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" FLOTATION TESTS ON

LEVIATHAN MOLYEBDENITE ORE

FOR
MR, T, B. TENNEY
BY
JOHN F. GRAHAM
TEXAS OOLLEGE OF MINES AND METALLURGY
EL PASO, TEXAS.

NOV, 23, 1935
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Mr. J. B. Tennsy,
1070 Mountain Aveo,
Tucson, Arizona,

Dear Mr, Tenney:
The lMolybdenite ore which you sent me for testing assayed:

= 6.51% Cue = .58%

This ore is identified as the Leviathan ore,

Your imnstructions were to test the ore in conformity to a flow sheet in-
cluded in your letter. In the main I have followzd these imstructions, but I

have deviated at times whon it seemed more likely to give bstter resultis,

Because of the high cost of Molybdenum assays I have made little altempt
at metallurgical balancing but have tried to pick out indicstive samples for

assaying.

The one balanced test that I made 18 summarized below:

Haterial Weight Assay Racovery
Grams LSy Cu Insol., MoS, Cu
% ¥
Concentrate 42 83,45 .48 12.4 44,80 1.8
Middling 39 27.12 1.72 9.75 545
Middling 35 11,72 «98 5425 3.2
Middling 300 5,64 D7 21,70 15.6
Tails 1658 .87 e 49 18,50 74.0
2070 (4 100,00 100.1
Calculated Heads 3.80 W53

This particular test was ground somewhat Iiner than most of the tests,

being only 2% + 100 mesh,

The procedure of the test was:
Grind in a rod mill with a water-solid ratio of .8 to 1 and 6 1lb of
lime to the ton of ore. The amount of lime to be used will be governed by the ore,

the water and the gquality of the lime.

Float approximately one hour. At first Molybdenite came over freely, but
after the first ten minutes the flotation was very slow. (You have accounted for
this by sayins that the coarse Molybdenite possibly should be removed from the tails

by a classifier.)




The tails from this operation can be {icated for copper with good results,
In one test, not this one, I produced a copper concentrate assaying:
Cu = 16.28% Az = .02 oz Ag = 4.8 oz

with a recovery of 76,4% of the total copper.

Considering the low copper value of the heads of the ore tested, any saving
of copper from this particular grade would be wneconomic, 7The reagents used were

1 1b CuSO4, .1 lb Amyl Xanthate and pine oil to make a [roth,

The rougher concentrate was thon floated, using 2 1b. sodium cyanide as a
copper depressant and pine oil sufficient to maintain a I'rota. Xach concentrate
made was refloated with 1 1lb. sodium cyanide, calculated on the basis of original
tonnage., This is more cyanide than is needed for these small concentrates, but it

maintains the same cyanide strenth of solution,

In this test the rougher concentrate was refloated six times and then the

various cleaner tails combined &s shown on the table.

The computed heads for this test was 3.8% M082 instead of the 6.51% shown
by a sample of the ore, This can be accounted for by admitting that the head sample
is incorrect, either in sampling oy in assaying, or by admitting that the sample taken

for the test, although gquartered out, was actually lower than the true heads.
COMMENTS,

I feel that the 12.4% insoluble in the concentrate can easily he lowered
sither by regrinding or my manipulation thus bringing the product avbove the re-

quired mininmum,

One test gave a concentrate from 2000 grams, of'
Wts = 24 grams MoSp = 88,54% Cu = .50%
These are the only iolybdenite assays on the concentrate that I had made,

I have copper assay of a second concentrate running .350%.

Besides the tail values shown in this test I have tail values of

«93%, .41%, and 7% Mos,,.

The tailing assaying 17%% MoS, was screened and the component parts

2

aggayed with the following resulis:



Mesh Quality Assd& Distribution of MOS?
% MOSE
+ 65 9.5% .89 10.0%
- 65, = 100 37.0 «OL 4%.0
- 10C, + 150 1445 «91 16.5
- - 200 26.5 « 65 21.5
100.0

This shows that the Molybdenite losses in the tailing clogely parallel
the character of the grinding, with 15C mesh as an apparent dividing line. Onse

third of the tailing losses can be avoided Ly grinding below this limit,

However, this is but one test and needs to be checked up for correctness,
and for effect on copper conbent,
it # #

A test on the disposition ol the copper gave:

