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A PELIEIBARY STWDY CF
NONTANA COPMER ~ KICKSL OR8

Deposits of sulfides, containing nickel and copper
with associsted platineferous minerals ocour in the
Stilluater Wu complex, & group of unusual igneous
rocks, situsted in Stillwater and Sweeilgress counties,
Hontena. The deposits so far uncovered are low grade
and as yet have no economic significance. A full de~
seription of the complex is given in & recent publication
of the Montans Burcau of Nines and Geology, entitied,
¥iscellsueous Contribution No. ¥Y==~"The Stillwater Igne-
ous Complex and Assoclated Coourrences of Bickel and
Platinum Group Hetals."

The ore under investigation comes from the Nouat
property on the west side of Stillwater valley. The
Bount mine is the largest of the two nickel properties
in the district. Sulfides ocour inm hornfels and vary
from sparce dissominctions to massive sulfide with less
M ten per cent an&eum. The metallic minerals are
pyrrhotite, chaleopyrite and pemtlandite with sumall
amounts of pyrite.

The resulis of aseays on a sample teken from the
dunp of the Nouat mine and determined by the Intermational
Hickel Co. of Canada, are shown in the first column of
the following table. A = 100 mesh samplc cut from the
ore used &upertmtalwrkammxym by the
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fontans Bureau of Mines and Geology gave the rasulls

shown in the second column.}

Table I
L
Datsrmination }
Int. Hickal co.I Mont. B. M. & Geol.
‘mm ——

Copoer 1.868 2,288 :
Bickel 0.560% C.B6 &
iron S1 o405
Platinum metals 0.0085 vg/ton
Palladium 0,0085 oz/ton
Gold 0,00820 oz/ton

Ldantlticat;og

In order 1o ascertain its mineralogical charscter-
isties, a nuwber of polished sections of the ore were
axamined under iLhe microacoﬁe. Pentlandite and pyrrho-
tite are very difficult to differentisie under the mi-
eroscope becsuse both have similer colors. In some of
the polished sections exemined, it was pocsible to dis-
tinguish betwsen pentlandite and pyrrhotite by changing
the focus sllightly.

The chromic acid stain described by Professor

i

All aspays for coppor and lron glven in this study
sore determined by the Montana Bureau of Mines and Geology.
All nlekel detarminaticns sere made by the swriler, following
the schems outlinad in H. A. Fales, "Inorgenic Quantitative

Analysis.”
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A. B. Cawlin in Beonomic Geology., Volume 30, pages SO2 to
562, was used to differentiate the ore minerals. Vhen the
polished ore surface is stained for a coriain length of
time with a chromic acid solution, the pentlandite assumes
& bright blue color, the pyrrhotite turns & dark bronze
and the chalcopyrite retains its origiunal color.

Pyrrhotite is far more abundant than chalcopyrite
and pentlandite. Pyrrhotite, chalcopyrite and pente
landite are interstitial to and partly replacing the
silicate.

Pontiandite is clearly replacing pyrrhotite in
ploces and aleo oeccurs in small greins in the silicate.
Pentlendite also occurs in o bead like sequence along
twinning planes and facos of the pyrrhotite. Nickel
also seems to occur as & solid solution in pyrrhotite.

Chalcopyrite may be intergrown with pyrrhotite and
pentlandite but usually occurs separately in the silicatle
as free chaleopyrite. Two different types of silicates
were in evidence, one being a darker gray than the
ether.

Pyrite ocours in the silicate and rarely in contact
with cther minerals. See Plate I, for typical appearance
of specimens under the microscope.



4 number of grinding tests were made in whieh 500
grame of ore were ground with 400 c.c. of water In a
500=gramscapecity pebble mill. Sizing was done emtirely
by sereening because of the inherent difficultiecs of
piging magnetic products by sedimentation, pyrriotite
_ being very megnetic md tending to flocculate when in &
finely divided and suspended state. Olzing tests were
run on products which had been ground as doacribed above,
for twenty minutes, forty minutes, snd sixty minutes.

