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RA.RE-ELEMENT MINER& LS IN PEGMA TI TES, 
..... ' . . ... 

YELL<JWXNIFE-BFAULIEU AREA, _ NORTHV~~ST TERRITORIES 

.. . J:Wr'.RbbUCTION 

pegmatite dykes, sills, and. stocks carrying tantalt.Un, colum­
bium, lithium, beryllium ana·tin mineral s a re widesprea d in Yellowknife­
Bee.ulieu region. The a rea throughout which they are common probably 
exceeds 1,000 squa re miles and scarcely 1 per cent of the peg;rr .t ite bodies 
estimated to be present in "t he "region"have.been closely prospected for 
such mineral s . Al though som.e of the tant8:lum and lithium deposits so far 
found may r ank wi~h the best known elsewhere, it seems improbable that the 
small fraction of pegrriatites'examined includes the best rare-element de• 
posits ::.n the area. Accordingl y , this report is designeq primarily to 
assist prospectors in the detection ancf evaluation Of pegmatites carrying 
rare-element minera ls." It'is.based mainiy . on the examination of nearly 
five hundred pegmatite bodies by the Geological Survey during the field 
sea.son of 1943; t his ·progr am could not have been carried out effectively 
without information concerning previous discoveries freely supplied by 
prospectors and companies active in the area ·-- part icularly by W. L. 
McDonald and G. DeStaffany of Ye llowknife, a nd by Consolidated Mining and 
Smelting Comr:e-ny of Canada , Limited. Capable field assistanc e was rendered 
by Messrs. y. o. Fortier, W. R. Sproul, J . A . Wooda rd, D. B . McDougall, e.nd 
J. R. Saunders. 

Ye llowknife-Beaulieu a rea c ompri ses about 5,000 s quare miles on 
the north side of Great Slave Lake, 600 miles north of railhead at Water­
ways, Alberta . It may be reached in season by boa t or by a ircraft on 
floats or ski s . Current freight rates by boat between Yellowknife and 
Waterways are $1.75 to $1.90 per hundredweight. Air freight is at 40 cents 
a pound. Aircraft based at Yellowknife and capable of carrying payloads of 
from 1,000 to 1,500 pounds may be chartered at from 65 to 85 cents a mile; 
the abundance of l akes in the region perinit landing almost anywhere. All 
these rates may not apply to large shipments. Gold to a value of about 
$14,000,000 has been recovered frcm the area since production started late 
in 1938. At one time five properties were operating (Con-Rycon, Negus, 
Ptarmigan, Thompson-Lundmark, and Ruth; See Figure 1 ) , but within the past 
year or so shortage in labour has stopped-Production a t a ll except the 
Negus mine. Opera ting costs exclusive . of depreciation lie within the range 
of $10 to $20 per ton milled. In addition, small mills have o_ 9rated a~ 
various times on other properties , including Ingraham, TuEe;ste.1 Developers, 
Goodrock, and Norma. Practically a ll Frospecting has been for gold alone, 
except that since 1940 considera ble sea rch has been made for tungsten. 
Prior to 1943 about fifty intrusions of rare-element-bearing pegmatite had 
been found in the area. Of nearly 500 examined i n 1943, tantalum-columbium 
-was found in 100, lithium in 30, beryll ium in 228, and tin in 22. It 
should be st~essed that many of these pegmatite bodies could not be closely 
prospected and tha t altogether they repr esent only about 1 per cent of the 
pegm.atites in the region; consequently, the rare-element poss i bilities 
should not be gauged on the basis of the described deposits. 

GEOLOGY1 

l This summary account may be supplemented by marginal notes on Geological 
Survey Maps 58 1A. (Beaulieu River Area , 1941) and 70 9A (Yellowknife Bay Area, 
1942) obtainable from the Bureau of Ge ology and Topography, Department of 
Mines and Res ources, Ottawa. 
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:. '.J;'l;i.e g. rea ... ts underla:j_n wholly by rocks of Precambrian a·ge a :frd'.· is 
characterized by a high- :proportion (perhaps · 50 to 75 per cent ) of ex-:· 
posed , bedr.ock. Th~ old e.st:; ; known rocks are v olcanic and sedimentary for­
mation~ . of . the · Yeli.owknife group (Ar chaean) . The sedimentary members may 
be div ided ~:ri.t o r e l ative l y una lter ed gr eywacke and slate , on the one hand, 
a nd tte :i;r " ~.l t er ed der;L va ti ves , nodular qua rtz-mica s chi st and sedimentary 
gneiss , on the other i · t hese are known. loca lly a s 11 cool 11 and _ 11 hot11 s ediments 
r e spective l y . As is implied by t hese t erms , the 11 hot 11 s ediments surround 
bodies of intrusive gr anitic rocks a nd gr ade outwards into 11 cool 11 areas. 
Differ ent ages of gr anitic i ntr usions have Jong been suspected i n the a rea 
and two a.re n ow defini telj' known to be pr E:-sen't . The older i s a grano­
diori t e containing n otable amount s of bioti t e or hornb lende or both of 
these minerals . The y ounger is ma inly a muscovite-bi otite gr anite with 
tourmaline -bearing pegmatiti c phases .• . In .. o. rea s a round bodies of the 
younger gr anite , pegma ti t e dykes a nd s ill s ·are much more common a nd the 
11 hot11 zo:r:i.e - is much ·wide r = tha n a. round the olc;ler gr a nodiori te. A leirge area 
of 11 hqt1Liseidimeri.ts a, round ·Bµc kham Lake sugge sts tha t t h e f ew stocks of 
y ounger gr anite pres ~rit~'a r e · offshoots f rom an underlying , extensive, 
y ounger .:g:r,;al?-ite ~tholith . - The r a r e - e l ement pegmatite s of t he re gion a re 
all thou ght to be r e l a. t ed to. the y Qunger gr a n i te ,. a, s a. r e tourma line-
bearing gold-quartz ve ins such as thos e a t Thomp son-Lundma rk mine. Diabase , 
dykes cut a ll the a b ove -mentioned rocks . Numerous f aUlts tr end north .to 
northwest up Ye l lowkni fe Ri ver Valley . Rocks on the east side of ea ch 
faultd1/:}Ve been. shifted r elat-ive l -:>r, -n orthwa r.ds f or :r;tffistances up .. to 5 miles. 
Many of the bedrock structures can be identif i e4 mot e '·readily on a ir photo­
gr a phs than on the ground . I n addition , in a r eas underlain by sedimentary 
rocks cut by peg;matite bodie~, ~ v ertica l ·a ir photagr.aph-will f r equently 
s erve as a deta iled ge ologica l ma pl • 

. . ;.:, 

1 Vertica l a ir photogr aphs a r e available f or part of the a rea only. They 
may be obtained from the -Chi ef , Bur eau of Geolo gy and Top ogr aphy, Dept. 
of Mine s and Resources, Ottawa . Accompanying the application shou~d b_e 
a sketch map showing the a r ea for which photogr aphs ·a r e r e quii- d , 8.'nd a 
money order payable to the Re c e iver Genera 1 of Ca nada cover:ing the cost. 
For v ertica l ' ·photcrgr a:'ph s the cost average s a-bbut ~O c ents ' per :·squ:ire mile• 
If these are not ava ilable ·and ob lique ph~t'ottaphs '(vrhich cost l es s ) have 
to be substituted';- the ba l a nce vfil l be · r efunded . All · t he Yellowknife­
Beauli eu ·area ·fs ·covered with '.·oblique photogr n"phs , which a re l oss useful 
than the v ertiCa l s -·but · a r e still of considerab le he l p . in prospectin g . 

PEGilfJA TI TES 
. .~ . ' , 

Pegma ti t es · ca rrying. r a r e - e lement -niinerS: ls a r e ·mo~t c ortunon in the · 
11 hot11 sediment'~ a round bodi e s of younger gr ani te . Some occur "Within the 
border phei:se s of such .bodies ; ' they have a~so - been found · cutt ing older 
gr anodiorite between Ross e:nd Red out La ke's . So f a r a s is lmown t hey do 
not occur wfthin the 11 cool 11 ,§ediments . Most of therii are tabula r-shaped 
dykes or sills but some · irr ~gular bodi e s may_ be termed stocks . 

The pegma ti te intrusions consist cl~ief ly of p i !i.k ; wh ite , a nd · grey 
f e ldspa r, milky quartz , and h oney- yellow to colourless mus covi te. The. . 
felds par includes both microcline and cl ea ve l andi t e , the "l att er a r a dia ting, 
platy varie t y of a l bi te . Othe r min e r a ls identifi ed a r e ber y l, spodumene , 
ambl ygon i te , lith iophirite , peta lite , l ep idolite , ca ssiter-ite , tantalit e­
oolumbite , tourIQ.B.line (including black , blue- gr een;. and r ed va rieties), 
garnet, gahnite (zinc sp i nel), gr aphi te , l azu1.ite , hornbl ende , fluorite, 
scheelite , moiybde:riite , a rsenopyrite , pyrite , and ilmeni te . Most of these 
minerals have a wide' dis t ribution, but a few .have been f ound i n one or two 
pegmatites only~ The ·i dentiti es 'of s ever a l other miner a ls have not yet 
be en establi shed. Minera ls wer e i dentif i ed i n the fie ld by means of blow· 
pipe , chemica l, and ·spec if ic gr avi ty tests, suppl ement ed by more complete 
investigati ons in Ottawa by H. V. Ell swor th of the · Minera logical section 
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of the Geol-0gic~l Survey. In view of the ho.ste with which most of the 
pegmo.tites 'Were~:xo.mined in the field, other ro.re-elan.ent minerals mo.y 
have bean- overlooke.d, At present, however, the only minero.ls of possible 
economic .. inter.est .seem to be those containing to.nto.lum, columbium., 
lithium, beryli1ium, o.nd tin. The particular varieties of minero.ls 
carrying these elements in Yellowknife-Beo.ulieu pegmo.tites l'.lre described 
in order to assist in their identifica. tion by prospectors. 

