

The skarns are composed of various Bone and m agne s ium 

silicates, calcite. magnetite, bfotits and apatite and are mineralized 

principally by pyrochlore and peerovskite, but occasionally by betafite. 

They are best developed at ijolite -marble contacts and are commonly 

wider on the hanging wall side of the ijolite. They have a character- 

istic texture of closely interlocking prismatic aegirine-augite crystals. 

This material is in all probability hydrothermal, not only because :4f 

its occurrence with hydrothermal minerals, but also because it can only 

be made synthetically under hydrothermal conthtiono. • 
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• The mineral ass.xable‘s Of the shuns  are complex and 

variable, but the most common in calcite. .r**sne - btetite - apatite - 

magnetite - pyroeblere - forsterite - pyrite. 

Such a complex assemblage is to be expected from 

theoretical considerations. Where eight components are present (as in 

this case) eight mineral ors may be developed. 

STRUCTURE  

The structure of the marble complex is incompletely known. 

Bedrock is exposed in leas than 1% of the axes and where details of struc-

ture can be mapped, they are extremely complex. 

The following description of the structure is little more 

than s guess but in the absence of mer. .information is offered as the best 

description available at the prase* time. 

Foliation existe in arme of the rocks. Based on observations 

of the attitudes nef the fellation, the overall pietas,* suggested is an arcuate 

structure with shoost vertical dips. The arc covert five or six miles and 

subtends :an ale of about E00'. It conforms roughly to the shape of the 

complex itself.. SobOtadatiotios this structure are ribbon-like sheets of 

okaite and ijolite parallel to the strike and dip uf this foliation. 

Two interpretations of this observed structure are possible. 

The first is that the okaite* a ijolites are ring dykes and cone sheets 

and the mimes are corbonatite intrusive$ related to Monteregian igneous 

activity. The second is that the entire mass is metamorphic and the 

okaites and ijolites are metasomatized shaley layers AO the limestones. 



In detail the shape* Of the known ore bodies confenrm to 

the foliitbeaa►  but, in the Bond zone at least, there are other controls. The 

mineralised zone as a whole cuts across the foliation at aw low angle. Its 

direction is parallel to that of a late nepheline syenite dyke which may be 

filling a late shear plane. Openings in such a direction could act as ore 

feeders With replacement working out along favourable horizons. 

Linear elerneLts are absent in the marbles. Thus nothing 

is known al the plunge of riau ioxtaations. 

The detail, of the shape of the Jamie $mod zone ore body are 

also apt known although its continuity has been indicated by drilling and 

by:radiometric surveys. The plunge suggested by the drilling to date is 

to the north at an Ingle of lid' or lass. 

LITI 011491041. and4 Ht t STRIterffiAl.. CONTRO  

The trends of the knotm ore bodies are parallel or nearly 

so to the foliation in the marble and to the attitudes of the ijolite and 

okaite sheets. The reason for this is not known but it may be that the 

ijolite and okaite* are sills and their high temperature gave rise to elongate 

isother ►s which in turn controlled ore deposition. Another interpretable* 

i* that the marble* are actually igneous and their foliation is the result of 

flow laye ring, flowage being chiefly upward. theeenspenying waves of 

mineralizing fluid would have travelled in the same direction or nearly so 

and thus the ore bodies would more or less follow th. flow layers. 

Variation* in porosity and permeability have evidently had 

an effect on ore deposition. Fresh okaite sad *Alta are very poorly 



~ zxa~naraiized. BreceiatiOp►  of both okaite and ijolite produces a poaemlia#kltla 

rock favourable to mineralization. Permeability may also ba yelate4 to 

competency of brecciated rocks. Ijolite is very brittle and fractures 

a'eadflY; okaite is very tough but when altered is somewhat brittle; lime- 

MoRa tenda to deform plastically wider •treas, but skarn and àorn.iels 

are brittle. 

ORZ TEXTITRICSr< 

The ores at Oka are so widespread that it is to be expected 

that a great variety of textures and structures would be developed. Such 

is indeed the case. At least forty miasmas *cent in the complex (excluding 

Qchlt) Old many of the minerals 

arae/y, rare As far es wor141 wid+e occurrence is concerned but 

spite abondant at Oka. The chief reason for this is of course the unusual 

called ''trace'' elements;- namely - 	Ta, p`. 

CI, rare earths-,_ Sr t. Be 	Th, U, P, Ti and possibly others. 

In the Bond *Mil several thin sscztlone have been studied 

briefly. Most of these show discrete grains of pyroc3►lors in a great 

range of sites from a few microns up to over a millimeter. Many of the 

crystals are corroded and pitted. In some of the blotite-rich material 

pyrochlore may be locked inside biotite books - although this is more 

commonly true of betsfic:e. 

Pyroch1nre is the ainbuutn-ric member of the pYrochkire- 

7R'lifirniAte series and is one of many rare element nie►bat>r-tsdta,Iates which 

similar . occurrences, properties and chemical compositions. 