The grinding time declded on a8 belng the Lest, was
the thirty minute grind, or se that 908 of the pulp will
pass through o 270 mesh Tyler screen., 7The advantage of
freeins the minute grains of pentlandite by exccssive
fine grinding is offset by the teundency of pyrrhotite to
flocculate and include the free grains in the floccules.

A few flotation experiments bave Leen conducted,
the purpose of which were twolold:
1.~To separate the valuable conntituents »
{pentlandite, pyrrhotite, chalcopyrite)
from the ganguoe
Z.~Tc separate the valuable minerals {rom coch
other.
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' Objeets To find out the effeet of a varying pH

upon the recoveries of nickel and copper.
A sequence of flotation tests were made, ueing

spproximately 0.10 1b./ton of amyl zanthate and
007 1b./ton of terpinecl on each run. GStandard buifer
solutions were used to maintain o predetermined pH. The
method of making up these standard buffer solutions is
deseribed in Clark, *The Determination of Hydrogen Ions,®
Chepter IX. Graph I, constructed from data obtained
from Table 1I, shows the detall of the reculis obiained.
A maximum recovery of copper was cm at a pi of
about 8.5, and the maxinmum for nickel at a pX which is
substantially lower, that is, at about 7.0.
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Test VII

Object: To observe the effect of cyanide on the
recovory of nickel when used L9 depress pyrrhotite,

In this test, 2000 grams of ore was ground for
thirty minutes with 1000 c.c. of water and § 1b./ton
of liwe, whieh gave a pH of 8.7 at the start of the test.
A 2000=-gram-capacity Denver Sub-A flotation machine,
with a pulp dilution of about &) to 1 was used. Using
xanthate and terpineol as reagents, a froth was made
which was re-floated in the 60U-grem-machine, using
cyanide to deprass the pyrrhotite. The recovery of
coppar sas 979 but that of tha nlckel toteled only
4¢.4f. The cleaner tailings showed a higher percentage
of nicxil than the copper concentrate. Sea Tables
II1I & IV below,

Tabls III

Reagent Consumption (1b./ton)

Piace of
Addition Amyl
Fanthste Terpineol Cyanide Lime
Blllk floutlm 0010 000?5 s -500

cl‘an.t‘ - 0005 0005 - n > - il



Table IV
Product t pH wt. == Beco:er, !
# Cu Bilg Fe | cu ¢ N1 €
15§ cuncanura L . - - - - - el
Clesner " 8.0 470 gd 9.10| 0.46] 38.3] 97.0| SL.4
Cleaner tailings 148 ° | 0.1b| 0.71| 44.2| 0.07] 15,0
Bulk Flotation tails 1810 7| O.G7| O.B9| 10.5] 2.98 | 6246

Test VIII

Object: To ses i regrinding would improve the
recovery.

2000 grams of ore was ground for thirty minutes
with 1000 c.e. of water and 10 1be/ton of lime. Two
successlive froths were lloataed. 500 grems of the
tailings froz Lha above oporat;on wag ground for 20
winutes with 0.06 1b./ton of copper sulfate and & 1b./ton
of soda ashe. A concentrate and telling were made from
this reground pulp. In this axperiment, Lha nickel con-
tent was boosted Lo 1.5f in the 10¥ copper concentrate.
Regrinding saomed to prove of 1little value, due to the
behaviour of ihe finely ground pyrrhatite, See Tables
V & VI bolos.
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Zable X
Reagent Consumption {(1bi/ton)
Piace of
ARd1tion ontiote Torpinecl Lime P0%8 oo,
During grind —— —— 100  wew -
Pirst froth 0.08 0,028 - - -
Second * 0,08 04080 o EET—
Suring regrind - — - 5.0 0.086
Scavonger concs 007 .08 e - o -
Zable VI
Assay Becovery
Product pH Time | Velght | S ¥i|% Cul® e |Hi £(Cu 8
First froth 6 min.| 197 g.| 1.58/9.76]36.9) 28.062.8
Segond " .1 0.3 126 * S63 " | 1.0612.90 44431 54,6380
Tallings ! - 1376 » 0.3010.,08(18.8[37.4] 2.2
Scavenger Conge | 8.4 | wwww 56 * | 0.50 0,82 20.,3/18.2 81,0 |
" . | e i 4350 = 0.2010.25 |18,4/81.7 (19.0




As is seen from the data, the best copper con=
centrate mado ascayed only 108 copper and 1.5% nickel.
Attenpis to make a nickel concentrate failed. It was
impossible to lover the grade of the tailings to less
than 0.3% nickel.