DESCRIPTIONS OF RARE-ELEMENT MINERALS 

.MINERALS CONTAINING TANTALUM AND COLUMBIUM 

To.ntalite-columbite 

C0tnposition: (Fe,Mn)O.(To.,Cb)205 All gradations a.re possible 
between ferrotanto.lite (FeO.To.205), mo.nganta.ntalite 
(MnO.To.205), ferrocolumbite (FeO.Cb205), o.nd 

·. mangnncolumbite (MnO.Cb205); small a.mounts of tin 
and tito.nium mo.y be present. 

Hardness: 6 to 7. 
.. 

Speeific Gravity: 5 .2 to 8 .2 (in(freasing with content of tan'talum. 
o.nd iron). 

Lustre: sub-meto.llic to meto.llic; opaque. 

Colour: steel-grey (columbite) to purple-black (to.ntalite). 

Colour of powdered mineral: dark brown to black. 

Cleavnge: one good, 

Habit: well-formed crystals -- a high tanto.lum content i! 
commonly associated with blocky, more or less 
equidimensional crystals, whereas high-columbium 
varieties seem to be characterized by thin, platy 
forms. The largest crystal of tantalite observed 
was in Dyke (1), Ross Lake o.rea (See Figure 2), 
and measures 2 inches square by. several inches 
long. 

Minerals in Yellowknife-Beaulieu pegmatites that are most easily 
confused with tanto.lite-columbite include tourmaline and black lllteration 
products _of spodumene and lithiophilite, but all these give a white to 
grey powder and ho.ve specific gravities only a.bout half that of tantalite­
columbite. Cassiterite also resembles ta.nto.lite-columbite, but can be 
distinguished by the lighter colour of its powder, and by its reaction 
with zinc and hydrochloric acid (See under Tin). In some pegmatite 
bodies, black minerals are present in such tiny grains tho.t ordino.ry field 
tests cannot be used; tanta.lite-columbite should be suspected in the case 
of those grains that are haloed by dark red feldspar; the haloes commonly 
extend less than a millimetre outwards from such grains. 

Tantalite-columbite is a mineral of widely Varying composition. 
As varieties rich in tantalum may command up to ten times the price of 
columbite ores, the worth of a to.nto.lite-columbite deposit cannot be 
estimated until the average composition of the mineral present is known. 
Acc~rate chemical analysis of tanto.lite-colum.bite is a most difficult 
tas~ and quite beyond the capabilities of most assayers, In consequence, 
producers of t he mineral may have to rely on determinations ma.de by the 
puroho.ser. However, the specific •gravity of tantalite-columbite increases 
with the tantalum content, as is shown in To.ble · I· Thus, if the specific 



-4-

gravity of the mineral is mea sured, its approximate composition can be 
determined by reference to the t able. 

·----... ... .. . -· . .. 

1l 
Tab l e I 

RelatioE: __ of Specific Gr a vity to Composition in Ta.ntalite-Colurr:b ite 

-Prepared .by H. V. Ellsworth, Geologica l Survey.. The apparent 
discrepancies in the relationship may be due to the presence of gangue, 
variations in the iron a nd ma nganese content, or to other factors. 

Specific Ta205 Cb205 FeO MnO Impurities Total 
determined 

Gravity % % % er! 70 % % 

5 .259 o . 83 76 .6 4 6 . 95 10.25 5.09 

5.262 0 .83 76 .2 ~ 7.65 11.2 9 4 .19 100.22 

5.2726 11.33 63.77 11.38 8 .79 4 .3 7 ( i ncl. 
1.50 _T i02) 99 .64 

5.32 5.26 72 .3.7 15.04 5.97 1.25. 99 . 89 

5.32 5.87 71.38 15 . 86 5 . 33 1.48 100.04 

5.383 2.74 73 .45 11.32 9 .70 1. 96 

5.395 77.97 17.33 3.28 1.34 . 99~92 

5.396 19 .72 62.80 11.16 2 .85 1.28 97 . 31 

5.52 12 .60 64.60 15.00 7 .30 0.40'Sn02 99.90 

5 .65 17.86 60.59 14.82 4 .73 1. 93 99 . 93 

5.65 9 .22 68 . 99 16.80 3.65 1.61 ~ Sno2-t-
W03) 100.27 

5.661 _22.12 56.48 8 .07 12.45 0 .71 99 .83 

5.73 18 .95 60.~5 12.86 7 .07 99 . 83 

5 .73 . 19 .44 60.46 12 . 95 7.00 99 . 85 

5.74 . 16 .25 62 •. 64 13.06 6 .11 2 .24(incl. 
l.or wo3 ) 100·.30 

5.75 22.79 56.43 15 .82 2 . 39 2 . 68-( inc 1. 
1.07 W03) 100 .ll 

5.780 19 .71 60.52 12.64 7 . 51 0 .0 9 100.47 

5.804 18 .93 61.72 11.21 8 .6 7 0.25 100.78 
1 1 

5 .890 18 .20 54 .09 11.21 7 . 07 "" 0 .31- 90 .88 

r-· 
Possibly as much as 28-•20 ·per cent Ta2o5 or 64 .09 per cent Cb2o5 
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Specific Ta.205 Cb2o5 FeO MnO Impurities Total 
determined 

Gravity C1f % % % % C1f 
/ 0 /0 

5.901 23.43 57.32 6.29 13.55 0.09 100.68 

:6.04 
1 

73.83 t,ic;44 8.42 1.39 7.78 Ca.O, 99. 73 
0.62 MgO, 
o.54 Tio2, 
0.72 Sno2 , 

6.082 42.15 40.21 16.00 1.07 0.18 99.61 

6.151 28.55 51.53 13.54 4.55 2,02 100.19 

6.170 34.27 47.22 1.89 16.25 0.32 99.95 

6.181 34.04 47.05 11.15 7.80 0.30 100.34 

6 .211 23.97 49.~6 9. 86 11.98 3.92 (incl. 99.29 
2.17 SnOJ. 
0 .96 Wo 3 

6 .232 40.19 41.69 9 . 88 8 .70 0.11 100.57 

6.245 35.14 46.59 7.44 10. 94 . 0.18 100.29 

6.26 30.58 48.87 15. 70 2.95 1.45 (incl. 99.55 
0.91 wo3 

6.311 49.64 ' 29.27 i3.77 2.88 3.24 (incl. 98.80 
2 .49 Sn02 -t" 

W03) 

6.373 44.87 37 .29 6 .87 11.02 0.09 100 .14 

6.376 41.14 '40.37 S.28 9.09 1.01 99.89 

6 .393 44.55 37.91 6.70 11.05 0.09 100.30 

6.445 42.09 40.28 6.70 11.23 . 0.19 100 .49 . . 

6 .469 44.48 37.28 9 .29 8.68 0 .16 99.89 

6.515 42.96 39.94 8,59 8.82 OeOl 100.3.l 

6 .565 42.92 40.07 9.73 7.24 0.20 100.16 

6.59 52.29 30.16 0.43 15.58 0.37 98.83 

6 .592 57.60 24.40 14.46 2.55 1.14 100.15 

6.612 47 .11 35.11 8 .37 9.26 0,35 100.20 

6,707 52 .49 31.31 6.10 10.71 0.09 100.70 

6.750 53.28 29.78 6 .11 10.40 0.13 99.70 

Ca.lciotanta.lite from Wodgina 



Specific 
Gravi ty 

6.84 

6.88 

7.03 

7.03 

7.232 

7 .2 72 

7.277 

7.301 

7.314 

7.36 

7.384 

7. 72 

7.74 

7.773 

7.789 

8.200 

1 

Fe 1) 

56 .90 26 .• 81 10 . 05 

59. 92 23.63 12 . 86 

65.60 10.88 

68~65 15 .11 1.63 

69.95 14 .47 2.68 

63 . 58 19.24 9 .1 9 

69.97 12.26 

70.53 13 .14 14.30 

7 ~ . 81 . 4 .47 1.17 

68 .1 5 11.15 15 . 32 
' 

, 
70.49 7.63 i . 34 

76.34 7.54 13 . 90 

79 .0 l 8 .33 

80 . 61 2 ~50 10 .89 

78.20 6.23 14 . oo 

83.39 1.46 11.13 

78.35 6.24 14.05 

82 .23 3.57 12 .67 
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rfinO 

5 . 88 

3 .06 

Impurities Total 
determined 

% % 

99 . 64 

0 . 34 99 .81 

17.42 6.10 Snu2 100 . 00 

14 . 15 1.03 inc . 
0 . 40 'l'i02 

12.54 0 .36 SnC2 

.5 . 97 1.93 

14 .83 2 . 92 Sn02 

1.20 0 . 82 Sn02 

13 . 88 1. 00 

2 .• 61 2 . 97 

10.87 9 . 89 i nc. 
8 . 9 Sn02 

1 .42 0 . 70 Sno2 

12 .13 0 .3 9 Sn02 

3 .78 2 .70 inc. 
0 . 71 Tiu2 

0 . 81 0 . 68 ·sno2 

2 . 64 0 . 34 Ti02 
. 03 Sno2 

1.14 0 . 58 

1. 33 0 . 32 

100 . 64 

100 . 00 

99 . 91 

100 .00 

99 . 99 

100 .33 

100 . 22 

100 . 22 

99 . 90 

99 . 86 

100 .48 

99 . 92 

98 . 991 

100 . 36 

100 . 12 

. MINERALS CONTAINI NG LITHi illl'l 

Con:-position: Li 20.Al 2u3 . 4Si02, theoretically equivalent 
to a content of 8 .4 per cent ' lithiu,m oxide j 
most varieties carry only 4 ·-cc; 7 per cent. 