Pyx odd a►ref is istametric and occurs in octahedra CM 

modified octahedral crystais. it is usually 

cleavage, a haxdness of 5 5-1/ (lower iOatiosrssi aaAtArisa). and a 

specific gravity of 4. 2 - 6. 4. 

Na was not reported but is almost certainly present as a 

Using these figures a rough analysis of the 

cari be estimated. 

S % 	(Cb: Ta= 1 4:1) 

I 

pyrochlore 

(A1b, Ts) Os 

Th0~ 

TiO .~ 

is destroyed by auto-radioactive bombardment of the constituent atoms) 

with a rough pitted surface and a waxy lustre. It bias poor octahedral 

t#irmulA IS A Z, 8 B. . 06 (0. OH, in Where A a N a.. 
	K, . 

Z, Mn, Sb, Pb, (?) Ce, La, Pi, Er, Y, Th, Zr, U and B Nb, Tae, 

Ti, Sn( ?) Fe+3 and W ( ?). 

A serni •civantitatiws spectrocherrmical analysis by the Department of Miaes 

and Taebsticad Surveys gave 

Nb and Th as the major constituents 10 t00slo 

Ti and Al as minor constituents 1- 10%r 

Zr, Fe, Mn ae strong Traces .1 - 	1% 

Mg, Ca. Y, La, Ce as traces .01 - 	. 1~`a 

Pb Cu, V, Ba, Sr as faint 
traces 

.001 - . 01% 

• 



ck may then be taken te indicate the presence 

17. 

This 'means that a pyreehlors. concentrate from pyrochl.crre 

Mianli011 of Wit composition easiest contain over 50% Nb205 and will 

carry #ssporllaat amounts of Th, Ti and poossible II (which although not 

reported by the Department of Mines is pretreat with r► ;is the ratio 

4/i. 

PIZRO.VSKIT~x  

;sctordin Zimmer ley the Bond zone ares carry pexovrkite 

end mealier. in 16014 0441101 amounts.. Unfortunately the cers saz plies 

• 

were consolidated by the tooting lelooretsrg and their efitaai di 

is not known. In order to determine the distribution of ' pakirt3rekite and 

pirecklerp detailed petrographic work on a representative cross section 

of the ore body is required, 
. It is ~►d that the distribution of perorreïcfiit+e and pyrc~ cl~loru1 

can hM►  related to come readily obsexvable egascopic feature. The Th. 

U. costae* +dt;paerovs.kite îs 111uch le than that of pyxdchlore. A high 



1$. 

• up to Nbi Ti $ +g: g (about 26% Nb2,05  ). Zimmerley reports Ohs. perovsisits 

to contata 30% Nb205 but this value may be high. The boasts *ranch of the 

Geological Survey of Canada reports 22% Nb205. 

The mineral occurs at Oka in the form of cubes ( in the 

marbles) or octahedra (in the aicaite) or in tiny irregular grains. Rowe 

reverts most grains under I mu. diameter. It has a submetalüe lustre 

but is lees splendant thin magnetite.` ` It is black or almost so in hand 

specimen but in this section or in splinters has a dark brown colour. It 

has no cleavage. irregular fracture and a grey streak. Quite frequently 

it shows complex lamellar twinning. Hardness is about 5-1/2, S. G. gg 

4.0 	- higher in certain and niobian varieties. Coarse -grained material 

is easily iced by crystal shape and streak. 

The crystal form is only pie udaisametric. $ Is probably 

monoclinic and crystals may be noticeably biaxial. The lamellar twinning 

also indicates a degree of symmetry lower than isometric. Spectro-

graphic analyses by the Department of Mines and Technical Surveys 

suggest the following composition: 

(Ca, Na) (Ti. Nb) 03  

The Ti02  content is probably about 40%, the Nb 2C35  content about 20% and 

the Ca° content about 35%. 

Perovekite forms in igneous rocks :3nly when Si is so 

deficient that none is available to form sphene. 

The minimum temperature of formation ii WA known but 

thee associated minerals suggest that it is probsbly shoot' 400' C. Some 
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research on this point hs warrented 

Perovskite grains include and ara sesglaciated with biotite, 

calcite anr3 apatite in the skara rocks with rrYelilits, monticeliite a 

magnetite and iiiotite in the okaite and with pyros;son sod nefrheline in 

the ï;;aaiates. rate it can be a sornew&atttbig,ttlteun mineral and may 

form, not so much as the result a certain pre s s urs «t  fmpe r atur e en-

vironment,  but in response to a perticular Chemical environment over 

a limited temperature range. If  *ter vapour and fluorine are lacking 

neither pyrt,côlore nor betafite can form. if the titanium content its low, 

perovskite cannot form. 

