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Déclassifié

Mines Branch Investigation Report IR 61-39

INVESTIGATION OF VERMICULITE BEARING SAMPLES
FROM OLYMPUS MINES LIMITED, STANLEYVILLE, ONTARIO

by
. S. Wilson®

SUMMARY OF RESULTS .-

Thlrty samples of split dlamond drill
core, and two other samples reportcd to be from the
surface of the pit on the company's property near
Sianleyvmlle contained. an average of approximately
25 per cent vermxculmte. Another sample reported to
be cuttings from several auger holes drilled in. the
floor of the pit contained approximately 12 per cent
vermiculite., In nearly all the samples, over 65 per
cent of the vermiculite flake was recovered ‘from the -
minus 14 plus 48 mesh fractioms, -The exfoliated
vermiculite obtained from these samples, when graded

~ for use in gypsum plaster, did not meet ASTM specifi-
cations for unit weight, Hovevor unit weight of a
separate sample from the company's stockpile whcn
exfoliated in moist condition was within the SpGCl-
fication., Some exploratory work was atiempted on .
poq31ble approaches 10 beneficlation.
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*Scnxor Scienilflc Offlccr Mineral Proce551ng Division, Mines
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INTRRODUCTION

Mr. J. H. Kenny, President of Olympus Mines Limited, requested
the Mines.Branch to invéstigate samples of vermicﬁlite-bearing matefial
to establish the percentage of vermiculite contained and its particle
size distribution., Mr. Kenny st@ted that the samples had been taken
from the Company's property located in the north half of Lot 17, Range
8, Township of North Burgess, Lanark County, Ontario.’ .

| On January 11, 1961, thirty samples of splittings from BXT
diamond drill core were receivéd. These sampiés ﬁere stated to be from
a single di?mond drill hole collared immediately east of a pit opened
on the property. The bearing of the hole was approximately N W at an
angle of inclination of 459, normal to the long axis of the open pit.
The sampled section was between 127' and 400! true length. These -

samples were designated 0-12 to O-41 inclusive.

On the same date a sample of minus 2 inch material weighing

_150 poﬁnds and reported to be a composite of mateirial from several auger

holes from the pit floor was also received., For this investigation,
three portions were cut out at the Mines Branch and identified in this
report as Auger 1, Auger 2 and Auger 3. |

-Two samples weighing about 15 pounds each were reported to
have been taken from the surface of the pit. The material was minus:
3/4 inch in size. These were»identified as Pit 1 and Pit 2; and were

received in early March 1961.
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SCOPE AND PURPOSE OF THE'iNVESTIGATION

It was thefobjec% of {he invesfiga{iqn to-dgterminé fhe per-
' COntage vefmiculiﬁe and size distribution in eaéh'sampie‘ and the
proporflon of vorm;cullte suitable for 115 moré 1mpor+ant uses. Other
Tactors Jnvcutxgatcd were bu]k-densm*y of the exfollated product and
the effect of fmrlng 1emperaiuro on cmfol:atlon. The prin01pal minerai

consti{uents3were determined and several methods of benef101at1ng the

raw material were explbfed.'
PREPARATION OF .SAMPLES

Ailididmbnd?dfiii édrétéamﬁiéé ﬁé?é redﬁced to minué 1/2 ihch
hy a jaw cquﬁef, and fufthér reducéa;to mihua‘i/4 inch by a double foll_
cruShef. The pr§ducts were Separated;iﬁtd théifollowing sizé.frdctiOns
b& 2 vibratdry ééréeh:}'+8fmé9h; n8+14 ﬂesﬁ,‘+14;28 ﬁésh, p28%48 ﬁaSh,f
«48+100 mesh, and ~100 mesh, Thé propdrtioh of‘ﬁatefiél'in édch.Size
fraction vias deternined, and i&’showﬁ‘in:Table.l.;f_y

