2 ORE TESTING <
MINING ) PLANT DESIGN
METALLURGY ! i v /' METALLUROGICAL RESEARCH
CHEMISTRY ; ASSAYS & ANALYSES

HARLEY A.SILL Tl VL [

‘ : k CONSULTING ENGINEER @ { L v g
: ‘ i 1011 SOUTH FIGUEROA STREET j i : ; ). ’.H S0 b
OB%0 ol 3 L e e e s ]
: : L W5

; N

8eptember 12th,,1027. : e

\

T B R

Messrs. W. My and H.‘H.'Armltrong,
Los Angeles,
Californiea.

Gentlemen:

In response to your request that I make a pre-
liminary investigation of the Key West Mine, in Clark
County, Nevada, to determine whether or not this property
warrants a more detailed examination, I have spent a part
of one day at the mine and Nerewith offer you the results
of my findings.

The Key West Mine lies about 24 miles southeast
of Moapa on the Unior Pacifio Railroad and is reached over
& good highway for the first 14 miles, the remainder of th
road being in a passable but not good condition. '

There are no surface improvements é&fany kind at
the property and in the rohabilitation of the mine, a complete
camp and mine equipment must be established. No water for
domestic purposes is available at present but I am informed by
the lessees of the Key West that & spring in the higher hills
8 mile and & half distant will furnish sufficient water by
gravity to supply the eamp for domestic purposes and a 650 ton
milling plant., My very limited time at the property did not
pernit me to visit the source of the water supply. The mine is

- partially filled with water but whether from surface scepage

or having reached ground water level I could not determine.

: The former operator of the Ke¢y West states that the
mine is developed to a vertiocal depth of 312 feet end that at
that depth they had to resort to pumping.

. There 1s & probable tonnage of not to exceed 1500
tons of dump ore with sufficient value to be available for
milling. These dumps while not ocontiguous, 1ie within a radius
of a few hundred feet of the mill site and oould be transported
to the mill cheaply. : ’ -




" TABLE CONCENTRATION TEST « KEY WEST MINE

DUMP SAMPLES

108 pounds of ore taken from all of the ore dumps were
‘orushed to minus 40 mesh and tabled with a resultant concentrate
weighing 6.1 pounds or a ratio of concontration of 21,17 tons
into 1. This ore is very ocomplex and contains in addition to the
gangue minerals, nickel, ocobalt, copper, platinum, palladium, gold
and silver in addition to a considerable amount of iron, all
occurring in the sulphide form. The ore taken from the dumps to
comprise this sample hes been mined for many years and subjected
to oxidizing forces which have greatly altored the original sul-
phides and added to the diffioculty of their concentration. A
preliminary test, crushing to 20 mesh, showed by a miocroscopioc
study and chemical analysis that a considerable percentage of the
valuos were still ocoluded in the gangue and that finer grinding
was necessary to liberate the values sufficiently to give a satis-
factory recovery. Under the best conditions of grinding and classi-
fication m considerable loss will be sustained due to the excessive
~degree of decomposition and oxidation of the various minerals present,
A mioroscopic study of the crushed materi al showed that crushing to
aninus 40 mesh liberated most of the values.

The following table gives the anelysis of the various:
products and the resultant extraotions:

Gold 8ilver Platinum - Palladium Nickel Cobalt Copper
. 0zs8., IT I Ozs. Ozs, _% 7. ;i

i 0,19 1,38
i 2.4 3048

. 0.11 3,93
: 08  0.55

Heads ‘Trace 0,18 «03 «02
Concentrates bl L 1% 0.62 0.41
Middlings None o4 Trace Trace
Tails None Trace None None

-

0
8
3
0

Percehtape Metal in Produots

Gold Silver Platinum Palladium Nickel Cobalt Copper
Heads 100 100 100 100 100 100 100