Perovskite thus tend to occur in a water and Attirine- 

free environinient with abundant titanium and sufficient Ca or Na. It 

would be expected to occur the with aa:e:lilite, eaatga►etit.e, pyroxerie, 

naphelines, xnonticellite, ceiicite, and possibly pysachlo:as, pyrncotits, 

but not likely with betafite, apatite, biotitst  hydrothermal calcite, or 

fossmri%e. It would never form with quarta, feldspar, ephone horn-

blende, rnu/sco,rüa,  and other silica-rich Silicates. 

Some simple mineral assemblages involving perovskite 

are knvtsn at aka. One of the.* is- the assemblage ibAagnetite -pexoyskite 

which forms part of a small ore body grading about 0.6% ïVb205 on the 

property of Oka Rare Metals Limited to the northeast of the marble 

complex. Another assemblage is cm,lsii.e-;peraveaits-mentâcailitb. This 

occurs is a sone eta bY D. D. :%. 4 to the south of the b.ritlrolft+er occur. 

rsae, as well as :i16►  liante holes on the Manny zone. 



~ A third important ore mineral has bee* discovered in-

dependently by the K:annecott Research Center and by the Mines Branch 

at the Geological Survey of Canada. The tstriinera.l, is a niobium-bearing 

calcium silicate (about 15% Nbx4$) and is perhaps a new species, 

tentatively n 	d niocaUte. 

The mineral appears to . be onfiste+l .to a nsratosr *one of 

carbonate srosit, adjacent  to the pkaidt. marker in the Bond *one extending ; 

fro 	D. D. H. 22 to 36 (about SnO feet). in some sections (e.g. D. D. H. 

35) it appears to be the principal niobium mineral and Zimmerley 

reports that it forms :50% of the niobium content 1* the bulk sample sent 

from the vicinitY of drill hole NX-3. 

The mineral can be identified in 1nttid spat/min althonslt 

it does bear resemblance to soda-pyroxene and other lime silicates. It 

characteristically occurs in prisms with a diamond shaped cross section. 

.ptical properties reported independently by the Department of Mines 

and by 1.Cennscatt Research Center differ somewhat and suggest the 

passaibility, of variable tomprrsit3os *film mineitatl. Properties deet+erstatzin+» 

ed by R. H. Nickel of the Department ef btinelk arm *pic angle 56Boptic 

sig,a-negatf,..ve., inditese of refraction • 1.100. 1.721. 1.730. density 3.32, 

hardness 6, crystal system orthorhombic:. etesit dimensions >esi. 39.4. 

b= lü. 45A, co 20. #kA.oteinnliatg alma X. Z1 3:~ At sy'. Z#munea•lety 

gives optic angle 43* *loss ot retratowit 1, 704: 1r 718, 1.. 720. optic 

sign-negative, density 3; 4. 
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Partial analyses shows content of abet& 16% Nb205, 

29% S102, 43% CaO and 1.7% F. Calculation of the probable formula 

suggests a similarity to woehlerite (NaCaz (Zr, Nb) T, 1112  08) but with 

no sodium. An approximate tentative formula is Ca, Nb, F, $l z, 0j. 

Tho composition does not fit any of the SiO4  type of lime silicates. 

Further work is contemplated on this mineral. 

The or minerals at Oka are not easily recognized in 

hand specimen. Pyrochlore closely resembles garnet and can also be 

mistaken for magnetite when fine grained. Perovskite is very incon-

spicuous when disseminated among other dark minerals. It is difficult 

to estimate grade from visual examination especially if tits rock is fine 

grained.. 

ORE GENESIS  

Paragenesi s 

The sequence of events leading to the formation of the Oka 

mineral deposits is probably as follows:- 

1.) deposition of sediments limestone either below or above Morin 
Series. 

2) cover by younger sediments. 

3) metamorphism, intrusion of Monteregian rocks, conversion of lime-
stone to marble, .hornfels and skim. 

4) brecciation of liolites. 

5) intrusion of losoprophyro sod stoirboline syouite dykes. 

6) hydrothermal alteration replacement of ijolite rock by biotite, 
aegirine-augite, calcite. 

7) introduction of Fe, P, F, Ti, Cb, T$ U Tb.  
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8) deposition of hydrOthern Ml minerals - probable order: m 

Niocalite, ?erovskite, b ages#te, Pyrrhatite, Pyrochiore, 
Eetafite. 

9) low temperature alteration 

1() erosion. 

The source of the niobium mineralisatioa is closely related 

to that of the associated intrusive rucks. The: Method of concentration of 

Nb and Ta together with Ti, re, rare earths, Na, P, F. Th and U has 

been the subject of debate for many years. 

The most widely accepted theory and the one presently 

subscribed to by the 'writer is that these elements being of eliffsrsat ionic 

radius, charge, or both, are not readily accepted lathe cation *not '01 

the rock forming silicates but are excluded to be finally concentrated in 

the late pegrnatitic phase. Regarding the rocks in question the entire sine 

has effectively been placed in a pegmatite like stage because ref the con- 

tamin tioa of the magma by limestone leading to the early crystalliastiOn 

of high-temperature calcium and magnesium silicates whose strusturli 

OsiChiiii0 the elements listed above. 