The auger sample, which weighed -about 150 poﬁnds;'was'fepéafedxy
mixed and quértered ‘to obtain three.five pound samples.n Thé fiféf'and'
seéoﬁd?(Aqgefii and Aﬁger.z) were paésed 6nce.through the jaw 6}ﬁshér
and 6gce through thevdoﬁble:rdllfbrusﬁer, ﬁhiéh reduced %he'ﬁaferiai to ~
. mihus:i/4'iﬁch in-size;;'The third shﬁpleT(Aﬁge§t3)*§aS~passed repeatedly
throﬁgh the jaw cpuéhef until it,wﬁslmiﬁuévl/A,inch in siie;.-The'thféé
Samples were séparé{ed'intb the‘ébdvé mentioned sizé”fracfions,'énd tﬁé
proportion of each'de{ermined as shown in Table 1. |

| "~ About 5 poundu of material were cut from each of tho two
snmples taken from 1he surface of 1he pit (Pit 1 and Pit 2) ' They were i

reduqed to minus 1/@ 1nch by,one pass through the jaw crusher and were




separated into size fractions as shown in Table 1.

A representative part of all size fractions except the minus
100 mesh was obtairied by riffling. These were used for exfoliation.
Liftle*vermiculite was.visually identifiable in the minus 100 mesh ,

f1ractions.
EXFOLIATION AND CONCENTRATION

The riffled portion of each fraction was exfoliated in aﬁ'
electrically heated tube furnace. A 2 inch diameter stainless steel
tube, extending through the furnace, was vibrated to cause the material
to pass through the furnace with about a 25 second retention time,
allowing about 10 seconds in the hot zone. The maximum temperaturé of
the tube wés maintained between 1925 and 1975°F.

The exfoliated vermiculite was remo&ed from the non;exfoliated
material in each fraction by air separation. Wéight percentages.of
vermiculite in each fraction and injedch sample weré.calculated. Resﬁlts
are shown in Table 1.

Further evaluation was undertaken on core samples_that contained
.at least 20 per cent vermicqlite, on the three auger samples, and the two
plt samples. The percentages by weight of ekfoliated vermiculite coarse
enéugh to meet size fequirements for'insulation grade wére determined.
The concentrated exfoliated vermiculite was separated into plus 10 and.
minus 10 mesh fractions by hand screening. Tﬁe coarser fraction might

be considered insulation grade; The results are shown in Table 1.




CTABLE 1

- Ivaluation of Vermiculite

;:Vefmiculite - Vermiculite Per Cent.

Sample : ,
No. Size Fractions | Content of Content of | Vermiculite as
- and . Raw Sample Size Fractions| Whole Sample| Insulation Grade
Depth (£t)] (wt %) o (wt %) | %) O (wt %)= 
©0-12 |48 10,8 L1 0.1,
' ~8+14 30.7 2 0.6
R ~14+28 28.7 S11 3.2
127T- | -28+48 .| -14.2 18 2.5
140 -48+100 6.9 12 0.8
Total | 100.0 7.2 -
0-13 | +8 8.5 1 K
' -8+14 25.4 4 1.0
: , -14+28 | 33,8 14 4.7
150 | -48+100| 8.4} - 23 1.8
| =100 6.1 |
Total | 100,0 11.3 -
0-14 [+8 | 9.6 10 | 0.1
_ -14+28 33.2{ 25 1 8.4
150~ =28148 16.9 45 - T6
160 | ~48+100 "T.3 38 2.8
- -100 7.7 o o _
Total | 100.0f - | -.20.4 T
©0-15 |48 3.5 5 0,2
0 | -era | 22.3 3g - 8.5
Lol -14428 ] 30,21 34 10.3 -
160~ -28+48 20.2§ 46 9.3
170 | -48+100( - 10.7 39 4.2
-100 | 13.1 - , | . _
Total | 100.0{ ~ [ 825 {11
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TABLE 1 (cont'd)

Bvaluation of Vermiculite

Sample | Vermiculite | Vermiculite Per Cent
No. Size Fractiong] Content of: | Content of Verniculite as
and Ravw Sample |Size Fractions] Whole Sample| Insulation Grade