Hardness: 6 t o 7 . 

Jemubi River yalley, Uganda . Imp . I nst. analysis 
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&peoi.fie gravity: 3.1 to 3.2. 

Lustre: pearly on cleavage faces; translucent. 

Colour: light grey to greenish grey (apparently easily 
altered to a yellow, very fine-grained 
micaceous aggregate that retains .the long 
prismatic outline of spodumene, or to a 
dark green to nearly bla·ck produ·ct that 
retains both the outline and cleavages of 
spoduniene). 

Colour of powder: white. · 

crea-vage:' three good, ·an parallel to the length. 

H~bit: long, prismatic crystals; the largest seen are in the 
· McDonald pegmatite where several crystals 

exceed 10 feet in length e.nd re.ng.e to more 
· than 2 feet in ·thickness. 

The only minerals that resemble spodumene in the ·Yellowknife-·· 
Beaulieu pegmatites are coarsely crystalline grey feldspar and amblygo­
nite. The form.er is relatively ra:re (most feldspar' is pihk to cream 
coloured) and shows three cleavages at about right angles to each other, 
resulting iri cubic or oblong shapes, whereas spodumene cOmm.only breaks ·· · 
into long splintery forms not commonly characterized by faces at right 
angles. Amblygoni te has a distiricti ve chalky appearance on the weathered 
surface and is in more or less ,equidimensiona.l crystals as contrasted 
With the :ma~kedly elongated crystals Of spodumene • . 

Amolygoni te · 

C6mposi tion: A1203 .P205 .2LiF, corresponding to a theoretical · 
content of 10.1 per cent lithium oxide; most 
inirieties carry about 9 per cent. · 

Hardness: 6. 

Specific gravity: 3 to 3.1 

Lustre: greasy on some faces, pearly on others; translucent. 

Colour of powder: white. 

Cieavage: two good, at about 75 degrees~ · 

Habit: more or less equidimensional cryst~ls and aggregates; 
the largest observed are in .the Moose dyke where 
aggregates exposed on the glaciated surface 
measure nearly 3 feet in diameter • 

. Spodumene is tp.e 'only mineral apt to be confused with amblygo""I 
nitei the chalky weathered surface and cleavage angle are diagnostic of 
the le. tter • 

Li thiophili te 

Composition: Li?0.2(Mn.,Fe)o.p2o5, equivalent to a lithium. 
oxide content of about 9 per cent. 

Hardness: 4 to 5 (can be scratched easily with a knife) 
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Specific gravity: about 3.5 

Lustre: resinous; translucent when not altered. 

Colour: yellow-brown in fresh specimens; alters readily to 
a dark brown to purp~e-black. 

Colour of powder: light brownish grey to white. 

Cleavage: three, good. 

Habit: irregularly shaped aggregates; in the Prelude Lake 
pegm'ltites these are up to a foot across. 

Some weathered crystals coated with manganese stain resemble 
cassiterite and tanta.lite, but are distinguished by their much lower 
specific gravity. 

Petalite and Lepidolite 

These minerals carry less than 5 per cent lithium oxide, and 
have been identified in. one pegrnatite each. The scarcity of lithia 
mica in pegmatites carrying abundant spodumene .and amblygonite is note­
worthy. 

MINERA~ CONTAINING BERYLLIUM 

Beryl 

Composition: 3BeO..Al2 o3 .6~i02 , equivalent to a -theoretical 
content of 14 per cent beryllium oxide; natural 
varieties may carry as little as .ll per cent. 

Hardness: 7.5 to 8 (scratches glass readily). 

·Specific 'gre.vi ty: 
;1·: .... 

a betlt· 2 • 7 ·· ·--- · _ .. -·- - _._-.: · -· - -· ·--- · 

Lustre: vitreous; translucent. 

Colour: va.rious shades of green to white; also light blue and 
. golden yellow. 

Colour of powder: white. 

Cleavage: poor or absent. 

Habit: commonly in distinct six-sided prismatic cry~tals; 
occasionally barrel-sha.ped, that is, thicker 
in the middle than at either end. 

, . 

The white variety resemble.s quartz but in most places showa 
sharp hexagonal crystal boundaries, whereas practically all the ~uartz 
in Yellowknife~Bea.ulieu pegmatites is massive with irregular outlines. 
The largest· beryl seen is in a dyke near Blaisdell Lake where a b&.sal 
section of two intergrown crystals measures 12 by 18 inches. 
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. . . .. : 

LUNE~LS CONTAINING TIN 

Cassi terite 

Composition: Sno2; equivalent to 78 .6 per cent tin. 

Hardn~ss · : '' 6 (can just be scratched with a knife). 

Specific gravity: 7 • 
.. 

· -Lustre: adamantine; almost opaque to translucent with red-
brown internal reflections (resembles the 11 black 
jack11 variety of sphaler:i,te). 

Colour: dark brown t o bla ck. 

Colour of powder: grey to light brown. 

Cleavage: one good (not common in cassiterite elsewhere). 

Habit: more or l e ss equidimen11ional aggregates; the largest 
·· · ·' seen measure a ·oout a cubic inch arid are in the 

Sproul Lake dykes . 

All cassiterite r ecogniz ed so far in Yellowknife-Beaulieu area 
is brown-black and closely resembles tantalite-c~~\Ufibite. The colour of 
the powdered mineral is usually sufficient t o distingu ish the two minerals, 
that of cassiterite being much lighter than the dark brown to purple-black 
powder of tantalite-columbite. The best dia gnostic test for cassiterite 
is obtained by placing the . suspected m~neral. in .conta ct with zinc and 
covering this with P.y~r.ochlor'ic acid . Within a few minutes cassiterite 
will become coated wi~h a dull . grey film of metallic tin, which becQnes 
bright . on being rubbed. . . 

TREATMENT AND DISPOSAL OF TANTALUM-COLUMBIUM , LITHIUM a. 
BERYLLiillJI, AND TIN ORES . 

Information concerning 'methods of milling and conc entrating 
rare-element minerals may be obtained from the Bureau of Mines , Depart­
ment of Mines and Res ources, Ottawa . Cur.rent prices and lists of possible 
buyers of such concentrates may be had on application t o this Bureau, or 
to t he Metals Controller, Department of. Munitions and ·Supply, Ottawa. 

DESCRIPTIONS OF DEPOSITS 

ROSS IA KE AREA 

Peg. Jol . and Other Groups 
' . ' . 

In 1943, durl.ng the geological mapp~ng of a. ·granodiorite a.rea 
east of Upper Ross Lake ( 45 ~iles northeast. of Yellowknife) 1 Qeveral 
hundred pegma ti te dykes were found, in sixty 9f wh·ich a pr·eliminary 
e:xami~ tion disclosed tantalite-columbite. Tb.e· pegmatite bodies range to 
more than 500 f·eet in length and 40 fe et in width , and traverse grano­
diorite cut by diorite dykes (See figure 2) that strike northwest and dip 
steeply east. They commonly t rend southwest, dip about 50 .degrees to· the 
southeast, and are offshoots from a peg;rnatitic granite body that surround$ 
Redout Lake. This body is at least 5 mil es in diameter and may extei1 ~ 

east and southeast for 15 miles to join with a younger granite salient 
north of Consolation Lake, So far a.s is known , prospecting for rare-element 
minerals around this mass has been limited to about 10 square miles between 
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Upper Ross and Redout Lakes . -- Within this area , a preliminary examina • 
tion i ndicates a rude zoning in the pegrnatites extending outward from 
the. .. _y9unger granite body. Those nearest to it conta in considerable 
graphic granite and few rare- element minera ls other than b eryl. The 
pegmatite intrus ions l y ing betwe en 1 and 2 miles f rom the granite con­
tain most of the rare-element minerals, i nc l uding t he best tantalite ­
columbite concentrations seen . Beyond this , spodumene and , in one 
dyke , petalite, become promine~t , but the content of beryl a nd tanta lite­
columbite diminishes . The description givEJn below applies t o pegrnatites 
in the zone lying between 1 and 2 miles out from t he main granite body. 

Most of the area shown in Figure 2 is contained in the Peg 
group of four cla ims owned by J .R. Saunders of Yellowknife, N.W. T. Ad­
joining these on the east and south are the Jol claims staked on b eha lf 
of Radium Luminous Industri es_. Limited . Other claims are repo1·ted to 
have b een staked in the vicinity. 

The pegmatite bodi es consist l arge l y of feldspar, quartz , and 
musc ovi t e ~n irregula r m~xtures and intergrowths . Few of the dykes show 
any marked banding para ll el t o the walls, al though quartz is quite common 
as a band or as disconnected ·l enses al ong and near the centr e of a dyke . 
The f eldspa r i ncludes both mi crocline- perthite and albite . The f ormer ie 
in crystals up to more than a f oot a cross, . i n part showing ragged, partly 
replaced border.s. Albite is in sma ller aggregate s , sOme of which exhibit 
the -radiati ng l ame llar habit of cleavelandite. Rare- element miner a ls 
identif i ed with . r easonable certainty include (in ab out their order of 
relative abundance) beryl ~ tanta li te -columbite , t ourma l ine , lithiophilite, 
and lazulite . 