This late pegmatitic liquid then becomes the mineralising 

fluid. It may or may not boil but it penetrate* any permeable rocks and 

deposits pyrochiore and other.nuiurais in fa cable host crocks mainly 

as a consequence of failing temperatures. 
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1J..216I4 to TOPOGRAPKT 

Some use has been made at Oka of topography. Ridges 

and knolls have rock exposures or shallow overburden sat are composed 

of massive crystallise limestones, ijolites, or okaites. Biotite replace- 

ment rocks normally underlie shallow depressions but because of deep 

overburden in the eastern part of the marble complex, depressions in 

that section mean little. 

The marble complex occupies a shallow but extensive 

depression at least 5 miles long and varying in width from a mile to one 

and a ball miles. On either side 4 this valley, the Morin eamilmoiSee 

stand about 300 feet higher than the marbles and about .500 feet htgsr than 

the surrounding countryside. 

In detail, topography is of little Witt, but in the overall 

picture it outlines the favourable rocks quit. well. 

MINT.R.A.LOGICAL CONTROL 

The mineralogy of both the hest rock and the ore is 

influenced by the temperature, pressure, and bulk composition of the 

deposit at the time of its formation. The occurrence of niobium ores 

with a characteristie mineral assemblage demonstrates this influence. 

In some cases key minerals 'whose minimum and /or maximum tempersitUres 

of formation are known can be selected from these assemblages and used 

as guides to type and grade of inineraliaation. 
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The minerals associated with various niobium ores at 

Oka have been described above. In the highest grade material niocalite 

is the chief ore mineral. It is found mainly with calcite and magnetite. 

The meet abundant ore minera is pyrochlesre. Its associated minerals 

are aedisine.calite, 	Ute.rhotite Py'i 	tnetite, garnet. apatite, and 

calcite. Nero, pyrrhetite and aegirine-augite are the key minerals. 

Pyrrhotite has long been used as an indicator a temperature range of 

30'C t.  500.C. Pyrnzerie has a minimum temperature of formation of 

Z70° C bot is converted to wollastonite at 450.0 and to mel iiite et hOO'C. 

The relationehip between, anagnetits, 	esili**ee*  

and niobium values can be eheent by a 	at grade versus, dark minerai 

Ment. (rig. 1) 

A similar plot for radioactivity versus grade (Fig. Z) 

shows no systematic variation. In detail grade et columbiwn mineralizatten 

does not depend on radioactivity, mainly bed of the variable per vskite. 

niocalite, pyrochlore ratio. 

FRACTURES, SHEARS, JOINTS end FAULTS  

Very few shear zones have been found at Oka bet whore 

they do exist they are mineralized. A shear zone in altered okaite about 

four feet wide was intersected by D.D.H. S-9. It carries about O. 5% 

Nb205 in a hematite-anatase (Ti02) rock which is a product of hydrothermal 

scti #Zjf l* Ow shear. 

At, a p elme syenite dyke cuts obliquely across the foliation 

in the Bond zone. This dyke is parallel. not to the individual ore 
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horizons, but to the long dixnension of the Bond zone as a whole. This 

suggests that the fracturing giving rise to the nepheline syenite also 

permitted the introduction of rmneralizing fluids, which, on arriving, 

epread out along favourable horizons in the marbles. 

DEVELOPMENT  

The property has been developed in the following ways-

1j Diamond Drilling - The bond zone has been thoroughly tested by 

about 20,000 feet cf AX and 2, 200 feet A' Nx drilling. In addition, a 

larg. test pit has been excavated near D.D.H. NX3 to provide 60 tons 

of typical oars• ton teas of which have been shipped to the Kennecott 

Research Center. A second sample of 40 tons in the vicinity of D.D.H. 

S-36 is now being taker. 

.ee vious dril:iwg of as exploratory nature amounts to 

about 10, c,uu feet most of which is confined to the Manny Zone. . 

Molybdenum Corporation of America report the develepmeat of 40 

million tons of € . 3% NbzO5  material to a depth of 300 feet. 

j Trenching- The Manny Zone has been extensively trenched but the 

trenches mors or less follow the rock trends and do not cut directly 

across the lithology. A ten ton sample was taken from on of the 

trenches for metallurgical testing by Molybdenum Corporation jab 

at Mountain Pass, California. 

3) Assaying- A fully-equipped X-ray fluorescence laboratory was set 

up in July 1955. So far over 700 assays have been made, plus 50 or 

so check assays. Restl• show fair agreement with other labs. A 
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discussion of the results of analysis will be fQuad in an appendix to 

this report. 

4) Metallurgical. Tests - Samples of "or #" ranging from a few band 

specimens to twenty tons have been, sent to va,.r~ous laboratories for 

testing. The data are presented in the form af a ta,Lle (table 2) 

showing the naine of the iabara.tory, the amount and type of material 

sent and the date for each sample. Kennecott Research Center .has. 

been conducting thorough rnetall.nrgical tests on Bond some ore. some 

of the results of which are aïx'eady available. 