Concentrates o 83.96 97.6 96,8 41,34 69.66 39.24 -

Middlings o 16.06 - - 22.68 4,29 21,40
Tails T - i - - 38.66 37.0 36.64

# Ratio of oconcentration <« 21,17 into 1‘
.%** Ore orushed to minus 40 mesh.




TABLE (0 KCENTRATION - KEY WEST MINE
MINE ORE - 265' above 75' level

5 pounds of mine ore were crushed to minus 20 mesh with
a rosultant concentrate of .386 pounds or & ratio of concentration
of 13 into 1. This ore like the dump ore is badly oxidized and the
entire face of the vein waes covered with a heavy coating of copper
sulphate., Beocause of the small emount of ore obtainable, the con-
centrates and middlings were oombined. The tailings show that
finer orushing is necessary to free the mineral from the gangue end
es in the case of the dumps the ore should be ground to a maximum

: of 40 medh,

The following table gives the analysis of the various
products and the resultant extractions:-

Gold Silver Platinum Palladium Nickel Cobalt Copper
Ozs. Ozs. [ IT 028 B % %

Heads .02 0022 0021 0.18 0.69 0,23 2049
Concentrates .16 2.62 2.4 3.0 4,6 1,62 - 0.8
Tails .+006 Trace «03 | Traoce 0,37 0,11 1.2

Percentapge Motal in Products

84lver Platinum Palladium Niokel Cobalt Copper

Heads 1::300 100 100 100 100 100
Concentrates 90.0 88,23 11 - 'Bl.l 66.9 66.6 ?
Tails i 10.0 11,77 - 49.9 44.1 44.4




With a milling capacity of 50 tons per day there
is approximately one month's supply of ore obtainable from
the dumps. This is not sufficient to warrant the installation
of a mille The mine is only partially available for examin-
ation, being filled with water to a point slightly below the
76" level. Howover, at that horizon there is & strong
mineralized dike showing approximately 20' in width which
should develop & considerable tonnage of ore if 1t maintains
its present width and value to the asserted depth of 312' or
bottom of the mine. In my opinion this mine warrants the
unwatering of the lower workings provided a satisfactory
metallurgical treatment can be applied to an ore of such:
extreme complexity and & satisfactory nerket provided for the

metals obtained..




_ The following are average samples of the three
ore dunmpst

DUMP SAMPLES

Sample Gold Silver Platinum Palladium Nickel
[\ITH Ozs, Ozs, 08,

Main ore :
dunmp Irace ,20 «03 +026 1,18

Ore and .
waste dump Trace L14 002 «01 0.63

Red iron
dump Trace 18 «06 .07 1.64 0.26

The ore ocours in a badly decomposed basioc dike of
probably pre-Cambrian age intruded in gneisses of the same age.,
The mine was filled with water to the 76' level and was, therefore,
 only partially available for examination. However, at this horigon
the vein shows a width of approximately 22' and e sample cut across
14' gave the following analysis:

Sample Gold Silver Platinnm Palledium Niokel Cobalt Copper |
i 088. Ozl. OZSQ 28, % -ﬁL "!

26 above ki ; ; : |
76 level = .02  0.22 0.21 0.18 0,60 0423 2.49 }

Muok in ; 5 ; | ,
drift 01 ~ 0.12  0.02 +03 - 1.26 0.26  1.66
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' REPORT ON ORE TREATHENT
“FOR Wi, LOUIS THONPSON

Q-ﬂQOQ-n-
2 : The sample of dump ore submitted for treatment was
found to contain the following values per short ton:

(As;) : (Pto) (Bd.) . (Cu.) . (c@.) .(Hia)
S8ilver ' Platinum Palladium Copper = Cobalt Niockel

«68 oss. «27 oss. «32 oss. 1.3%2 =~ 44% .63%

This ore was first ground through 30-mesh for tabdbling
with the attendant results - (see Table #1§, _ s

The overall extrection was poor, particularly in the
platinoids. To discover the reason for this, & separation of the
tails was made at 80-mesh; this showed that 96% of the platinum
and palladiun contents were in tho fines. , ;

Z Matorial AEQ Pt.& Pd._ Cu.

+ 80«mosgh . 36.6 «30 «07 w09
.« B0=moesh 63.4 34 74 v e T8
Caloulated Values 100 «326 +496 « 71
Table Teailing Assays 32 «60 «78

It was evident from this greding analysis that the plati-.
noids could only be recovered by some other method.

The tot#l tailinge wore then treated b flotation. Two
tests were run, using as reagents a combination ol Pine 0il, Potassium

_Xanthate and P. E, 0ilj these tests showed that the table tailings were
emenable to flotation, bdut required finer grinding to give a satisfac-
tory reoovery. ¥ ¥,

The material was reground to 7% on anyoah.