Meterial ?ﬁeight Cénper’Assay Recovery

Tails 92,1 o1l 17.6

Copper Conc i« 2665 16,28 76 .4

Middling No. 1 3425 « 58 Sk

Middling No. 2 1.3 .65 1.5

MoS, Conc o7 o772 o9
106,00 100,0

##

2070 grems raw ore at 3.80%

78.66 Grams MOS2 .

1658 " Tails at .87 L= 14,42 " "
42 " Concentrate at 83.45 = 35,05 n "

' 49,47 M i
29.19 " "
78.66

370 " middlings at 7.89

[t}

The actual recovery as concentrate is 35.03 grams from'78.66 grams or
44,8%, But if you acdmit that the mill makes no mid@ling then the recovery is

35 parts out of 50 or a recovery of 70%. This presupposes a tailing of 1.14%
Mose, and since I do not think you should get a tailing that high, your recovery

should be higher than 70%.

All this is prediceted on heads of 3.80% MOSB. I woulid expect the value
of the tails to bhe about constant regardless of changes in the gsrade of ths feed and so
the higher the fed value the greater tho recovery. The actual value of the

tailings will of course be modified by the care givem them, such as regrinding, etc.



CONCLUSION

A low tailing velus will be obtained if the rougher concentrate tailingzs
are scavengzed by repeated refloats, the concentrate made each time working back

{0 the rougher machine or even to the ball mill,

A certain amount oI copper pefsists throughout the cleunings into the
final concentrate. I think cyanide can be washed in this part of the cirscuit eu=-
deavoring to wepress coppsr which is in fact entacgled with the Molybdenite. I
believe that having obtained somewhat near the desired grgde of i{olybdenite a
regrinding bafora the final cleaning xnight bo effective in removing inuolubla

and releasing coppor,

The percentage of recovery of Molybdonite is governsd by the Molybdenite
content of %tho taila, Therefore a great dexl of atiention can be given to the

.

effectiveness of thin part of the {low sh:uev.

I believe the flow sheet incorporated in your letter of Cctober 8th is

‘faulty in ous respect., The middling from any machine should work its way back thru

the machines ahead or it instead of being sent back to the ball mill., The middling
is a middling because of a desirs to make a clean concentrate and is not necessarily
unfloatable Molybdenite. Why, for instance, Gilute a 40% Molybdenite by dunping 1t

into a 4% heads when thers already is & machine handling 40 % product?

Likewise the concentrate from the machines scavenging the tails is low
grade and should enter the circult at a low grade point, preferably the ball mill,
rather than into a comparatively higah grade cleaner concentrate. I realize that the
flow sheet sané me is still in an embryonic stage, dut in making any changes I think

the above criticism should be checked up. /

I regret that I could mot make a locked test. The ordiﬁary laboratory
flotation machines are made to work at their best when handling 500 grams. With a
concentration of 40 to 1, for exaupls, and a desire Lo Lave 500 grams in the final
machine, the original sample would have to ve £5,000 grams. Such an extensive test
is not warrantsd until a reasonable certainty as to details is obtained., It would
geem best to do it bhefore building a pilot mill.

Yours very truly,

Tohn ¥, Yrahanm,
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LEVIATHAN MIN

&

60 Kiles south of Kingmma, Molhave County, Arizona,

ACCESSIBILITX:

Big Sandy highway 49 miles from Kinguan., Partly consvructed old road

> < - bl \
1 miles to mine, needs repuid and 2% miles of new road.

PROPERTY:

7 patented clalms, £ wide and 3 long, plus one exitra claim to west.
P » » P

QWNERSHIP:
Leviathan Metals Compsny, Theo Hollister, Pres,, 422 Providence Bldg.,

Duluthm Minn., Am Arizona Corp,

DEVELOPMENT:
260~ft tunnel, driven on vein; 260-ft steeply inclined shaft, with 800
feet of drifting on 100~ft level and 235 feet of drifting om 250-ft level. Con~

siderable shrinkasge stoping betwesn 100-¢ end tunnel levels, filled with waste,

ORE OCCURRENCH:

Two parallel veins striking N 30 E dipping from 70 to 80 degrees to the
Wast., Veins 400 feet apart. Vein outerops consist of iron-stained sparsely copper=-
ézained much fractured quartz, Where Copper Canyon cuts the veins molyhdenite
outcrops. Elsewhere no molybdenum minerals crop. Leviathan vein outerop on which
development has been done, outcrops avout 1500 feet long with widths varying from
3 feet to 20 feet and averaging about 6 feet. Copper Wonder vein outcrop 2000 feet

long with veia widths varyisog from 3 feet to 10 feet and averaging about 5 feet.