Verbal reports from Mr. Bond indicate that other labs 

have obtained re its similar to those of Kennacott. Their methods 

of concentration are believed to bh .gi~~ilar. 

I. A. Cower. 

TORONTO,  Cnts.rio 
March 16. 1936. 

• 
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Appendix 1. 

ASSAY G FOR NIOBIUM 

GENERAL 

In addition to the various chemical methods several new 

techniques have been developed. These are cola i nextric and X-ray 

methods of various types. The Choice of meetb.ed depends on cost, time 

reegnired, tolerance permitted. and availability of men and equipment, any 

one of which may be the deciding factor. 

Chemical •_ methods may be gravixnetric, volumeetriC or 

coloriznetric. Details of various procedures may be found in the literature. 

l. C. F. Hiskey, L. Newman an4 R. H. Atkinson F'Analytical chemistry 

of Niobium and Tantalum" Analytical Chemistry  24, 1988 (1952) 

2. W. R. Sehceller Analytical Chemistry of Tantalum and Niobium, 
loartdasl►,, Chapman and Help 1937 

3. R. H. Atkinson, J. Steigxn.as.i and C. F. !Mickey "Aualytidal Chemistry 
of Niobium and Tantalum, ' Analytical Chesr3stary  24#  447 (1952) 

Gravimetric analysis requires that Nb and Ta be separated 

from interfering elements, chief of which are Ti 	Zr. The separation 

ls made difficult by the fact that Nb and Ta do not form simple water - 

soluble ion*. Hèewevér by a method of chlorination using octochioro- 

propaxse the Ti may be removed as a chloride (see Hiskey C. F. et ai 

1952 a, b) 

Colorimetric methods are known and are used by the 

Kennecott Research Center. Details of their procedure are not known • 
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but judging from the results of a series O&M/we the method is probably 

accurate. The time and quality of technique required are not known. 

A volumetric metaled is described (U. S. Government Pub. 

* 15239 (1948) ) but little is known about its limitations or advantages. 

X-ray fluorescence methods may be subdivided into 

various types; 

Direct 1) - usins an external standard 

using sin internal standard 

a) of another element 

b) of the same ele3scAPt;;(the 

addition method) 

Indirect (combined chemical pad :X.rat) 

1) 	simple *Am 

Z) - fusion and chemical precipitation 

The direct method using an external standard is recent 

mended by the makers of the General Electric 'XRD•3 X-ray fluorescence 
• 

unit aas.being satisfactory for routine workivhere the sample marin is 

uniform. It is not used extensively because of its obvious disadvantages. 

There is no assurance that conditions are the same for the X-ray of the 

sample and the standard. 

The internal  standard method* a are at present used more 

than all others together. The internal standards coramealy.  employed are 

rnolybdàaum r zirconium for niObium and copper or hafnium for 



tantalum. Thiess airs added in the form of , reordered ersidt►s sad tniaeeid 

mechanically The addition method makes use of eddltfeni a the elements 

sought. ThiR obviates errors due to elements interfering with the 

standard and to varying molybdenum and sizceeaiu+n content of the sega►ple.. 

This method is in use at Oka as wail as at Quebec Metallurgical Industries 

#a~t Ottawa. 

The iaro,:odure is as fellows: 

?~ A-fslt of standards of varying niobium Content is prepared 
in advent.. 

`) The sample is scanned to check for Interfering elements. 

) A weighed amount of sample and U.5% standard in A.1203 
powder are thoroughly mixed. This serves material from 
o to 1.0%. 

4) The mixture is spectrographsd and the intensity measured. 
Corrections for standard and background are applied. snd 
the corrected intensity gives the niobium content. 

A simplified fusion method is recommended by at least one 

maker ( R. S. L.) and a fusion*precipitation mew is used by l ennecott 

Research Center. This is described in a paper by Mortimer., Romans 

and Tarr*. (Applied Spectroscopy Vol. d 1Td. 1) 

A 100-mg sample is fused with excess sodium per;;.xide in 

a nickel crucible. The fusion product is dissolved in water and hydrochloric 

acid, a little hydrofluoric acid and some boric acid are added. An internal 

• 



stn* agd, cams/sting of zirconium and hafnium oxides dissolved in strong 

sulphuric atsd, hydrofhto ric acids, is added. 

The Zr, Nb, Hf, and. Ta are precipitated as hydroxides with 

concentrated ammonium hydroxide. The product is Veiled. The precipitate is 

allowed to settle, the liquid decanted and the filtered precipitate ignited. 

The oxides are ground to minus ZOO mesh and the sample 

combined with starch and pressed iota a mold to form a thin wafer cif 

uniform sine and density. the wafer may be retained after analybis. 