‘
A




Water ratio b to 1

Reagents Pine 011 &t per ton of ore
Po E. 011 % » .
Potassiunm Xnnth;to 05 -

. S'Hatorinl'lnﬂ Copper % Distribution

Flotation feed 100 .89 100
* Conocentrates 32 2.47 87.8
¥ Teilings 68 «16 12.2

Tost f4

Was made with the objeot of reducing quantity and inoreas-
ing grade of ooncentrates produced without inoreasing tailings
loss, The concentrates from this test were olourod.

- Water ratio 3.6 to 1

Reagents -~ Pine 0il 4/10# por ton uf ore
‘Potassium Xanthate 13# :

a:rull lnalytiu of this test ii”uhoua onrtcbli $2.

2 . Table #3 is & summary of the tahlo test and flotation
_C:b test: #4. . . il ,

From a -tudy of thess tables, it appears that the tabling

of this ore can be dispensed with, tithout in uny vny affocting
the aotallurgioul 10lnol.‘

Test f§

Direct flotation on originnl dump ore ground to 100=mesh .

‘ wAter ratio b .6 to 1 K
‘Rougontl Pine 041 %# per ton of ore
‘ P.B. 011 2/104 per. ton of oro
Potutniun XAnthnte 1#
: , Distribution
$ Hnterinl ‘% Copper . of Recovery

‘Heads : by 100 1.176 100
Concentrates . . . Al 50689 b " 66.2
Middlings : i QRIS o 82.1
Tailings ' v B8 2k e B8 o 18,77




Direct flotation on original dump ore gound %o 100-
"moesh.

Water ratio S¢6 to 1

Reagents lime 6{ per ton or ore
Pine 041 s/108 "
Potassfum Xanthate 34 * ®» - w» =

: Copper
% Hateriql . Assay Recover

- Heads [T 100 ! 1.3 100
Concentrates. : 20 4.76 74.23
Uiddlinge i 24 .4 «93 17.7) 91.9
. Tailings s 66.6 «19 8,1
cgloulnted Boadl ~ 1.278

Platinum & Palladium

% Matorial Assay 7 & Roopvorz-x*-nﬁ»

Heeds - ©.100 - .69 100
Concontrates - 20 . 1.82 58.3)
Niddlings 4 1 L . +84 32.8) 91.1
Tailings : 10 8.9
Caloulated Heads ! . +6246

In the regular operation of a mill, the middlings will
be returned to head feed; this will t-nd to 1ncroa.o the
grade of oonocntrntol.

Ratio or concentration & to 1.




BUMMNARY

From the results obtained on the sample of dump ore
from the Key West Hine, submitted to me for te-ting purposes,
I advise direct flotationm.

?ho benefits to be derived from diroot tlotntion ares

lst. An inoresso in grade with a doorease in amount
.of concentrate produced over tabling proooding
flotation. bl

Simplicity of operation.
3rd. Deoresse in installation and operating costs,

The work so far done has shown that the platinoid-
minerals ere in very close assooiation with the sulphides, grind-
ing to 100-mesh parts to liberate them effeoctively for separation
by seléctive methods. A bulk concentrate has to be produced to
make & -nti-factory saving of the valuable oontont-.

A certain propogition of the iron oan be dropped out ot
the conocentrates, but if the dropping of the iron is carried too
far, a portion of the valuable contents go with it. This can bo ace
counted for as the bulk of the iron, is contained in the minerals
Pentlandite, Chalcopyrite and Nickeliferous Pyrrhotite.:

M11l work should be guided by the procedure of test #6.
It will probably be found that the amount of reagents reguired
will be slightly lower than used in these tests. The linc roqnircc
nents 1111 vary with the ‘nature of the tator. g

| 4 [
_‘

Consulting Engineer.




Test

Test

KEY WEST Contd.

“w ]l e
A semple of coarse mine ore was later submitted

for treatment; this was found to contain the following
values per shori ton.

Ag. Rt kd. Su. Co.  Ni. Insol

.48 0z5. «20 OzB. 422 Ozs. 1,07% 1.06% 2.72% 60,8

This semple ocontained considerably more iron than the
dump ore and the percentage of Cobalt and Niokel were also
much higher but there is a decrease of 29% in the. platinum,
palladium content. The ore was ground as follows:e

%
65 mesh 8.