Tantalite-columbite occurs i n b locky crystals up to 2 inches 
s_quar e and several inches long (Dyke · 1 .• Fig}1r e 2), f:\.nd in plates up to 
2 inches by 4 inche s (Dyke 2 ,- Figure 2) . It occurs characteristically 
within albite near quartz l enses : but was f ound in ea ch of perthite, 
quartz, mU:scovi t e; and- beryl. . rt a pp ears t o be most common in the 
medial and upper 0rts of ~he dykes . Some dykes only 4 inches a cross 
contain tantalite-colu.mbite. Specifi c gravity determinati ons on samples 
of the minera l fr om variou·s dykes shown in Figure 2 are given in Table II• 

Table II 

Specific Gr a vity of Tanta.lite-Columbite from Ross Lake Ar ea 

No. Sp . Gr . Dyke. . 

1 7.2 (2) No. 1 . 

2 7.6 (a.) Noe 4 . 

3 7. 22 (b ) 150 feet northwest of No. 4 . 

4 7 . 52 (b) 250 feet nor thwest of No. 1· 
5 7 ,,80 (b) No. 4 ; pr a. cti ca. lly free from gangue . 

6 7.87 (b) Noo 4 ; almost entirely fre e f rom gangue; 
preliminary c~_emical te sts . 
showed 1.5 per cent MnO, Ti not 

- hi~h , Cb doubtful , Sb H.nd Bi 
nil . 



No. 

7 

8 

9 

Sp. Gr. 

7 .6320 (c) 

7.6562 ( c ) 

7.5981 (c) 
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Dyke 

No. l; conrse concentrate from bulk 
sample A as received. 

No . l; coarse concentrate from bulk 
sample A after partial removal 
of some of the gangue impurities; 
chemical test showed r.> tin. 

J.\! O. 1; coarse concentrate from bulk 
sample Fas received. 

(a) Measured in field on Westphal ba lance by Y. o. Fortier. 
(b) Measured on Joly ba lance by Ho V. Ellsworth. 
(c) Measured in fused silica pyknometer by H. v. Ellsworth. 

These sp ecific gravities correspond to tantali~es elsewhere 
that ca rry from 63 per cent to more · than 80 per cent Ta 2o5. ~See Table I). 

· Two samples of tantalite-columbite from the Ross Ift.ke a rea, sent by J. R. 
Saunders to the Office of Economic warfa re, Washington, u. S. A ., were 
forwarded to the Fansteel Met al lurgical Corporation, North Chica go, Ill­
inois, who reported 11 

••• the massive appearing mineral was found to con­
tain from 6.8 per cent to 76 per cent T~ 2 o5, while the . tabula r mineral was 
found to conta in only 14 per cent Ta 2 o5 and . is undoubtedly columbite •11 l 

1 Personal communica tion frorri J. R . Saunders. 

Apparently both high-tantalum and hi gh-columbium varieties occur in the 
Ross Ifake dykes, but, in view of the results presented in Table II, high­
grade tantalite must be much the more common. 

Preliminary field examination of the dykes shown in Figure 2 
suggested that those numbered 1 to 4, inclusive, carry the most tantalite­
columbite. Time and equipment available permitted ·samp ling No . 1 dyke 
only... The samples represent material obtained from shallow bl:t c; ts located 
at those places where minimum drilling was required; a t the same time an 
endeavour was made to distribute the sampled a reas so as to include both 
the borders and medial parts of the dyke and to avoid those places where 
tantalite-columbite concentra tions were seen on the exposed surface (See 
Figure 2). The samples were treated at the Ore Dressing and Meta llurgical 
r_.a.boratories, Department of Mines and Resources, Ottawa. 

"The method used was to crush the sample to pass a 20-mesh 
screen. The ore was screened on 35- 48 - and 65-mesh screens ••• 
Each of the ., 65 mesh products was then concentrated on a Wilfley 
table separately. A rougher concentrate was obta ined . which was 
recleaned. The middling and tailing were then reground to pass 
a 65-mesh screen and combined with the original -65 mesh ore. 
This -65 mesh fraction was then tabled. Four concentrates were 
thus obtained from each sample." 1 

l 0 rnterim Report on ·Tin and Tantalum Ore from the Ross Lake Area , North­
west Territories", Investigation No. 1565, Report of the Ore Dressing 
and Meta llurgical Ifaboratories, Ottawa ; p . 5, January 6, 1944. 
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Table III 

Concentration Te.sts on Tantalite-Columbite Ore, Ross Lake Area 

-•.' . :We i ght : We ight of concentr ate :Ca lculated we.ight 
Sample: in in gr~ms of concentrate 

:pom:ids: -20t35:-35+48 :-48 t 65 : -65 : Total recovered per ton 
of ore, in pounds 

A 29 86.0 41.0 23 .8 54 .0 204.8 31 .14 
B 22 0 .4 0 . 3 0 .3 2 .2 3 . 2 o .64 
c 22 0.3 0 . 3 0 .4 0 .8 1.8 0 .36 
D 22 4.7 3 .0 2 .3 7.9 17 .9 3.59 
E 22 2 .1 0 .5 : 0 .8 2 . 4 5.8 1.16 
F 35 53.2 19.5 18 .o 51. 2 141.9 17 •. 88 

. . 
Mean 9 .13 

Pegmatites are noted for the erratic distribution of their 
mineral constituents, .and No . 1 dyke is no exception. Sample F was taken 
nearly 5 feet from any -ta-ntal-ite-columbite visible on the surface, yet 
th~ n.eavy concentrate r~presents nearly 1 per cent of the head sample, and 
a specific gravity .test 'shows that the concentrate, in the coarse fraction 
at lea st , · is almost wholiy tantalite-columb~te (See 9, Table II). Con­
versely, sample B was taken at a pla ce where tantalite-columbite was ex­
posed yet carr{es only 0 .03 per cent recoverable heavy concentrate. If 
the arithmetic mean of all the samples be a ccepted, the shoot wi ll carry 

' .. 9.13 pounds r~coverable concentrate per ton for a length of 65 feet a.nd 
an average width of 7 feet . (equivalent to about 6 feet true width at a. dip 
of 55 degree s.) • . Such a shoot would contain about 38 tons of rock and 350 
pounds of r e coverabl~ conc entrate per vertical f.oot. 

A weighted average sample from all t,h.e twenty-four fractions in 
the concentrate was pr'epared and analyzed 1. 

1 By H. V. 'Ellsworth, Ge ologica1 Su~_vey. • i 

Tab le IV 

Analysis of Tantalite-Columbite Concentrate, Ross Lake Ar.ea 

Per cent -----
·( TaCb) 2o5 82 . 37 

1.59 
"! 

Ti 02 

FeO 13 .91 (1) 

MnO ·o .66 

Sn02 
0 .14· (2) 

wo
3 

Not detected 

Ins oluble 0.62 . ( 3) 
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Includes iron from pyrite and any steel 
particles present. 
Sno2 is possibly less than 0.14 per cent. 
A spectroscopic test by F. J. Fraser, Geo-
logical Survey, showed a very little tin and 
no tungsten. 

(3) The insoluble material does not represent 
quite the total amount of gangue minerals 
present, as feldspar and mica are more or 
less completely decomposed by the fusions, 
and only their constituent silica may ap­
pear .. 

The above resu1 ts, iri conjunction with the high specifi.c gravity 
values obtained on the conceritra. te, ·indicate that -concentrate recover­
ed will contain about ·75 per cent Ta 2o5 and that it will not contain 
sufficient tin and titanium oxides to exceed the 3 per cent commonly 
allowable without penalty. 

BUCKHAM IA KE A REA 

McDonald Pegmatite (Lita 1 to 4) 

Mr. w. L. McDonal,d of Yellowknife reportild to the Geological 
Survey in 1940 the discovery of a pegmatite dyk~ cont/3.ining abunda~t large 
spodumene crystals. The deposit was examined on August 28 and 29, 1943, 
a:nd has since been staked by Mr. McDonald on . behalf of Frobisher Ex- ,· 
ploration Company, Limited, 

The McDonald pegma ti te lies 3-! miles' due west from a point o;n 
the west shore of Buckham Lake, 3 miles front its north end, and about 50 
miles slightly south of east from Yellowknife. A winter !oad from Ruth 
mine, 13 mqes to the · northeast_, extends southwesterly from .. Buckham Lak,e 
about 20 miles to Francois Bay, where there are a dock ' and warehouse. 
(See Figure 1) Small aircraft might be able to land on lakes lying 2 
miles west or a mile north of the deposit • 

. The -pegma tite body strikes north 80 degr·ees· west, has an 
average dip of 60 degrees to the south, and is apparently conf9rmable 
with bedding in the enclosing nodular greywacke of the Yellowknife group. 
Its outcrop is nearly 400 feet long and 12 to 55 ·feet wide with a true 
average width for this length of about 25 feet (See Figure 3 ). At both 
ends the pegma.tite body passes beneath drift that extends for 100 feet or 
more in either direction along the strike. No other pegmatite outcrops 
were seen .• . :. . 