The advantages of this method are many:- 

1) errors due to differences in particle size are eliminated. 

Z) Errors due to insufficient mechanical mixing are eliminated. 

3) The prepared sample can be retained ter £tai. check. 

4) Rich samples are more easily handled than with direct 
methods. 

5) Possible interfering elements are largely eliminated. 

The chief disadvantages are the additional time required and 

the need for trained chemists and chemical equipment. 

SOURCES of ERROR 

So far as is known no evaluation has yet been made of the 

various sources of error inherent in X-ray methods. It is generally known 

that graviuietric analysis is subject to error through coprecipitation of 

titanium and loss of niobium and tantalum. This may have been the cause 

f a 30 discrepancy between chemical and X-ray assays of Oha eyes which 

existed up to the autumn of 1955. This discrepancy has new been eliminated 

apparently by changes in the chemical methods but no details are at prises** 



• available. 

5. 

• 

• 

In X-ray methods systematic errors may be present 

depending on the nature at !tt* matrix, the grain size of the sample and 

the ch racteri$tics of the X-ray unit. Some of these may be avoided 

by the Wig of the additional method - especially matrix variations and 

interfering elements. 

Dr. G. R. Webber of McGill University reports that the 

response curve for various Nb2055  additions is not linear as might be 

expected but curves at high intensities in a similar manner to spectro-

graphic working curves. 

Intensity can reach a certain maximum value, 	this 

case determined by the saturation of the ge=ger tuba. The response tails 

off exponentially. It may still be used in this range but must be carefully 

calibrated. Its degree of accuracy is alto much less. 

A Imo number of pottsible errors exist in X-ray  methods 

in general but loy traipse* calibration and reassay many of this* can be 

avoided. Considering Bolt, time, accuracy and availability of men and 

equipment X-ray analysis appears to be the most efficient method available 

at present. The choice of X-ray method depends largely on the type of 

ore, the preference of the operator and the grade. 

The method in use at Okg ti thought to be the most 

satisfactory compromise between simplicity of procedure and accuracy 

of results. 
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6. 

STATIVIICAL., TREAThitPir OF SAMPLING AND AWN' DATA 

It Is desirable in any treatment of data to knew how reliable 

the data are. It is also desirable to know, once having decided on the 

degree of precision required, how many measurements are necessary to 

reach this precision. 

Statistical methods castles applied only to precision 

(reproducibility) not to accuracy. As far as acturacy goes, we can only 

use an average value or the molt frequently occurring value. 

Regarding niebium assays a statistical approach is useful 

in the following instances: 

1) to determine the size et sample necessary to give better 
precision than that obtainable in the actual X-ray measure-
ments. 

21 to determine the degree of grinding necessary in sample 
preparation.. 

3) to determine the number of counts required in the spectro-
graphic sateatturemeuts. 

to etermine the number of assay runs required for a given 
precision. 

te talctilate the standard deviation of assay results. 

6) to compare and evaluate results of assays from various 
laberatories. 

7) to determine upper and lower detection limits. 

Applications of statistical methods to Oka ores has been tried 

with some success. A few cases of interest are described below. • 



7. 

• 

SAMPLING AND ASSAYING AT OSA.  

The following sampling procedure is used at Oka. The 

boxed cores are tested radiornetrically at *in inch intervals tieing a P. R. C. 

scintilation counter and slotted Lead shield. The sore is than  marked for 

sampling by the geologist using rock: type and radioactivity as guides. TIC 

comme is split sad the sample bagged. The samples ire crushed in a Braun 

chipmunk jaw crusher, mixed for ten minutes in an Abbe laboratory mill 

and divided into four equal parts. One-quarter of the original samples is 

pulveris d to -135 mesh in a Eico pulverlser type UA with specially 

designed molybdenum alloy plates. The pulverized sample is screened 

*vomit a type 3838 Tyler Hummer electric screen and the oversize re-

prilveerif.d and rescreened. The sample is mixed for ten minutes and split 

into fouur parts. 

The samples are assayed by the direct addition method 

described above. They are weighed on a Christian Becker analytical 

balance, mixed with the standard and Water ground in a Fishes automatic 

mortar( grinder for 1 minutes. The X-ray procedure has been previously 

described. 

The following personnel are employed:- 

One assayer 
One mpri to Weigh and mix saoapl+r,ffi. 
Two men in crushing room, 
One man to split core (part time). 
One man to measure radioactivity (part time). 

About 10 assays can be completed in a day. The cost is 

estimated at $10.00 per assay. 



• 
8. 

In order to test the reliability of Mont Bleu assays 

check samples were sent out about once itioonth. A comparison of 

some of these is shown in Figure 3 and in Tables 3 and 4. 

The standard deviatioi gives a measure of probable 

degree of precision of the various laboratories. Mont Bleuis 

standing should be considered in any appraisal of ore reserves 

based on their assays. 



DATE 	WEIGHT 

Feb. 15/54 	1000. lbs. 
Feb. 15/54 	.1008 lbs. 