Depth (ft) (wt %) (wt %) (wt %) (wt %)
0-16 +8 8.7 15 1.3 |
w814 26.4 8 2.1
"14."'28 31 .2 8 2 . 5
170~ -28+48 | 16.5 15 2.5
1735 -48+100f 7.7 15 1.2
~100 9.5
Total |100,0 9.6 -
017 +8. 6.3 10 - 0.6
~8+14 25.9 21 5.4
-14-428 | 36,7 43 15.8
1735~ -28+48 | 18.0 44 7.9
180 -48+100{ 6.5 36 2.3
- =100 6.6
Total |100.0 32.0 7
0-18 +8 3.8 9 0.3
~8+14 22,5 20 4.5
=14428 | 38.7 36 13.9
180~ ~28+48 | 19,6 42 8.2
190 -484100} 7.6 37 2.8
=100 7.8
Total {100,0 29.7 13
0-19 +8 Ted 10 0.7
-8+14 29.1 11 . 8.2
190~ «-28+48 § 16,7 43 7.2
200 -48+100] - 6.9 38 2.6
| -100 | _ 7.4 —_—
Total * | 100.0 26.7 9
0-20 +8 5.7 9 0.5
-8+14 28.3 19 5.4
~14+28 | 34.7 28 9.7
200- -28+48 | 17.4 40 7.0
210 -48+100f 7.0 25 1.8
Total |100.0 24.4 18




TABLE 1 (cont'd) B

Bvaluation of Vermiculite

Sample

Vermiculite -

 Vermiculite

"Per Cent

No. Size Fractions| Content of Content of | Vermiculite as
and - Raw Sample |Size Fractions| Whole Sample | Insulation Gradd
Depth (ft) (wt %) (wt %) (wt %) = (vt %)
0-21" +8 4,0 7 0.3
-8+14 | 25.3 18 ° 4.6
~14428 | 39,3 26 10.2
220 -48+100] 6.9 21" 1.4
Total }100.0 21.0 26
0-22 +8 5,2 7 0.4
o -14+28 | 36.7 27 9.9
220~ ~28+48 | 16.3 31 5.1
230 ~-48+100| 6.4 | 21 1.3
~100 8.2 : - |
.Total }100,0 21.3 17
0-23 +8 7.6 9 0.7 -
-8+14 | 26.0 5 S 1.3
230~ -28+48 | 16,0 . 15 - 2.4
232% - -48+100] © 8.3 12 1.0
-100 | 11.8 . -
Total |100,0 , 9.4 -
024 | +8 | 5.0 22 1.1
- ~8+14 | 30.7 26 8.0
| =-14+28 | 36.1 33 11,9
232%- -28+48 | 15.4 136 - 5.6
240 ~48+100] 6.1 12 0.7
Total |100,0 27.3 13
0-25 +8 | 6.8 19 1.3
-8+14 | 15.9 26 4.3
-14+28 | 46.5 - 28 13.0
240- -28+48 | 17.5 33 5.8
250 -48+100] 6.6 28 1.8
~100 6.7 ‘ _
100,0 26,0 | .21

" Total

o
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TABLE 1 (cont'd)

Braluation of Vermiculite

v

, Sample . . Vermiculite Verndculite] Per Cent
No. ﬁgS;ze Fgacxlons Content of Content of| Vermiculite as
and " Raw Sample Size Fractions| Whole Sample|Insulation Grade