It is desireble to know if the present deposits of
copper and nickel can be ecconomically workeds To come to
a sound conclusfon, the following assunptions were radesl

- 1s A 157 copper concentrate contalning 2% nickel
can be nmede with an 808 recovery of copper from the ore
which assays 2. copper and 0.087 nickel.

Ratie of concentretione m " 811

: 2. Payment for vopper: If 3% or more, pay for
807 of dry assay at 9 cents less 3 cents pe;lb.

3. Paymeut for nickel: It is doubtful if & copper
emelter would pay for the nickel, so it is assumed:

a. Pay for all the nickel at 30 eents per pound.

be Ko payment for nickel.

4. Treatment cha::;h- on 3% sopper, £3.00 bese. Re~
t(!:oc}chaaga by 10 cents for each umit in excese of 3¢
6. Cost of milling iz £1.00 per ton.

6+ Cost of transportation i {5.00 per tom of cone
- gentrate.

1A, M. Gauwdin, "Flotation®, Chapter XVII
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Dollars per Ton

Copper: 0.80 x (1503) x N—x (—9009 - 3): . o Sls.lz 3“-1’

Hickels BD X220 X0B0s w6 # 60 069000 i2.00

Treatments: 3‘”-‘1‘40‘3‘0}‘&10.0.»"

Het smelter payment per ton dry concentrate .

Transportations « « « » 2 ¢ 2 2 4 o 9 2 @

Reoelpt por ton oconcentrate « « « « « » «
Receipt per tom of ore (R. C. ® 811) & »
Cost of milling por ton OFe « « + « = » «
Het receipts por ton of ore « ¢ « « » o «
To be echarged against the above reseipts:

B

of Concentrate
Credi Credit Debit
{a) (v)?
1.90
” On xs.n 1 - 90
—nt20 1,90
. 25.22 13.22
- 85.00

]

. 20.22 Se22
- 2454 1.03
. <00 1,90
. 1.54 0.03

of mining and profit.

Case (a) It is well known that most forma
of metal veln nining would cost more than §1.5¢

psr tone. Also to De considered is the faot that

& return on investzent 1s expected.

Case (b) It is obvious that if the smelter

does not pay for the niockel, exploitation of the

ore is not to be considerod.

1 Smelter pays for niokel.
2 Smelter does not pay lor nickel.
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1.~A copper concentrate conteining a maximum of
107 copper and 1.5F nickel can be mode from this ore.
However, the poesibility of raising the grade of the
copper concentrate to 157 is not remote.

2e~It is doubtful if a nickel concentrate, as
such, can be nade.

3«~1It secus imposaible to lower the grade of
tailinge to less than 0.5% nickel. This sugsests
that part of the nickel otcurs as & silicate.

d.~Flotation concentration of Montana coppere
nickel deposits will not be economically justifiable,
unlesss
a.~Higher grade ore is discovered.
be~An unprecedented shortage or demand forces
the price of copper and nickel to far above their
present market quotations,
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I take this opportunity to express ry
gratitude to Professor A. SQ Gaudin, head of
the Department of Ore Dressing st the Montana
School of Hines, wndor whose direction this
work hoe been done, for his aid and assistance
and for the rending of the mmriph.

I anm also indebted to Professor L. J.
Hartzell end J. V. Johns, Jr. for timely suge
gestions and loan of eguipment.



Appendi x

Plate T

60 X
X------diameters
Siy----dark colored silicate
Siz----l1ght “ %
Cp----- chalcopyrite
Ph----- pyrrhotite

Pd-----peatlandite

9
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