} 

Sections across the McDona ld pegmatite show four main mineral 
zones, of which the two centra l ones are spodumene-bea ring. Along either 
edge is a band consisting of quartz, feldspar, and light yellow muscovite 
in about equal proportions a nd with crystals uniformly a bout an inch 
across. The band along ~he footwa.11 side is up to 3 feet wide, whereas 
that along the hangingwall is up to 8 feet. These pass gradationally into 
a spodumene-rich centra l section that may be divided into upper and lower 
parts of a bout equal width. In the upper (southern) half, the quartz a nd 
feldspar (mainly pink cleavelandite) occur commonly in discrete Itltlsses up 
to several feet across. Very little mica is present with these minerals, 
but · "books" up to B inche_s· a cross and 3 inches thick of golden yellow 
muscovite occur at intervals a long and near the upper contact with the 
even-granular hangingwall zone. The lower (n9rthern) half of the spodumene­
rich section consists of intergrown quartz, cleaveiandite, and a little 
musQovite up to several inches across. The crystal aggregates become 
smaller and the proportion of mica in~reases towards the footwall. 
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Beryl, amblygonite , and lithiophilite occur in the upper half 
of the central zone but together a ggr ega te l e ss th~n l per cent. 

These differences in mineral content a.:qd gro.in size t etween 
the upper o.nd lower ha lves of the central zone are not displayed by the 
spodumene. Both parts contain about 30 per cent spodumene by weight, 
and the crystals (which ar e corrunonly elonga ted at about right angles to 
the walls) are equally large in each. Just north of the 50-foot picket 
(See Figure 3) a crystal face of spodumene is exposed for a length of 
9-:-r-feet and is up to 0.75 foot wide. Irmnedia tely south of the same 
picket another face measures 8 feet by 2.3 feet. Between the 250- and 
300-foot pickets numerous large crystals extend to within a foot or two 
of either wall; the largest crystal face measures 10.7 feet by 1 f ,oot. 
About tvventy other spodumene crystals in both halves of the centra:1 zone 
approach these dimensions; from these upper limits the crystals range in 
size to some that a re only a.bout an inch across. By far the greater pro­
portion of the spodumene is in crystals more than a foot long . The mineral 
contains less than 5 per cent visible impurities · (chiefly quartz 'stringers), 
and none of the dull dark green or yellow micaceous alteration products, 
co:nrnon in other spodumene-bearing dykes, is evident. A 5-pound sample of 
spodurr.ene chips . collected throughout the pegmatite was crushed and divided 
:i.n a Jones sampler and a.nalysedl with the following results: 

1 By R. J.C. Fabry, Analyst, Mineralogica l Section, Geological Survey. 

Table V 

Analysis of Composite Spodumene Sample, McDonald Pegma ti te 

Per cent 

Si02 · 64.09 

Al2o3 27.06 

FeO 1.25 

cao 0.51 

MgO 0 .27 

Li 2o 5.70 

Na 2o 1.59 

K20 0.15 

MnO 0 .02 

100.64 

Although lichens prevented close search, tantalite-colum.bite 
was found up to within 5 feet of either wall, and at intervals of less 
than 10 feet a.long the outcrop. The mineral appears to be more common 
and in larger crystals in the upper half of the spodumene-rich central 
zone. Thre e patches were seen containing tantalite-columbite up to 2i 
by l i inches by 1 inch. Elsewhere in the pegmatite body several crystals 
averaging about a millimetre a.cross ma y occur in ea ch square foot through­
out areas up to 50 square fe et, as, for example, immediately south of the 
picket line between 25 and 45 fe et, and between 250 and 270 fe et. The 
larger crystals are more or le ss equidimensional; the smaller ones have 
a. ':Jladed ha.bit. Most of them occur in cleavelandi te. Two of the coarse 
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clusters are associated v1ith white beryl, spodumene, a.nd amblygonite; 
the other with spodumene a.lone. Masse s of pur e quar t z and pure cleave­
landite up to several feet across are nearby in all cases. Specific 
gravity determina tions were made on seven of t he lar ger crysta ls of 
tantalite-columbite. The results r a nged f rom 6.4 to 7.2535 and a vera ged 
6.76. Most of the crystals conta ined some gangue. 

The spodumene-bearing part of the pegmatite is about 400 feet 
long and averages 22 feet wide (about 19 feet true width at an average 
dip of 60 degrees ) . A body this size will contain about 750 tons per 
vertical foot. The mineral content of this part of the pegmatite was 
obtained by running a series of taped traverses, each 10 to 20 feet long 
and aggregating 290 feet, along which the intercepts of the various 
minerals were measured. No particular systern could be followed in laying 
down these traverses, due to irregularities in the surface and in the moss 
and lichen cover. However, most of them were taken about parallel to the 
walls as most of the spodumene is elongated at about right angles to this 
direction; no traverse was measured in which the line followed the elon­
gation of any lar ge spodumene crystal. Apcording to theoryl, the lineal 

1 Holmes, A.: ttpetrographic Methods e.nd Calculations 11
; 

Thomas Murby and Co., London; pp . 310, 311 (1930) . 

percentage of any mineral thus obtained is equal to the areal or volume 
percentage, from which the weight percentage can be calculated. The areal 
percentage of spodumene a.long traverse lines ranged from 6 per cent to 45 
per cent and averaged 27 per cent. This is equivalent to 30.7 weight per 
cent spodumene. 

No close estimate could be made of the tantalite-columbite con­
tent of the entire pegmatite mass. Three areas, totalling 18 square feet, 
were found that contain tantalite-columbite aggrega tes sufficiently coarse 
so tha.t areal percentages could be measured, Assuming the mineral to have 
an average specific . gr avity of 6.8 (See Table V), the pegma tite represented 
by the 18 square feet would carry about 1. 3 weight per cent of tantali te­
columbi te. Probably the rest of the deposit (about 95 per cent) would 
carry only a very small fraction of this amount, but this will not be known 
until large-scale bulk sampling is done . 

Campbell Pegmatites (Lita 5 and 6) 

Pegmatites carrying rare-element minerals were found at the 
north end of Buckham Lake severa l years ago by prospectors searching for 
gold, Information concerning one of these was obtained i n 1942 from Dr. 
Neil Campbell2 They were examined by the Geological Survey on August 27, 

2 Geologist, Consolidated Mining and Smelting Company of Canada, Ltd. 

1943, and are now included in mining 0la ims Li ta 5 and 6, stab rl. by W. L. 
McDonald on behalf of Frobisher Explora tion Company, Limited, 

Scattered exposures of pegmatite occur within an area extending 
southwesterly along the north shore of Buckham .Lake for about 2,400 feet, 
and inland for less than 200 feet (See Figure 3). The country rock is 
nodular greywa.cke that strikes northeast and dips about 75 de grees north­
west, parallel or nearly so to the peg;rnatite bodies. Some of the five peg­
matites . described separately below may be parts of the same body. 

The northernmost peg;natite is represented by two outcrops 50 feet 
apart, up to 35 feet in diameter, and wholly surrounded by drift. Orte 
hundred and thirty feet south acros~_the bedding a second s ill begins in 
nodular greywacke and can be traced· 250 feet southwest to where it ends in 
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drift; in ,this distance it is up to 30 feet wide and averages 15 feet. 
Fi'\Te hundred ·and fifty feet southwe.st aoross drift a third sill out­
crops at inte.rvals for a length of a.bout 200 feet; - it has an average 
width of 4~· feet. Parallel to this, and 15.0 feet to the southeast, a 
fourth sill lies a.long the lake shore for 150 feet and averages 5 feet 
in width. About 900 feet farther southwest a fifth pegmatite body has 
an exposed length of 350 feet and J.s up to 50 feet wide, but tapers to 
about 10 feet at either . end where it passes beneath drift. 

The pegma.tite bodies all carry a.bout 50 per oent cleavelandite, 
20 per cent quartz, 5 per cent muscovite, and variable amounts of coarse 
microcline-perthite. Spodumene occurs in crystals up to nearly 4 feet 
long and may comprise between 15 and 25 per cent of the rock: The dis­
tribution of spodumene is less regular than in the McDonald deposit. 
Other rare-element minerals present include amblygonite, lithiophilite , 
bervl, lazulite, and tantalite-columbite. In the four northern sills 
the" t~n-calite-columbite occurs as scattered tiny blades up to f inch 
long , nhiefly within cleavelandite. In the southernmost pegmatite body 
it iR present in crystals up to l ! inches by~ by 1/8 inch, one of which, 
corta ining some gangue, showed a specific gravity of 6 .4 on a Westphal 
b3.lance . 

BI.A TCHFORD LAKE AREA. 

Buddy and Tan Claims 

In 1938 prospectors staked the Jade group of claims on several 
gold showings near the east end of Blatchford Lake, 67 miles east-south­
east from Yellowknife. Subsequently, rare-element minerals were found 
in four pegrnatite sills on the property. In 1942, the Jade group having 
rever ted to the Crown, the Buddy claim -was staked on behalf of Consolidated 
Minin g and Smelting Company of Canada, Limited; and the Tan group of three 
claims was staked in July and August, 1943, on behalf of DeStaffany 
Tungsten-Gold Mines, Limited . . So far as is known, the Buddy and Tan 
holdings include the four pegma.tite sills examined by the Geological Survey 
on August 16, 21, and 22, 1943. 

The northermnost sill (No. l on Figure 4) was traced for 265 
feet and shows an average width, where exposed, of 5 feet. It strikes 
north. 20 degrees east, has a vertical dip, and is- parallel to he.dding in 
the enclosing nodular greywacke. A 1 tered spodumene up to a foot long, and 
tantalite -colurnbite in crystals up to 3/8 _inch across, are sparsely and 
irregularly distributed. 