Depth (£4)}: (wi % (wt %) (vt %) (vt %)
026 +§ 3.2 11 0.4

-8 +14 22,8 23 5.2
«14428 43.3 28 12.1
250« w2848 16.8 36 6.0
260 ~48+100 6.8 26 1.8
-~1.00 7.1 -
Total 100.0 25,5 7
0-27 +8 3.0 6 0.2
~8 +14 25.8 19 4.9
260= . =28448 17.0 26 4.4
270 484100 T3 28 2.0
"100 609
Total 10¢.0 20.7 22
028 +8 4,5 7 - 0.3
~8 +14 25,5 20 5.1
-14:+28 38.7 44 17.0
270 ~28+48 15.9 40 6.4
280 -4.8+100 T.2 27 1.9
~100 8.2 .
Total 100.0 30.7 T
0-29 +8 4.9 4 0.2
-8 +14 26.3 14 3.7
-14+28 | 38.6 28 10.8
280~ -28+48 | 17.2 31 5.3
290 -48+100 6.4 24 1.5
100 6.0 :
Total 100.0 21.5 14
0-30 +8 2.9 7 0.2
-8 +14 23 .4 16 3.7
~14+28 40,9 32 13.1
290~ -286+4.8 18.6 31 5.8
300 -48+100 6.4 25 1.6
~100 7.8
Total 100.C 2444 11
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TABLE 1 (cont'd)

Jwaluation of Vermiculite

Sample L Y Verndculite 'Vermiculité _ Pef”Cent,'-,l
~ No.. Size Fractions Content of Content of | Vermiculite as
~-and RaW;%fmple Size Fractiong Whole Sample|Insulation Grade|
Depth(£t) Gt 7) %) (vt %) wt2) |
0-31 +8 560 7. 0.4
\ -3 +14 | 30.3 22. 6.7
4 -14+28 33.4 - 37 . 12.4.
300- ~28+48 17.9 54 9.7
310 -48+200| . 6.2 31 1.9 ,
. ~100 6.6 - N
Total 100.0 -31.1 4.
0-32 48 7.1 10 0.7
28 +14 21.6 15 - 3.2
o 14428 | 34.8 20 7.0
. 310~ . 28448 19.9 .26 5.2 .
320 . =48+100 7.9 28 2.2
~100 BJT _ A
‘Total | 100.0 | 18.3 -
0-33 . +8 4.1 .9 ‘0.4
~14+28 | 39.6 21 © 8.3
320 "~28+48 16.2 . 30 4.9
333 | - -48+100 8.2 22 1.8 -
' ~100 9.0 : -
Total | 100.0° 7.7 -
034 +8 6.3 22 . 1.4
-8 +14 29.0 35 10,2 .
A -14+28 36.5 27 9.9
© 335= -28+48 | . 14.8 15 - 2.2
338% | -48+100| 6.3 15 0.9
=100 7.1 -
Total 1100.0 24.6 30
0-35 +8 | 4. 13 0.6 ‘
: ~8 +14 24,6 19 . 4.7
~14+28 | 38.0 27 10.3
340- ~28+48 |  18.1 25 4,5
.1 -100 7.5 ' o .
Total 100.0 22,1 24

el
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TABLE 1 (cont'd)

Ivaluation of Vermiculite

Sample : Vermiculite [Vermiculite Per Cent
No, Size Tractions Content of Content of | Vermiculite as
and Raw Sample Size Fractions]hole Sample} Insulation Grade

Depth(ft) (wt %) (vt %) Gt %) (wt %)
0..36 +8 2.4 6 0.1
-8 14 22.2 9 2,0
14428 35.0 21 T4
350~ w28+4.8 24,3 28 6.8
360 ~48+100 7.2 23 1.7
"'100 8’. 9
0-37 +8 4,8 7 0.3
-3 14 20.8 18 3.7
w]d4-28 39.1 30 1.7
360  =28+48 19.5 34 6.6
370 ~4.84100 T 31 2.4
<100 T 8.1 '
Total 100.0 24,7 13
0-38 +8 7.2 25 1.8
-8 +14 28.4 21 - 6.0
=14+28 36.9 31 11.4
370~ -28+48 15.3 31 4,7
380 -48+100 6.1 18 1.1
~100 6.1
Total 100.0 25.0 19 -
0-39 +8 5.1 20 1.0
-8 +14 | 29.9 40 11.9
. -14+28 37.5 40 . 15.0
380~ ~28+4.8 15,9 45 T.2.
390 - =484+100 5.8 39 2.3
Total 100.0 37.4 13
0-40 +8 " 5.9 22 1.3
-3 +14 22,8 30 6.8
‘ ~14+28 36.5 46 16.8