Nov. 22/54 	200lber.. 

Feb. 25/115 	10 tons 

Mar. 15/55 
	

ZOO lbs. 
Mar. 15/55 
	

200 lbs. 
Mar. 15/55 
	

200 lbs. 

Mar. 15/55 
	

200 lbs. 
Mar. 15/55 
	

2#18 Ibis. 

TABLE .  

SOURCE ,.._........_..~ 
Lot 312 

Trench a~7i1 9 7 Miaow Prop. 
b" 	~y ii"f~ivY 

Lot 312 
#17 Manny Prop. 

Lot 312 
f 	Manny Prop. 

Lot 312 , 
# 9 Maw Prop. 
#17 	" . 	" 
#17 	!+ 	t' 

D.D.H. #5.22 - Core 
D.D.H. ##5--22 - Core 

I. 	 REPORT 

Queen* University 
All reports 

Mt. Pass  Mine 

Jeffrey Mfg. Co. 	to be sent 

Mt. Paso Mines 	to MOW. 
:14 	 Head Office 
Geele►rado. School 

of Mines 	. 1 

Mt. Pass Mine 	19 

Colorado School 
of Mines 	Sf 
	

11 

11 

I! 

It 

July 8/35 	2 toes Trench N 9 Manny Prop. 
Lot 312 
	

Quebec Dept of 

	

Mines 	I? 

April 1/55 	500 lbs. 

• Sept. 2Q /55 750 lbs. 
Nov. 1/SS 2411 

Oct. 12/55 	210 Lbe. 

Sept. 1/SS 2909 lbe. 

Nov. 8/55 	640 lbs. 

Dec. 14%55 22, 280 lbs. 

Dec. 22/55 2U, 080: lbs. 

Trench ##1.7 Malay Prop. 
Lot 312 

D.D.H. # Ai X 3 Core 
B.O.H. Iwt X 4 &c 

ONXScore i~►.~.H. ~ 31i X 3 Core 

D. D. H. #t N )C 1& 
# NX2Core 

D.13.H. #NXbCore 

Opia Pit Lot #216 

!} 	►1 	rt! 	4P 

Wah Chang Corp. 
I. Pass Mine It 

11 

!, 

Mt. peisd Mine 
Norges Tekniske 

Hoi ek+eile 

K. Reseerr 
Centre. 

Dept of Mines. 
Ottawa 

K. Research 
Centre 

Mt. Pass Mine 

Kenna cott 

Molybdenum 
Head ~ .. 

Eennebv1t1 
tMelyedeenum 
Hied Office 
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TABLE 3 

COMPARISON OF NIOBIUM ASSAYS 

Sample 
No. 

Mont Bien 
dE-aay , 

Brooker 
X-ray 

Q. D. M. 
X~r~.y_ 

K. R. C. 
X-ray fusion 

McGill 
X-raz 

Lucas 
Chern.. 

Ottawa 
X-ray 

Ottawa 
 Col. 

Q. M. T 
X-ray 

1051 . 50 . 50 . 47 . 55 .>52 . 52 . 44 .49 . 51 
1053 .12 .11 .12 .16 .11 .11 .12. .1Û .14 
1055 . 50 . 49 .42 . 56 . 45 . 70 . 49 . 53 •46 
1332 . . 55 . 55 . 62 . 58 . 54 . 59 . 64 .61 
1395 . 34 . 0.3 ;,0,5 	̀ . u6 . 04 . 05 . O5 .04 
1401 1.97 1.64 1. $O 1.58 1.60 1.69 1. 60 1.93 
1458 1.05 1.13 1.80 • 1.13 1.15 1.39 1.42 1.11 
1459 1.42 1.05 1. 30 1.10 1.02 1.05 1.08 1.11 
1461 .69 .69 1.I0 .72- .7t? .78 .73 .90 



TABLE 4 

alza, 	
00..s 

ASSAY VARIATIONS  

Sample No. 	Average 
Value 

Mont Bien Brooker Q. D. M. X. R. L. McGill Ottawa 
1. 	Z. 

Q. M. L 

••••••••••••••• ••••• ••••••••••+...11111& 1011•••••••••••••••••••• 

1051 	 .50 .00 .03 + .05 +. -.06 	+.01 +.01 
1053 	 .11 +.01 .00 + .01 + .05 .00 +.01 	-.01 -.01 
1055 	 .49 +.01 -.03 .07 + .07 -.04 .00 4.04 -.03 
1:.132 	 .58 -.03 + .04 .00 -.04 +.01 	+.06 +.03 
1395 	 .04 .00 +.02. + .01 +.02 .00 +.0L•+.06 .00 
1401 	1.62 +.35 +.02 + .18 - .04 -.02 +.07 	-.02 +.31 
1458 	1.11 -.06 -.02 + .69 + .02 +.04 +. 28 	+.31 .00 
1459 	1,07 +.3S 4.23 + .03 -.09 -.02 	+.01 +.04 
1461 	 .71 -.02 + .39 + .01 .-.01 +.07 +.02 +.19 

1:1 	J 

Arithmetic Sum .96 .18 1.46 .29 .26 .53 	.49 .62 
Algebraic Sum +.70 -.08 +1.45 + .21 -.14 +.37 +.43 +.54 

Standard Deviation .13 -.015 . .03$ .039 .101 	.10 .12 

( S 	(d)2 	) 
n 

Average Deviation .06 .;05 .18 .c,i3 .03 .06 	.05 .07 
A = 	d 

n 
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Memorandum to: W. P. Hammond. 