Sill _No. 2. is exposed at intervals for 225 feet and maintains 
a constant .width of about 10 feet. It. strikes north 20 degrees east, dips 
steeply west, passes under muske~ and lake to the north, · and to the south 
disappea::s.beneath drift that extends for several hundred feet. Cleave­
landite, quartz, and muscavite, are the common constituents together with 
some grey feldspar in crystals up to a foot across, which show a ragged 
octtline. Spodumene and amblygonite are common in crystals up to 18 and 
8 inches long , r espectively; the former may constitute about 1, per cent 
of the sill. A few small aggre gates of blue lar.:ulite are· also present. 
Tantalite-columbite and cassiterite are comparatively evenly distributed 
thr oughout the pegmatite, even to within an inch or two of the walls; the 
majority of freshly broken surfaces show either or both minerals. Tan­
talite-columbite is in tabular crystals up to ~ inch long and appears more 
abundant than cassiterite, which is in more or less equidimensional 
aggre gates up to i inch across. · 

Sill No. 3 probably averages 10 feet wide, trends northwesterly 
f or about 300 feet, and dips about 70 degrees to the northeast (See Figure 
4) . rt is separated by a 15-foot wedge of nodular sedimentary rocks into 
a southeastern pa.rt, which is almost continuously exposed for 125 feet, 
and a northwestern part, which is exposed at intervals for a.bout 160 ·f"eet. 
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Ten shallow pits have been sunk · in the si ll at irregular intervals. The 
corrimon minerals' present a.re cl e:::1,velandi te, microcline (in crystals up to 
16 by --17 by '.12· ·inches L q_uartz., and. muscovite. Ro.re-element minerals 
include- spod'umene, amblygonite, beryl, lithiophilite, lazulite, tantalite .. 
columbi:te, o.nd cassiterite. In. tlddii:; ion, une crysta l of pyrite was noted; 
graphite is c'ommon in seams within ,and bordering the microcline, and 
tourmaline-ri ch sAl vag'es less than an inch thick border th e vva lls of the 
sill. There are· probably otht::Jr minerals that were not identified . Tantali te­
columb-i te and cassiterite are ' rather evenly distributed throughout the 
pegme.tite; on the aver age , one crystal or aggregate up to an inch a cross 
of either or both -minerals can be _ seen per square foot of naturally exposed 
surface. The ' pegmatit e ma t eria. l · expos ed in the pits does not appeo.. r to be 
of a higher grade than e lsewher e i .n th? sill. A sample weighing 23 pounds, 
consider ed to be repr esentative of the pegmatite, was obtained from dumps 
a.t the vn.r io 1.rn 'pits and was concentrated :i,n Ottawa, . The procedure followed 
is the same as tha t for the Ross Lake ~+ntalite~ 

Tcble VI 

Concentro. tir:n Tec -~s on Tantn.l_i te Ore, Sill No.3, ·. Buddy and Tan Claims1 

111 1nte riin R r:i ~ort on-;-~ and Tantalu.'!1 Ore from the Ross Lake Area , North­
west Terri t or i e s 1

;; Investigation No .1565, Report of the Or e Dressing 
and Metallurgica::. Laboratories, ottawa , ·p.6, (January 6, 1944). 