390~ ~28+48 20.3 62 12,6

396 - -48+100 Ted 57 4.2
Total | 100.0 41.7 5
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- TABLE 1 (eont'd)

Ivaluation of Vermiculite

p‘\

~ Sample o b Vermieulite | Vermiculite [ . Per Cent
. No, | Size Fractions| Content of . | Content of | Vermiculite as-
© and Raw Sample Size Fractions) Whole Sample|Insulation Grade
Depth (F¥)]. - (wt %) Lt ) (e %) (vt %)
0-41 | +8 | 6.4 10 | - 0.8 -
: : =3 +14 } 21,6 10 2.2
~ ~14+28 | 30,6 ‘26 8.0 -
396~ . w28448 1 2004 .28 5.7 .
400 -48+100] 9,3 - 380 2.8
© | w00 | m ~
Total |100,0 19,3 -
Auger 1 +8 1.4 7 0.1
-8 +14 | 20,2 - 7 1.4
-14."'28 21&8 . 17 3 07 .
«48+100] 13,6 16 2.2
100, | 21,8 o o
" Total (100,0 12,7 ‘14
A'ilger 2 ‘ +8 | 203 . . 4 -4 002 .
| -8+14] 13.4 7 0.9
=14428 | 23.7 15 3.6
~28+48 | 23.0 23 5.3
-48+100). 15,6 122 3.4
100 | 22,0 » .
Total [100.0 13.4 .12
Auger 3 | +8 . | 7.4 3. 0.2
| -s+al2s2| o7 1.6
~14+28 | 21.3 a7 . 3.8
~28+48 | 20,3 | 17 8.5
T ~48+100} 16.9 11 1.9
<100 | 10,9 - o |
" Total |100.0 0.8 19

10.8

4
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TABLE 1 (coned'd)

Braluation of Vermiculite

[ . Vermiculite - Vermiculite Per Cent '
Sample} Size TFractions Content of Content of Vermiculite as |.
No. Raw Sample Size Mractions | Whole Sample| Insulation Grade
(vt %) (vt %) (wt %) (wt %)
Pit 17 +8 3.3 16 0.4 14
p-8 o 2207 17 349
w14428° 30,9 36 11,1
28448 22,2 36 8,0
~48+100 10.7 29 3.1
=100 10.2 ‘
Total  100.0 ‘ 26,5
Pit 2 | +8 3,6 - 22 0.8 16
-8 +14 25,3 18 4.6
«14+28 28,3 30 8.5
«28+48 21,6 34 T.3
«~43+100 10.7 25 2.7
-100 10.5
Total  100,0 , 23,9

UNIT VEIGHT OF EXFOLIATED VERMICULITE

Unit weight of representative samples of the ekfoliated
producté'ﬁas determined., Two of the drill core samples and one df the
pit sampléé were selected because they contained a relatively'high
percenfage of vermiculite,
| The exfoliated concentrate was screenmed by hand into
various size fractions. The frdctions were recombined to meet ASTM
grading specifications for Inorganic Aggregates For Use In Gypsum
PlasterA(C354S7T). Bach graded aggregate was thoréughly mixed an: the
unit weight determined. The gradings and ﬁnit weights are shown in