100 " 16.
160 1"~ 14.4
200 " 16.7

200 " 45,9
100,

and treated by direct flotation, With the high sulphide

content selective flotation to a certain degree was essential.,
The following tests were run on above feed with & water ratio
of 3.6 to 1, g

7

Reagents : Lime 1# per ton ore
Aerofloat 041 af108 * N N
Tailings .8% Cu.

8

. Reagents Lime 14 per ton ore

Pine 01l 4/10# per ton ore
Potassium Xanthete l# per ton ore
Tailings « .,44% Cu.,
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Test #9

Reagents Lime 2§# per ton
Pine 011 s
Potassium Xanthate 1.7 " "
Tailings «16% Cu.

Test #10

Reagents - Lime 54 per ton
Aerofloat 0il 4/104 " "
Potassium Xanthate e Y o®

Tailings : +81% Cus
Test #11

Pine 011l 2/104 : .

Reagents Lime v gi Per ton
Potassium Xanthate 1 oy

Tailings «14% Cu.

Test #12

Reagents Lime 6# per ton
; : Pine 0il BA0g Yy *®
Potessium Xanthate -~ 2§ v .

Tei 1ings +»19% Cu,

This test was oarried to completion, the rougher
ooncentrates oleaned with the addition of 2 lime per ton ore.
Table of results attaohed.

Test #13
With 10# lime per ton, Xanthate and pine oil gave
evidence of improvement in grade of productj further tests are

being conducted with high 1lime ocontent and results will be submitte
ed when completed. ; :

Test #14
In an acid oirouit using 2# sulphdrio acid per ton and

inoreasing amount to 54 per ton, in an endeavor to clean
up concentrates proved of no avail. '

Test #1656

With Sodium Silicete for same purpose gave no evidence of
any improvement.
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‘ I have made a preliminary examination of the Key
West Mine to determine tho charscter and extont of the ore
bodies, This investigation wes necessarily suporficial as
the mine is filled with water to e point just below the 75
foot level. : .

I em informed by the former superintendent of the
proporty during its entire period of operation that the mine
is developed by a vertical shaft 312 foot doep with levels at
76, 200, 250 and 300 feet. Uy informant states that the '
mineralized aroa was 48 feot in width on the bottom level.
Beocause of\physical condition of the proporty, I am uneable to
substantiate those stautements but am inoclined to accept them
bocause on the 75 foot level, which is available for examina=-
tion, the vein shows & width of approximately 22 feet while at
points on the surface 44 shows an evon greater width, and s
sanple out aoross 1lé feet gave the following analysis:

Sample:s  Gold g4lver .Pletinum Palladium Hickel Cobalt 003por
0z8. 028 Oes, 0z8. % A %

25' above ok : : : 53 :
756°¢ levql «02  0.22° 0.21 0«18 = '0.69  0.23 2449

Huok in ’

arift . .01 0.2 0,02 403 128 0426  1.56

DUNP SAEPLES

Sample Gold Silver Platinunm Palladium Nickel Cobalt Copper
Qzse - O2ZBas. 0zB8e 028 §

Maing ore - :
dump Trace «20 03 " 0286 1 113 «29 1.66

Ore and Ehg , g ;
waste dump Truce .14 02 «01 0.68 0.14  0.63

Red iron sl <t
dump Trece 18 «086 3 «07 1.84 0.26 2.0

The ore ococurs in a dbedly’ decomposed basic dike of
probably pre-Canbrian age intruded in gneisses of the same agoe.
These basioc dikes show on the surface to be from 10 to 40 foet
4n width. As indiocated in my metallurgical test, the ore is
oconposed of oopper &s ohaloopyrite, iron prinoipally as pyrite 7




in associstion with occcasional pieces of pyrrhotite together
with platinum, pslladaium, small amounts of gold and silver,
elso nickel=iron-sulphide ocouring as pentlandite and
polydymite together with cobalt as cobaltite.

A combination of these minerals presents a com-
plex problem in metallurgy but I believe from & study of the
vein at the 756 foot level that you are justified in unwatering
the mine to determine the value and extent of the ore bodies .-

reported on the lower levels.