Weight of head sampie ; __ _:~: .~-- --------------------:-----23 v ·unds 

V!eight of· con·;e_ntra ~;e ~ 

+ --20 -35--------------5 .5 grams 
+ - 35 - 48-----·----·-- - --3 o4 . II 

f' - 48 - 65 -----·--- ------ 3 ,3 11 

--.6.Q- - -- ·-----------20.4 Ii 
~~~~~~~~~~~~~-~~~~ 

Total---~ .. --------- _ _:-------------32 .6 grams 
Calculated weight of concentrate r ecovered: 6 ,25 pounds/ton 

Some of the concentrate has been tested by H.V. Ellsworth of the 
Mineralogical Section of the Geological Survey, who r eports2: 

2 Personal communication, Februa:r'y 2, 194=4. 

lh the ' -20 - 35 concentrate ... 11 Gra.ins of quartz, feldspar, a.nd 
pyrit? were present , and a zinc reductio:!:l test showeO. cassiterite present. 
The reduced grains coll e cted under the binocular microscope from 0 .5000 
grams .:of sarr.ple a 3 received gave 1L6% ca.s si teri te bY weight . However, 
not a 11 the grains -.v-eighed wer a entin,'ly ~as si teri te and , on the other 
hand., cassiterite inte rgrQ'lNJ:lwith tantalite is probably not reduced unless 
the ·cas siterite h'lppens t o a ctua lly touch the zinc. The cas siterite 
occurs in the concentrate bo~h as minute crysta ls and as intergrowths with 
t h e t a nta1ite . So:ne of the . tiny crysta l s are quite perfectly formed ••• ~·· 
Specific gravity of sample as rel)ei ved, using the who l e lot of 5 .5 grams 
was 7.055(2)~ ' After picking out under the binocular microscope reduced 
cassite;:ite, gangue, pyrite, and a ll grains showing attached gangue or 
intergroY11 cassite rite, the specif ic gravity of the remn.ining Oo73 grams 
was. 7 . 3!~(8) " E'\i.cicmt\y the cassiterite compensated for some of the 
lighter impuriti e s pre sen-S. A specific gravity of 7 .3 would ' di ea te a 
Ta. 2o5 content around_ 70 per cent for iron. tantali te~~ · 

t1The -65 con0 ..:>ntra te, Yro:lr;h:c 20,4 grams which is the ~in one in 
this lot, was a ls o tested f()r tin and showed a considerable quantity" • 

. An analysis '<)f a weighted a verage sample of concentrc .. te by 
H.V .• Ellsworth sh"wed 66"7C . per ~ent (Ta, Cb) 2o5 , 15.96 per cent 
sn o2 , .and 0 , 20 per cerit 'fi02 . · 
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Sill .No • . 4 consists of scattered exposures along a line trending 
about north 25 degrees east for a tota~. length of ab_out 120 feet. About 
150 feet farther north on strike a s~il outcrop of pegmatite in drift may 
represent a continuati on of this sill~ Furthermore, limited geological 
mapping in the vicinity suggests that s~i1s No. 3 ·and No. 4 may be parts 
of the same pegmatite exposed on opposite limbs of an anticlinal fold 
cresting north; if this is so, the body would approach 1,000 feet in length. 
In those places where both walls can be seen, sill No. 4 is from 10 to 20 
feet wide and dips about 60 degrees west. The mineralo gy is similar to 
that in sill No. 3. Tanta.lite-colurnbite occurs in crystals up to~ inch 
long. One small fragment largely free from gangue showed a specific gravity 
of 7 .541, 

lMeasu~~d by H. v. Ellsworth. 

Moose Dyke 

In July 1942 Moose 1 and 2 were staked on behalf of DeS&l;f~ny · 
Tungsten Gold Mines, Limited, to cover scheelite showings on the north side 
of Hearne Channel, in the east arm of Great Slave Lake, 72 miles east­
·rroutheast from Yellowknife. The following year the group was enlarged · to 
include two pegma ti te dykes carrying · :r:are-element minerals. An examination 
of ·what appeared to be the better dyke was made by the Geological Survey, 
August 17 to 19, 19~3. 

The dyke extends for about 1,400 feet north from a point less 
than 150 feet from (and about 60 feet above) Great Slave Lake (See Figure 5). 
Its outcrop is up to 200 feet wide and is interrupted about midway of its 
length by a muskeg 400 feet a.cross, and , in its southern half, by an east~ 
west fault that causes a l eft-hand displacement of 120 feet. The dyke 
wa lls commonly dip 30 to 85 degre es to the west •. The country rock is nodu­
l a r greYwa.cke that strikes northeasterly and dips to the southeast. The 
dyke appar ently pinches out at both ends. 

Minerals identified in the dyke include microcline# cleave-
landi te, quartz, muscovite, spodumene , amblygonite, graphite , beryl, tanta­
lite-columbite, ca.ssiterite, tourmaline, and lazulite. The only minerals 
that are sufficiently abundant to be of possible economic interest are 
tantalite-columbite, and the lithium minerals spodumene and amblygonite. 

Tantalite-columbite is found throughout the dyke (See Figure 5) 
but in widely varying amounts. It occurs chiefly in very thin radiating 
plates that are up to 3~ inches across. The greatest concentration seen 
extends south ··from the fault for a bout 100 feet along and .near the foot­
wa.11 (east side) of the dyke , a.nd averages about 5 feet wide. Bulk sample 
Al53 may be about representative of this section; other bulk samples were 
taken from the central (Al54) and northern (Al60) sections of the dyke. 
Each represents material obtained from a single blast. Al l were concentrated 
at the Ore Dressing and Metallurgical Laboratories, otta-wa.. 

11 The smaples were crushed to pass a 20:..mesh screen, and then were 
screened on 48- and 65-mesh screens , giving the following products: 
-20+48 , -48+65, and -65 mesh. The plus 65 mesh fractions were concentrated 
on a Wilfley table. The tabl e middlings and tailings were reground to pass 
a 65-mesh screen. The minus 65 mesh products were then concentrated on a 
Wilfe ly table. 

The cleaned concentrates were screened on 28-, 35-, 48- and 65-
mesh screens and the various products were ex.a.mined microscopically. The 
plus 48 mesh products carried considerable gangue attached to mineral, in­
dicating that a concentrate free of attached gangue could not be made at a 
grind coarser than 48-mesh . The -48~65 mesh concentrate showed some attached 
ga.ngue but the amount was relatively small. 
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The fina l ta.nta lit e c oncent r ates c ontained some su l phides, a 
light brown mine r al , and a l itt l e f r ee quartz, the l ight brown particle s 
b e ing more abunda nt ·tha·n. the sulphide s . Th is b rown miner a l · cou l d not be 
e liminated fr om the tant a li te concent r ate . I.P. ter t est s showed that this 
mine r al was ca s s iter i t e . 

Sor.le magnetic' ma te:r i a l was r emoved f rom ea ch con centr a te by means 
of a ha.nd magnet . Thi s included rr.agnet i t e a nd m_etallics . f rom t he gr inding 
mil l 11 l 

. Table VII l 

. ·y . . - ------...,.----- -----
. l" Concentra ti on of Tanta.lit-e J r e from the Moo se Prope rty (DeSta. ffany 

Tungsten Gold Mines , Limited), Yell owknife Ar ea, Northwest Territories"; 
Rep ,,.,rt of the Ore Dr e ssinb and Ivietallur gi ca l I.P.boratories , Investigation 
No. 1554 , pp . 3 , 4 (Dec emb e r 14 , 1 94 3) 

Conc entration Tests on Ta nta l ite -columbite Ore , Moos e Dy~e 

Samp l e no . Al 53 Al54 Al 60 
....,,.....,.-....,---,,..--,,,....-·-- - · - - - - -------·-...;-----. - - -,.--;.--··------··-W----- · ----
Origina l f eed . 125 . 5 lo . , 6 7 l b .. 55 lb . 
Ma gnetic& fi·om concentt a t es----:--ro . 2 gm . . . · 2 . 2 gm . 3 .-0 -gm-.---
================-- --=-~::- - -· - -·· c:= 

- 48 + 65 me sh c·onc entra t o ( 1 ) 80 . 0 gm . 11. 9 gm . 1. 9 gm . 
- 65 + 100 " " ( 1 ) 59 . 2 tl 6 . 0 II 3 . ci tt 

-100 t 150 tl II (1 ) 52.3 II 7 . 1 II 2 . 5 II 

'"'.150 ... 200 II 11 (1) 4 5 . 5 II 8 . 0 II 1. 8 II 

-200 II 1t . ( 1) .. 54 . 7 II 11. 7 II 3 . 2 II 

-----·--·· -- -·----.- - ·-·· --·-·-· ---- --•--- · -- ---·· . . __._ __ -- ·--·· - -

- 65 -1- 100 ·me sh con centrate(2) 2 , 7 gm . 4 . 3 gm. 0 . 6 gm. 
-100 + 150 II II (2) 7 . 5· II 8. 3 II 3 . 5 II 

-150 + 200 i. II (2) 5 . 0 " 3 . 8 II 2 . 2 II 

-200 11 II ( 2 ) 11.0 II 8 . 7 II 2 . 8 II 

. ' 
------~ __ _.._.. _ __ _ ------- -Jt-----·--- -'""--· -----·-- - ·- · 

Total con centrate : 317 . 9 gm • 69 . 8 gm . 21.5 gm . 

-----------..1.--- ----''------· ·---······ 
Ca lcu lated weight of conc en­

trate per t on of or e 11.2 lb . 
/ton 

4 . 6 lb . 
/ton 

1. 7 l b . 
/t on 'I 

-. 
(1 ) Ori g inal con centrates . 

· "(2 ) Gon centr a te s from r egr oynd middlings . 

{ 
After cutt i ng ou t the 11.eact samp l e from each shipmont , 

the r ema inder -was tho · ori gina l feed for ea ch t est , as 
indicated . , 

The - 48 +65 concentra te f or ea ch samp l e was exa mined by 
H. V. Ellsworth; and the f ollowing is a swnmary of his f i nd ings : 

Al 53 contains the fo llowing i mpuriti es: quartz and f e ldspar 
i n i n div idua l grains and atta ched t o tanta lite -columoite , sche e l ite (? ), 
pyr ite , iron , pa l e blll i sh pho sphate ( ?) , and ca ssite r ite . 

Specific gr avity 2 of con centrate as r e ceived ..... .. . ..... 5 .7719 
Spec if i c gr avi ty after cleaning wi th a cids and r epanning . 5.8072 

From the spe c if ic gravity the con centr a t e appears to be chief l y 
columb i te car r ying about 20 t o 25 pe r cent Ta. 205 . Chemi ca l t ests 
i ndicate that thi s is ch ief l y iron c olurn.bate ; titanium and r are ea rths 
are abs ent; n o r a dioactivity; a sma ll amount of tin i s pre s ent; t ungsten 
wa s n ot detected . 

------ ----------- -·- --- ·--··--------"2 All specific gr a vity deter mi nat ions made on Moose dyk e conc ent r a te wer e 
measured by H. V. Ell sworthin a. fus ed si lica pyknomet_e_r_. ________ _ 
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Al54 contains the SQme impuriti es as Al53. 
Spe c ific-gravity of concent rate as r e c eived •••••....••.••.• 6,1918 
Specific gr a vity aft er cleaning with a cids a.nd repannin g ••• 6,2651 

A zinc r eduction test s how-s about 8 per cent of the gr ain s to b e 
cass iterite . Assuming t hese to have a spec ific gr a vity of 6 . f! , the . 
corre cted spec ific gr~vity , of the tanta lite-columtite present in the 
con centra. t e is ab out 6 .21, · oqi.li va-lent to a. coritent of 30 t o 40 per cent 
Ta2os. 

--Al60 .. Spec tft c gra v::~ty 1 of ooncentr a.te as r e c e ived ••• 5~7952 · 

1 All specific gravity determinations mad e on Moo se dyk e con c entrate wore 
measured by H. V. Ell sworth in a fused siHce. pyknomet (3 r . 

-='-"--------------~ 
Lithi um minerals a r e erratically distr i but ed throughout the 

Moos e dyke , but time did n ot permit eva lua ti on of these. In the middle 
sect i on (betvreen the f ault an<l muskeg) bands up to 50 feet long and 5 
fe et wi de ca rry mor e than 25 per c ent spodumene. ··· Amb l ygoni te is likewise 
an important constituent of the dyke . The la r gest crystal fa c e of spodu­
mene seen measur ed 2 by 4 feet , and of amb l ygonite, 2 by 3 feet. These 
were ob s er ved i n the n orthern sec t ion wher e li chens and moss pr ev ented 