Table 2‘
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TABLT 2

Grading and Uﬂll WOIRhL of PlduLCT‘AV? cwate

Csiove | ASTM Limits | o.17 | Q:EQ o RR2o
ieve . _. Ceirges -
Size Retained, vol % . Retained Retainad Retoined
L4e |, 9 . o
——— T volume % volumne % “yolume %
Cmas min ' : ,
4| o |- o} o | o
8 10 - 0 2 : 5 4 : 10
W ] 7 ] 40 - 40. S 40 T L 4B
28 | 95 | 65 .70 65 = .80
438 98 75 .85 . 85 . 90
100 | 100 | 90 © 100 100 ' 100
Unit - , A ' L . o I
Weight . 10 6 21 Y 23. 1 . 24
(Ib/cu £1) ' 1 ' ‘
‘ Becauoe of- uhms a separate sample from the stockplle at : * I_
thu properiy was supplled for conflrmatory tesis. The stockpile had
been proaed to 1t least six monthﬂ wentherlng. |
Three 5 pound portions were cut from the material submittedz
fone deolgnwtud Stock A was exfollqicd as recelvod 1a . in a momst state
(17 pexvceny,mplsture);‘ the poruion dea1gnqted Stock B was drled at
175°F befdré eﬁfoliatioh' the portlon des 1gnmted Siock C was dried at
. Toom iempcrature before exfoliation,
" To obialn foed Tor ihe exfollaclng furnace the 48 mesh :
: fracilon WG glucardﬂd by hand scrcenlug. ”he x8 T@wh materxal wau pa sed '
- 'through the ;,ub(, furnsce at a Lc"upora‘ture bohrccn 17500 and 1800°I‘ The 6

’exfollatcd product weLs recovcred oy adr oepmroiloﬂ and ucreonod by hand
into verious size ifaotlon&.v Thoae vereo rccoﬁblnvd to meet A T gradxng

5pecifi6étibns for plagter aggregate. Very'llttle of the vermlcullten
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wag .minus 28 mesh in size, consequently a part of the minus 8 plus 14

mesh fraction éf each sample was crushed to>satisfy the grading require~-
'yi ments. In the unit weight determination, the volume occupied by a portion
of the aggregate was measured by pouring into a graduated 1000 cc cylinder.
Because of inherent experimental errors, the unit weight figures recorded

in Table 3 are to an_accuracy of approximately % 0.5 lb/bu ft.

TABLE 3

Grading and Unit Weight of Aggregate

Sieve ASTM Limits |  Stock A | . Stock B Stock ©
Size Retained, vol % Retained, | Retained, Retained,
ma% min volume % volume % volume %
4 0 - 0 0 0
8 © 10 0 5 5 5
- . 14 5. 0 40 . | - 40 " 40
28 .95 65 70 70 , 70
L 48 98 75 - 90 - 90 90 -
- 100 100 90 100 - - 1000 | . 100
Unit ' : _ :
Weight 10 6 -9 14 . | 13%
(1b/cu £t) _ - ‘ - e

EFFECT OF TEMPERATURE ON EXFOLIATION

A limited number of tests were carried out to-determine~
‘whether the firing temperature had any marked effecf on the degfee of

' exfoliation of the vermiculite., A part of the minus 28 plus 48 mesh

-

fraction of Aﬁger Sample 2 was chosen arbitrarily for testing in the

1

tube furnace. Firing temperatures of 17000, 1800°, 1900° and 2000°F
were selected. Above 2000°- the vermiculite began to fuse, The exfoli-

ated vermiculite was removed from each product by air separation. The
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uni t weights of,tHe concentrated vermiculites were determined and are
shown in Table 4. | ' .

TABLE 4

Unit Weight at Various Tenperatures

o

Firing Ter;xperature'  Unit Veight
S ey

(1b/cu £1)
woo | 19.
1800 ] 185
~ 1800 | 19,5
. 2000 - 18.7

M]NERALOGICAL EXAMINA'.!SION '

Parts of one drill core sample and of the auger-drill

. sample were examined to determine the constituent mlnerals. Microscopib:'

and X-ray diffractometer methods for mineral identification were used.

; The three princlpal constituents were identlfied as vermlculite diopsides'

fland»talc, Minor mlnerals identifled were pyrlte calclte and magnetlte.
It is believed that thevtalc is an alteratlon product of the diop51de.
BENEFICIATION
Various methods were tried to beneficiate the raw material
;Zby separating the vermidulite‘and‘the non-exfoliating material. -

‘Magnetic: Separatlon

- Two laboratory -model magnetic separators ‘were used in -

- these tests: 'a Carpco;fand a Franz Isodynamic separator. Neither of .

these machines'accdmplished any'Separationzqf,the’p?incipal éqnstituents,’