From: J. A. Gower. 

Subject: Further Data on the Oka Property 

I) Mineralogical Studies- 

Work has begun on the details of distribution of pyrochiore, 

perovskite and niociite in the Bond zone. The Mokybdenum Corporation 

of America geologist will re.examine the core of th . Bond zone and from 

visual inspection, radioactivity, and grade. he will attempt to estimate the 

distribution of values. 

Z) Assaying- 

All of the McGill assays on Bond zone ores have been 

re-checked by the Mont Bleu laboratory. Good agreement was obtained in 

only a: few instances. The lack of agreement led us to review our assay 

pro-ceiures and techniques, to check on the possibility of interference by 

other elements, s$ to seek independent checks from other laboratories. 

Some Z8 of the samples whose assays showedpoorest 

agreement were sent out to Kennecott Research Center, to E. J. Brooker, } 

and to the Quebec Department of Mines. The results indicate that Mont 

Blau and Kennecott agree reasonably well but Brooker and Quebec 

Department of Mines are about 18% higher. The reason for this has been 

'the subject of considerable investigation by the Oka assayer and so far he 

it unable to assign the error. 



2. 

As far as we la Keane* are concerned agreement with Kennecott Research 

Center is all that is required but that still does net tell Molybdenum 

Corporation of America who to right. 

It has now been definitely established that the geiger 

response is seldom linear and the mathematical method based on this 

assumption is not generally usable. InstsM a calibration curve must be 

which shows the actual response. This is most conveniently done 

on loving paper, producing a familfamily of parallel working curves which 

vary only in positions depending on geiger response (which varies according 

to changes in X-ray tube current). 

3) Development- 

Although diamond drilling has stopped, at least temporarily, 

geophysical mapping is being continued. Geiger and magutometer 

traverses are being made across the contact of the complex and the Morin 

Series rocks. A large open cut 100' x 250' has been recently completed 

pan the Bond zone in the vicinity of DDH-T 36 and a 50 Ws bulk clha,l el sample 

sent to Kennecott Research Center. The grade of both the drill hole 

intersection and the surface cutis 0.63% Nb 05. An extra 50' of surface 

rock was taken to be sure the whole zone was crossed. This reduced the 

grade of the rock shipped to 0.45% Nbz05. 

Mapping of the open pit indicate as she interesting and 

significant features bearing on the origin of the deposit as well as proposed 

mining techniques. The first is that up to 15' of weathered bedrock 

covers the fresh material below. This could be mined at an extremely 



• 
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3. 

low cost and could provide about 500,000 tons on the Bond son* 

The second is that the carbonate rocks in the zone exposed show a 

relationship to blocks of ijolite and skarn indicating that they flowed 

plastically around blocks of altered 	hornfels and skarn and may 

therefore be younger than the ijolite. The skarns are thus interpreted as 

blocks of ijolite which on reaction with the carbonate "magma" are 

converted first to hornfels and finally by coarsening of grain size to skarn. 

4) Statistical Data- 

Graphs of various relationships have been prepared and 

are included for possible futurareference. 

Figure 1 is aplot of radioactivity versus urea 	and 

thorium values. The correlation is so good that a reasonably accurate 

estimate of Th and IT content can be made, based 4en radioactivity of the 

core. Fortunately all core has been tested radioreetric,ally and little 

further work is required to make. the estimates. Fortunately also the Thal 

ratio is fairly constant at about 2:1. 

figures Zr 3 And 4 are a set of graphs showing the 

distribution of values among various rock types. This shows not only how 

much of each ore type is present, but also the distribution of grade in the 

host rock. Marble, skarn and ijolite are the three types of host rock. A 

table (Table 1) sluming the totals. of footage and grade and their product 

indicates that marble provides over oae-half the Values but is rather low 

in grade (0.41%). Skarn and ijolite provide about equal amounts but the 

grade of the skarn is 1.05% compared with 0. 53% for the ijolite. 



Host Rock 

Marble' 

Skarn 

TABLE 1. 

HOST RO ES FOR NIOBIUM IN BOND ZONE 

Grade 	Ft. x Gracie 	% of total Fae►tase  

1622 

244 

0.41 673 57.1 

1.05 257 21.8 

3 249 21.1 

1179 100 

4. 

 

. A. ` Gower 
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