Countiry rock medium grained much fractured and iron-stained monzonite. At

South end of property pre-Cambrian.complex.of granite and gneiss outcrops. -

1

Underground work snows molybdenlite and chancopyrite occurring chiefly as seams



and cementing materialt quartz breccia fragments én& sparingly disseminated
through the quarts fragments. Consistont values Zound under the outcrop prospected,
Rverage width of vein (Leviathan) 4 foet {eurface outerop width € feset). Values

of molybdenite and chancopyrite stronzest on footwall side of vein, especially

where the vein width exceeds 6 fsetb,

Ne work, other than superfiecial pite and cute, dono on the Copper Vonder
veln., The character of the cuterop of this vein is identical to that of the

Leviathan vein,

GRADE:

Carefully cut channel semples taken by Jas. Hill, Robert Oliver, and
J+B. Tenney show tho average of all veln materisl to be 1.02% io3,, 0.6% Cu, and
50¢ Au,Ag. Discerding trose somples under 0.4% MOSZ assuming that these low-grade
parts of the vein could be left us waste pillavs, tho-remainiﬁg grade averagos
1.2% MoS,, 0.6% Cu and 50¢ Au Ag, - Lo grede matedal I estimate as 100 of the total.

Details are shownnin the accompanying plans and longitudinal section.

OPE RESERVES:
Referring to the accompanyingz longitudinal section, it is seen that

there ars three blocks of ore, two above the L00-%t and ons betwesn the 100-£t and

\

the 250-1't levels, Assuming 10% as waste, thore romains a tonnage of about 50,000
tons of 1.2% oS, material, The Zsces to tho South are all in ore and there re-

~
mains yet to be prospected sbous 700 feet of duterops. The northern limit of the

vein has been reached on the 100-ft level, coinciding with the end of the outerop.

MINING:

Due to the faect that oxidation films develop rayidly on both the MoS,
and chalcopyrite in this oceurrence, a mining method will have to be used allowing
for the removal of freshly blasted ore to the mill bins as quickly as possible,
The walls tend, if left to stand, to Gloﬁgh. Probably the bhest mining method
will be horizontal cut and rill, using slushers to scraps the broken ors to the
chutes broken down on plank Plooring. Little or no timbering will be required,
as the wall sloughing does not oxtend more than 3 feet Irom the walls of the vein
material., The contacts Letwsen vein material and wall 1cck are sharp and no values

occur in the wall rock.



TRYATMENT 3

The ore 1s very similar to that of Copper Creek, Preliminary testing
following Copper sck procecure, by Prof, Graham of the Texuas School of Yines
At Z1 Paso 3howed thas a cleun molybdenite concentrate can be msce, as at Copper
Creek. Inswiriclent vwork hes been don¢ te show oxtractions, Nowever; the sol-
ution of the molybdenite-chalcopyrite:separation at Copper Creck, Cananea, and
Utah Copper makes 1t entirely probable that it can be staisfactorily solved for

Leviathan ore,

‘

A possiple out to the metallurgy is the use of the Cunningham~Donahue roasting
and leaching process., If this wore done, bthe milling would be such simplified as a
bulk sulphide concenirate containing about 20% each of M082 and copper would present

no problem ¢

104

%t all, The only drawback to this would be the more difficult marketing

of calcium molybdate as against molybdenite concentrates, The difference in price

of the two products would pay To~ the conversion plant in less than a year's operation,
Prof., Cunningham estimates the cost of such a plant for the Leviathan concentrates

N oy

(4 to 6 tons a day) would not excsed 525,000, and the cost of treatment not over

5¢ a pound of molybdenum, Royalty would be l%¢ 3 pound of molybdenunm,

ESTIMATED OPERATING COSTS AND PROTILE
A Assuming ConcenuratLon Plant 0 make MoS_  and Copper Concentrates

I
102¢'M08f --n-u-nt.-oh @ 907 k4~. sse e ~1 6 @ AO¢ o-‘uolot-.ona.oocotut$ 8.64
Oacﬁ Cu o--mmuooon-;-ll)'t W UUﬁ EXtPe ensn 9.6 ﬂ & "¢ noet s evsscesssecvsnoe 0067
50¢ A Ag @] UO% ux PP HEOPEDYOEOELEBTOEINOINGLLEIBIDOEBOOIRNNISLEOLEIEVLOALOIEGEORINOEDES 0040

“w
.