L
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Electrostatic Separation

Two laboratory model electrostatic separators were used: a
Coronatron, and a parallel plate sepératbr. Tﬁe Coronatron separaior was’
used with both a low intensity revolving drum electrode, and a high .
intenéity gtationary electrode. Neither of these separators were success-

ful in beneficiating the vermiculite,

Heavy‘Liquid Separation
' Several liquids of specific gravity between 2.60 and 2,80

 were prepared by mixing dafbon tetrachloride and tetrabromoethane, Parts

of the minus 14 plus 28 mesh fraction of drill;coré sample 0-39, which

contained 40 per cent vermiculite, and the minus 28 plus 48 mesh fraction

" of Auger 1 sample, which contained 26.pér cent vermiculite, were used for

these {ests.

About 50 grams of the raw material were put into the liquid,
stirred, and allowed to stand untiliseparation'iﬁto.sink and float fractions
vas complete, The twovfractions were'dried, and: the wéights obtaiged.

Each fraction was passed through the tube furnace to éxfoliate the vermi-

' culite vhich vas then removed from the non-exfoliated materiaiﬁby air

separation. The percentage of vermiculite was determined, The results

are shown in Table 5.
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TABLE 5

Heavy quuld Separaixon L

~of Liquid “ Wt 7 . wt 7 vt

 Sample 0-39 | | 7

C20 - | ar | s3] e | 20

25 | osa |4 | w0 100
2480, o4o.64. . {0 8 - .65 ' 5

‘,Sample Auger 1 - 1

2,60 . .17 f...83. L 80 | .30
PR R .80 { .50 |-- 80 | .20
“’2.75"'_s~~,'f*'~ s8° |42 F a0 0 100

Examinatlon of the Smnk and’ float fractlons obtalned from -
ffseparatlon revealed that “the float fractxons contalned malnly vermlcullte,,3"'

and-talc, whereas the sxnk fractlons vere composed maxnly of d10psxde andffi

nvermlcullte.'

B DIséussxbn OF RESULTS‘ﬁV"w

The 30 core—dr111 samples contaxned an average of 23.4 per o

cent vermiculite w1th extremes of Te 2 and 41.7 per ceni.‘ Tweniy.two of’
‘these samples contained~at least«ZO pervceni and 12 conﬁaxhéd at~1eést
25 per cent vermlcullte. In 24 of the 30 samples, over 65 per cent of
“the vermxcu]ite was minus 14 plus 48 ‘mesh in sxze.'
| J- The percentage of exfollated Vermlcullte that was coarser
than 10 mesh varled from 4 to 30 per cent thh-an avgrage of 15._ One

' commerclal*producer,ofv;nsulat;on,grade verleulité'designaféS,minimum,'

:'Specific Gravity - Float N i Sink, ;~¢V.Vermidulife'00nténi;. '

Float - | Sink |

L
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size ag 16 mesh, and a maximum size of plaster aggregate.as 4 mesh. The
10 mesh sieve was chosen,because it is intermediate between these two
mesh sizes,'to determine the proportion of vermiculite coarse enough to
meet size requirements of insulation grade vermiculite.

The three auger-drill samples contained an average of 12.3
per cent vermiculite. The average of Auger 1 and AugerAZQ which were
prepared for testing in the same mannér,iwas 13.]. per cent. Microsqopic
examination of the minus 100 mesh fractions revealed negligible amounts
of vermiculite in Auger 1 and Auger 2 samples, and 1 to 2 per cent of
vermiculite in~Auger 3 sample. This would account for the lower vermi-
culite content in the plus 100 mesh part of Auger'3 sample, Auger 1 and
Auger 2 samples were crushed finer than!Auger 3, resulting in about
double the-amouni of minus 100 mesh material. As in the most of the
core-drill samples, over 65 ?er cent ofvthe vermiculite flake waé.minus
14 plus 48 megh in size.‘ The proportiqn of exfoliated vermiculite,
coarse enough to meet size requirements for insulation grade.vermiculite;

averaged 13 per cent in Auger 1 and 2 éamples, and was 19 per cent in

Auger 3, The difference was probably caused by the crushing-methods.