~Consulting Engineere

)

/
t
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KEY WEST MINES Cont'd.

FURTHER TESTS ON MINE ORE

TEST flex

Ore ground in pebble mill from 20 mesh to 100 mesh
with 7.6# lime per ton. Indicated alkalinity
after grinding = .01% Ca O per ton ore., Floated with:

Potua:ium Xanthate - 1# per ton ore

Pine oil - 104 N R

Water ratio - 3. t0 1

Concentrates ocleaned and two products taken.

ﬂ Material Pt & Pd

i L1
Assax % Aaaaz % Aasax § Ausl; E
Heads 100 . 00

1st Cons.22.4 .38 21. 3.7 78.2 ,92 zo, R.835 1%,

2nd " 14.3 .92 32,5 1.08 14,3 1.3 . 16,. '1.12".57,4
Mids. 22,6 .62 34.4 .19 4. 1.45 32, 3.49  28.9
Teils . €0.8 | D20 12,1 .00 3,87 .6 030, .98 14,7
‘Rocov. i V : ) ‘
Cu - 87.9 == 96.5 W e T 858

" ey ien BBu3 | == 9645 Jo.9 - ' '85.3

Galcglnt.d Heads : ‘ ‘ 2.72

This test showed the possibility of making two products,
one high in copper, low in nickel and ocobalt; the other low in
~copper and high in niokel and cobalt. There was also some
indication of the platinoids following the niockel.

TEST 173

Was run with the object of increasing grade of tho two
products and making & higher recovery of the nickel.
"~ Ore ground in' pebble mill from 20 mesh to 80 mesh with

104 lime per ton ore. Indicated alkalinity after grind-
ing .09% Ca O per ton ore. Floated with:

Potassium Xanthate - 1/2# per ton ore

Pine 011 - 2/104# " i s

Water ratio - 3.5 to 1

Concentrates cleaned and two products taken.
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TEST §#18:
In oyanide solution with same reagents as in other’

tests, gave no evidenoce of any possible improvement over
previous worke

TEST lez

Same conditions and reagents as Test #17 but finer
grinding. No improvement; with finer grinding more gangue
comes over with concentrates.

TEST fzo:

Ore ground'fromvzo mesh to 60 mesh with 3# lime per
ton ore. No indicated alkelinity after grinding. Floated '
with same reagents but found that with no indicated alkalinity,

concentrates were higher in insoluble. PR o 7

TEST #21: LN Sl B hE % e

Ore ground in pebble mill from 20 mesh to 60 mesh
with 6% 14me per ton, pulp faintly alkaline after grinding,
floated with: | : ek Wit : ‘ i

Potassium Xanthate =~ 2{ per ton ore
Pine oil R Vi LR G
Tailings - +64% Cu.
Concentrates dewatered and reground with
6# lime per ton ore. : ~ :

Object of this test to float all sulphides. By regrind-
ing concentrates with more lime and floating again with less
Xanthate, it was hoped that a more selective copper concentrate
oould be made, This was not found to be the ocase.

Cu Ni
1st Conocentrate . 3.

This method does not show any evidence of improve~
ment over Test #17. - '




CONCLUSIONS:

From the results obtained on the sample of Key VWest ore,
I have arrived at the following conclusions:

1. The ore is amenable to flotation mnethods.

2. A satisfactory extraction of all waluable contents in
e bulk concentrate can be madej ratio of concentra-
tion 3.3 to 1. : :

It {s not possible to reduce the amount of concentrates
produced in any appreciable degree without high tailings
losses.

It has been found that an alkaline cirouit is necessary.
An indicated mlkalinity in pulp of .01% CaO gives best
results; this will require from 8 to 10f lime per ton of
ore. Lime should be added at ball mill.

Potassium Xanthate and Pine oil are the only reagents
so far found to be of any service. These can be added
after grinding. ' }

/

6rinding through 66 mesh liberates the sulphides; finer
grinding tends to increase insoluble in concentrates.

The table of results for Test #17 shows that a separation,
by flotation, of the copper and nickel, can be made}

with most of the cobalt, platinum and palladiunm, going
{nto the nickel concentrates. Marketing conditions will
deteormine whether this separation is practiocal or not.