close examination. B_oth appear to b e pa rts of still larger crystals. 
One spec inlen ·of ea ch -· of · s p odumene and ?-mb l ygon i te on a nalysis2 showed 

-=------------------- -----------------------
2 by R . J. ·c . Fahr y , Miner a logi ca l Se ct ion, Ge ologica 1 Survey 

3 . 65 per c ent a n d 4·.68 per · c ent l ithium · oxide., re.sp ~ c t_i_vely ~ 

SPROUL IAKE AREA 

. ·. - · ffo·r e · gr ·ou p· · 

_ ..ib out t E'.n _pegma ti te dykes carrying rare - element ~ineral s 
were encounte r ed during the .. ge o1ogica l mapping of 4 ~qu~re miles ar ound 
Sproul Lake , Au gust_ 2 t o 9 , 1943 . Bul k sample s were collected·· fr om · ·· 
some of t he dyke secti ons ori Septembe r 12 ·and 1 3 • ... The dykes showtl ·in · 
Figure S lie s outh of the lake o. nd are n ow included in the Bor e gr oup, 
owned by Radium Luminous Industries, Limited • 

.. Sproul Lake lies 35 mi l es n or theast of Ye llowknife and 10 
miles due n orth of Thomps on -Lundmark mine (See Figure 1) . The nearest 

-- i ···· . 
good landing for large a ircraft is Upper Pensive Lake , 22 mile s to the 
southeast. .A . Q~noe route between the two l a.kes inclu des three p ortages 
tota lling nearly a mile ~ ·-

With one exc eption, the dykes des cr i b ed here s t .rike north~ 
westerly and dip between 30 and 70 d(gr ees t o the s outhwe st.(See 
Figure ,6) . They a r e contained in a be lt up t o 200 feet wide and mor.e 
th~n i ~ 7_00 feet l.Ong , _whi eh passes beneath_ Spr oul Lake t o the north­
we st a~tl b eneath a w-i de muskeg .. to the s outheast ~ Ind i -vi dua; l dykes 
withi n · the be l t are up to 3l feet wide and a r e almost c ert a fnly 
continu ous· for -as mu ch as 500 feet. The dykes cross .nQdUis:r . greywa~~ 

that s trikes n ortheast and ha s an overturned d i p of 65 to 70 de grees 
n orthwest. 

The minera l content va r ies considerably within a .single 
dyke , cir even within a si,ng l e outcrop . Rare~elemerit minerals identified 
are spodi.unene , -amo l ygonite , beryl,, ca s "' iterite , t n.nta l ite -columbite , 
l ithiophil ite , and i ndi col i te (b l ue - green tourmaline) . 
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Table VIII 

Mineral Distribution in Pegfllatites~ Bore Group, Sproul Lake 

Tantalite-
Dyke se·ction Cassiterite columbite 

- - -1 .. . c c 
2 b 
3 a-
4 c 
5 c 
6 b 
7 b 
8 c 
9 c 

10 b 
;u c 
12 b 
13 b 
14 c 
15 . ·C . 

16 c 
7 

18 b 
19 b 
20 a 
21 b 

2 
3 

24 
2.5 - -- - --
26 
27 b 
28 a 
29 b 
30 c 
31 c 
3 c 
33 c 
34 c 

a - relativE3ly abundant 
b - present 
o ~ minor occurrence 

b 
b 
b 
a 
c 
c 
c 
a 
b 
b 
b 
b 
c 

. -b- ··-·· 

c 
b 

c 

c 
-C 

c 
c 
b 

c 
c 
c 

Spodumene Amblygoni te 

c 
b 

c 

b b 
c 

a b 
b c 
b c 

c 

c c 
c 
c 
c 

c 

c 

c c 

. ; c c 
c 

c 
c 

c 
c 

Beryl 

c 
c 

c 
c 

c 

c 

c 

c 

0 

c 

Spodumene occurs in rudely radiating columnar crysta ls up to a foot 
long within the central parts of certa i n dyke sections. Much of it, par­
ticula:r:ly the sme.llE3;r crystals, is altered to a very fine-grained, yellow­
green, micaceous aggregate. Amblygoni te is commonly concent r a ted near the 
hangingwall and occurs in equidimensiona1 crystals up to 8 inches across, 
but averages less than an inc:-i . 0ver lengths of 10 to 15 feet the two 
lithium minerals may constitute as much as a quarter of the dyke area. 
Beryl occurs sparingly in a few sections as white to light green crystals 
up to 2 inches across. Mus c_ovi te constitutes le_ss than 5 per_ cent of most 
dykes and occurs chiefly a long the borders; less commonly it _is present 
as medium-grained agg:u.:egatte-.s up to a f oot long within quartz along the 
central parts of the dykes. Lithiophilite was found in sect i ons (7), (12), 
and (29). Tiny blue- green crysta ls of indicolite occur in Im~.scovite along 
the dyke margins; black bands less than an inch wide in the bordering sedi­
mentary rock s may repr esent introduced tourmaline. 

Cassiterite and tantalite-columbite a re the only minerals of possible 
present economic interest. They occur chiefly in cleavelandite in the 
middle and upper parts of the dykes , but were seen enclosed by several 
other minerals and in t he footwall as well. Cassiterite occurs as dark 

... 
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brown to jet-biack irregular aggr:ega tes up to 1-i- inches by 1 by 3/8 inoh. 
Tantal1te-columbite is in blue - black crystals having a distinctive bladed 
or tabular habit up to 1% .inches by i by 3/16 inch. From these upper 
liinits the crystals of both minerals range downwards to almost m~croscopio 
size. · 

Bulk samples were taken from the dyke sections showing most cassiter­
ite on the weathered surface (18 , 19, 20 , and 21, on Figure 6), and those 
showing most taritalite ( 9, 10, 11, and 12) . The samples represent material 
obta ined from several shall ow blasts a long each dyke section, and were 
tested in Otta~ •. 

Table IX 
' 

Ana lysis and Concentration Tests on Bulk Samples, 
Bore Group, Sproul Lakel 

Sample We i ght in pounds Tin content 

(18) 53 , None detected 
(19) 58 It II 

(20) 57 0 .41 per cent 
(21) 53 0 006 11 

II 

Weight Weight of concentrate J 

Sample: of ore,: in grams 
Ca lcula.ted weight 

of concentrate, 
l b ./ton of ore pounds -20+35:-35 ~48 :-48+65: -65 ! Total 

r 

(18) 
28.7 (19) 211.0 68 .5 37~0 72 .4 206.6 

I 

{20) . , 

(2 1 ) 

(9) 66 14.0 4 .5 1.8 16,.4 .. 36 .7 . 
(10) 52 1 .8 1.6 2 .1 5 .7 11.2 
(11) : 54 .• 1.3 0 .8 1.2 9 .4 12.7 
(12J'_ : 58 2 .6 1.0 0.8 12 .4 16.8 

2 .45 
0.95 
1.04 
1.28 

Examination of the coa rser fractions of the concentrate from samples 
(9), (10), (11), and (12) reveals that about 30 per cent is cassiterite, 
the remainder being largely tantalite-columbite of undetermined composition. 

111 I nterim Report on Tin and Tantalum Ore from the Ross Lake Area, 
Northwes t Terr i tories 11

; Report of the Ore Dr essing and Metallurgical 
J_,aboratories;· Ottawa ; Investigation No. 1565, pp . 2, 5 · (January 6, 
1944) • ' ' 

BLAISDELL I.AKE AREA 

Blaisdell Lake lies 34 miles northea.st of Yellowknife and is most 
conveniently reached by air. Beryl was first reported from the district 
by a Geological Survey field party i n 1937. Brief examinations were ma.de 
between July 25 and 31, 194 3, of some of the pegme.tite bodies lying within 
a mile or two of the lake. 

The area is underlain by nodular sedimentary rocks intruded by two 
bodies of younger granite . One of these is l ess than a mile across and 
forms incist of the peninsula on the north side of t he lake; the other ex­
tends 5 miles northwest from the lake . Pegma ti te dykes a.nd sills cut these 
bodies and the surrounding sedimenta ry rocks. 

Of nearly fifty dykes examined, beryl with tantalite-columbite 
(and/or cassiterite) were found in twelve, and a further twenty were found 
to contain beryl a lone. Most of the pegmatites carry tourmaline; minor 
occurrences of lithiophilite, molybdenite, a. rsenopyrite, and pyrite, were 
noted . 
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The ber y l-bearing dykes a r e u p to 2 , 000 feet long and 10 feet wide . 
The be st con centra ti·on seen is i n a dyke c utting granite a f en feet west 
of -the gran ite-sediment conta c t, three-quarters of a mil e n orth of Bla is­
dell La.ke . The dyke strikes north- northwe st pa r a ll e l to the contact, dips 
75 · d egr ees· to the west , and vvas followed f or 700 feet . · Two sections , ·ea ch 
about 30 feet lon9 and 7 fee t wide , ca rry a bout 4 per c ent beryl ( e stimated 
by mea suring areas of ber yl cryst a l s exposed on the gl a c iated surfa c e) . 
The i ntervening dyke se c tion is 180 fee t long , 7 fe et wid e , and contains 
some beryl and tant a lite -columbi t e . Over a total l ength of 240 f eet the 
dyke should average close to 1.5 per cent ber y l a cross 7 fe et. The mineral 
i s in distinct pa l e gr eeni sh yel low crystals a vera gi ng more tha n an i nch 
a cross by several inches lon g . Within the souther n h igh-gr ade shoot , a 
basal section of two i nter grown ber y l crystals measures 12 by 18 inches . 
As most b er y l crystals in this dyke and e l s ewher e hEJ.v e l engt hs measuring 
three to four time s their ma ximum widths , it is pr'oba.b l e that these two 
crysta ls will aggr egate nearly ha lf a ton . 

PRELUDE l;_Al\E. _A:rtB 

In 1937 .a Ge ologica l Survey student a ssistant on an exploratory 
trav ers e n orth of ··pr e lude Lake r eport.ed crossing a.' peginatite 180 feet wide 
e stima ted to contain 5 per c ent beryl . This i s the dyke about 1, 000 feet 
north of (2) on Figure 7. Subs e quent i nvesti ga tion indicated t ha t this 
estimation must hav e been made on a local concentra tion of ·oer y l within 
the t:l.y k e -. -

An area of about 10 squar e mi l es immedia tely .n orth of Pr e lude Lake 
was pr ospected f or bery l by a Ge olo gica l Survey f.i'E~ ld .. party between June 18 
and 28 , 1 943. The a r ea includes the b i ke group , which had been staked on 
behalf of Frobisher Explorat ion Company_. Limited . It li e s 17 mile s north­
eas t of Yellowknife a:nd ma:y b e r ea ched by a canoe route ·about 25 miles long 
including f our portage s , none of whi c h exceeds 400 feet i n l er> l'.,th. A power 
transmission li!l_e crosse s ~h.<? a rea . 

. . . 
The ar_ea ,is under l a.in by clo sely f olded , a l tered ,. ·sedimentary rocks 

cut by irr eg~lar b odies o~ pegmatite apd .pegmatitic .gr ani te . I n general , 
the l a r ger t~e body , the greater the pror:ior tiori .of gr anite . Beryl was 
f ound in fi fty--six of the orrn- ·hundr ed 'pegma ti t e s examined ·a nd displays 
cry s ta l fa c es µp .t,o 7 i n ches wide and 17 inche s long. Minera ls common 
to all pegma~~tes are gr ey and pink fe ldspar, quartz, muscovite , and 
blac k tourmali:(1e . The b er y l-ri ch s ections commonly occupy media l 
positions in t he pegmatites , and i n p l a c es contain, in addition t o the 
above-mentitirie'd minera ls, minor amounts ··or green anQ. -re.d tourma l ine , .. 
lithiophilite , · ta.'irta lite-columbite (spec ific gr a v i .ty. 5 •. 94 on one specimen 
from dyke No. l; figure 7) , with cry s ta L fa ces up to i inch by l i i n ches, 
la·r.ulite , gahnit'e (zinc s pine1.), and severa l unknown minera ls., 

The three most imp ortant beryl c oncentra t ion s s een are in dykes 1, 
2, and 3 (See Figur e 7). An e stima tion of -i,:rni r content was obt a i ned 
by measuring the a reas of beryl crys tals expo s ed and ca lculating t her efrom 
the a.r ea l and weight per . c ent of v isible bery l. 

Dyke 

1 
2 
3 

Table X 

· True dimension s beryl- ri c h sh oot 

50 fe.et PY .. 5 f eet 
llO 5 
200 10 

'I' 

We i ght per cent ber y l 

2 
0 . 5 
0 .3 

, 
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