The two pit mamples contained an average of 25.2 per cent
vermiculite, An average of 69 per cent of the flake was minus 14 plus

48 mesh in size. .The proportion of exfoliated vermiculite, coarse enough

- to meet size requirements for insulation grade; averaged 15 per cent.

Three methods of beneficiating the raw material were tried;

of the three, only the heavy liquid method (an-analytical method) appeared

to have promise, This method did not produce a vermiculite concentrate
but sepafaied the vermibulite and talc from the diopside contained in
the samples, A liquid of -specific gravity of 2.80Vgave the optimum

results, The product obtained by beneficiation of the diamond drill
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core sample_0~39’cbntained.65 per.cent-#etmiculite; compéfed with 40 péff
cent before beneficiation. - Sample Auger 1 was improved by beﬁeficiatioﬁ
from 26 to 4b.per ceﬁt vermiculi{e; A 1iqyid'0f 1bwer‘specific gravity;
-in some cases,’préddcedfé f1o§t?fractiou,of1highefavermicu;ité‘contént,'f , oy
but a'greatef pfoﬁortioh-oflthe #érmicﬁlite ﬁas 1osf'in the'siﬁk/fracfién;
VIi is poss:ble that a more comprehensxvc 1nvest1wat10n of wet milllng
methods would result in. elxmlnatlon of a pari ‘of the lepSlde.

| Unit welgh%s of the graded products obtalned from samples

0-17, 0-28 and Pit 2 were more than double the 11m1t Sp@OlflCd by ASTW.

Howcver, ihe unlt veight of the product from sample Stock A wag w1th1n o
‘the spepific&ﬁion; énd ffom Sfock B and Stock C/oh1y siightly‘above the ::
‘ maximumJ These three swmples orlglnally came from a level in the deposxt
above the exiating floor of the pit and were stockplled for wt 1east six
:'monihs. The 1ower unit wexghts recorded for theac samples may result
fram surface wea¢her1ng or the six month exposure to the elements, or a
combination of the two, Moist materlal'fed to the tube furnace was'
lowor in unit weight than the product obtained by eécfoliaﬁng' eithéb of
the dried sampleé; The fube furnace used in exfollatlon tests has a S
11mifed range of retention time and atnospherlc control.A Other means of
exfollailng mlght 1mprove unit welghts of all oamplcs tested. Varying - -
the. temperaiure of . the tube furnace between 1700 and 2000°F d1d not

.'appreciably affect the exfollated unit weight of Auger 2 sample.~
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CONCLUS IONS

' The diamond drill core samples, and the two samples
reported to be from the floor of the pit contained an average of approxi-
mately 25 per cent vermiculite. The sample reported to be from auger
holes drilled in the floor of the pit contained approximately 12 per cent.
In nearly all samples, over 65 per cent of the vermiculite.flake'was in
the size range minus 14 plus 48 mesh. About 15 per cent of the verni-
culite met size requirements for insulation grade, hut most was of a
size suitable for plaster aggregate.

Und.t ﬁeights_of the exfoliated products from the stockpile
samples, when graded as aggregate for gypsum plaster, were oclose to the.‘
upper 1imit.of ASTM specification. The unit weights of materials.taken
frrom below the level of the ﬁit floor wefe much above the specifiéd
limit, Either long term weathering near the surface of the deposit; or
short term exposure on ‘the stockpile might account for the differenge.

Variation of temperature from 1700° to 2000°, in the tube furnace, had

‘no appreciable affect on the degree of exfoliation,

Neither electrostatic nor magnetic separation were
effective in concentrating vermiculite flake from individual. size

fractions, Since a large proportion of the diopside could be separated

" in a 1iquid of 2,80 specific gravity, it is possible that intensive

investigation of wet milling might effect a partial separation of this
major gangue material, | ‘

It was not possmble within the scope of this 1nvest1gation
and the eqnlpment avamlable to establish the optimum condltlons necessary

for effective exfoliation.
HSW:EBM