~3
'.—J

).Ottil Ill.i‘b‘...O.....'.......l...Q.‘.'O...........$

L]

Mining sceesoeessne s %
Milling, suossosoes
Haul to King 4/70 .
Frt from King 20/70
Texes and overhsad
Royalty 10% eensssne

o QR
* L

WO O O UG
GO O,MOoOo

$6,3),
Profit pexr ton of ore ...............-.o.....$3.40

Cost per ff MoSy = __ 6,31 = 107 = 24
218

B Assuning Concenbtratbion nlant and Cunningham-Donahue Plant,

1.25,4,,q ceveeranns 2211 Q Ooﬁ............el.Jﬁ MOS, @ 607 «ess 13f Mo @ S0¢ ,$10,40
C~6‘ Clebanissssies lz# (@] 351 PR D es ﬁ O ?Qooo-.o..n-.o.-ocoonooo-o 0.71
SJI Au PQ @ 8 /7 9069986008600 00008006600600600000600000000000e0000000c0s00000008CIIIES 0.40

Lotdl L R I L R T I I B I T I B A I A R N A I B IR I N ) Qlltsl

M‘ning veeneonse %2.50

h’..j.lling C L L B B ) 1025

aul to King &/2 0.2

Taxes and overhead . 1.00 Cost pew & Mo 4 6
ROyalty 10% esees 0.96 per # Ko = Eﬁiiig—iili it
Conc,Trastment, 15Xo 0,65

Patent Ro¥alty 1%X5 0,20 '

Frt.King,tvo Markat 0.35 (20/60)

Profit per ton OL ore PR RN N RO A R R AR L )



10% royalty paymentis assumed Lo owners, Cost figures assuming aa
exvraction rate of 100 tons a day.
Plan A shows a yearly profit assuming 300 working days of $102,000
Flza B " 1 w b I 1" 1" ] 1 t §l52,000
Molybdenum yield for either plam would be 390,000 lbs as coumpacredwith yleld at

Climax of 22,000,000 lbs a y=zar in 1937,

WATER D FLOPMENT:

An ample water supply would have to be developed in&the valley of the
Big Sandy Kiver. Loeal spring water is too uncertuin, as would be the damming of
sudh streams as Dsluge Wash, a large mountain canyon, a mile Ifrom the mine., The
mine makes very little water. The moat ‘avoranle site for water development
would be where the DUelugs Wash - Crow canyon washes debvouch into the valley fill
materisal of DBig Sandy River. As both these canyons have X very large drainage
basinsg, the probability of shallow water at this'point is very pood, At this point
where the wash is several hundred feeat w#ilo, there is a healihy growsh of wild
willow and ofther water-requiring shruba., Tris spot is just off the propesad new

road 5 miles Trom the mine and about 1000 feet lower slevation,

ROAD CONSTRUCTION:

The site of the propossed new road was surveyed two years ago and the
survey is gpended, A local Kingmen read contractor who has built most ol the
mine roads of the Kingman-Dhloride district gave me a contract price of $8,000.
About &) miles of old road has to bs repaired and about 2§ miles of maw road. The
total difference ia elevation btwesn the Big Sandy -oad and the mine is about

1,500 feets The elevation at thse mine is about 4,000 feel above sea level,

CAPITAL KXPIRSES

Agsumins preliminary development by tunnels of both veins

Plan A Assuming l00-ton conceatrator and marketing of MoS, concentrates
o

Preliminary Work
ROBA ssssusssossnsansensss 58,000
Boulpnielil sseevsessssscsss Z,OOO
1500 feet of tunnel ssevee 1\337_?_0__

$26, 750

Final lcuipment

Wator Development and Fipe-line and pump .... 15,000
L00~ton Concentrator sasssssosesssssnsencesse 40,000
Power Plant ,eesecvevesovosnscrssossversssenss 20,000
Mine Equipmont 0P eNNeVOIOIODOINSIOBREOIREIORBDOEGOLS 15,0QO

TOWnS?te VL PIPINEPT RN PONERVB00NINEIOPIOIRBGEROIEOITOTDE 20,090
NiSCOLle eevavesoncossvsvvssessecssesscncnsose 10,000

Viorking C&pit&l s 000 ENeENLLEIORIIOIGNOINIOIOIGEOROSE l0,000 $l58,750



(]

SR & . - By T o s LT S "
vning 100-4ton Concentratory srd Ursatment Plant at Kinoman
e o W h o ks

Proliminary Work a8 o1 FIAR A sssessnsessonsnsassescsssssss § 28,750
Final Equipm nt Same as for Plan 4 plus Treatment Plunt, ... _ 155,000
: Total wi8%,780

Submitted by J. B. Tenney,
Mining nagincer,
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