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LEV1NfHAN MOLYBD1::NITE ORE 

FOR 

MR . :r . B. TENNJIT 

BY 

JOHN F . GRAHAM 

TEXAS COLLEGE OF ?- I rES AND Uill'fALLURGY 

EL Pl\.sO. 'l'EXAS . 

'" * >I< 

2? te /1/f,f7//Y ; ~SS-~e; 
it?2r t% ;21"'7 pfPE~ 
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Mr. J. E. Tenney, 
1070 Mountain Ave., 
Tucson, Arizona. 

Dear Mr. Tenney: 

'. 

The Molybdenite ore which you sent me for testing assayed: 

MoS2 = 6.51% Cu. = .56% 

This ore is ident1fied as the Levi athan ore. 

Your instructions were to test the ore in conformity to a flow sheet in-

eluded in your letter. In tho main I hlive i'ollow:~ d tho.sa instruct i ons, but I 

have deviated at timos whon it seemed more likely to give better results. 

Because of the high cost of Molybdenum assays I have mado little attempt 

at metallurgical balancing but have tried to pick out indicative samples for 

assaying. 

The one balanced test that I made is summarized below: 

Material Weight Assay REl covery 

Grams 1-1oS2 Cu Insol. MoS.) Cu 
% <-

Concentrate 42 83.45 .48 12.4 44 . 80 1.8 
Middling 35 27.12 1.72 9.75 5.5 
Middling 35 11.72 . 98 5.25 3.2 
Middling 300 5.64 .57 21 .70 15.6 
Tails 1658 .87 .49 l8.fiO 74 .0 

2070 100.00 100.1 

Calculated Heads 3.80 .53 

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

being only 2% 7 100 mesh. 

The procedure of the te s t was: 

Grind in a rod mill with a wate~-"olid ratio of .6 to 1 and 6 lb of 

li!llG to the ton of ore. The amount of lim.e to be used will be governed by the ore, 

the water I:lnd the quality 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 

th1s by say1n;::; that the coarse Molybdenite possibly shoulo be removed from the tails 

by a classifier.) 
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The tails from this operation C(tn be r::'oated for cop.po r with good results. 

In one tost, not tIllS one, I produced a copper concont r ate assaying: 

Cu = 16.26'% Au = .02 oz AS = 4.8 oz 

with a recovery of 76.4% of the total copper. 

Considel"ine the low copper value of tho heads or the Oro tested, any saying 

of copper from this particular grade would be uneconomic. 'rhe reagents used were 

1 lb CUS04, .1 lb Amyl Xanthate and pine oil to make a fro th. 

The rougher concentrate was thon floated, using 2 lb . sodiu.-n. cyanide as a 

copper depressant and pine oil sU1~ficient to IC.aintClin a i"ro·~h. Each concontrate 

made was refloated with 1 lb. sodiw~ cyanide , calculatod on t he basis of original 

tonnage. This is more cyani de than is needed for these small concentrates, but it 

maintains the same cyanide stronth of solution. 

In this test the rou[!,her concentrate was refloated six times and then the 

various cleaner tails combined e.G shovm on the table. 

The computed heads f or this tefJt ViliS 3.8% M082 instead of tha 6. 51% shown 

by a So..)11pla of th8 ore. This can be accounted for by adm.itt ing that tha head s1illlple 

is incorrect, either in sampling o~ in assaying, or by admitting that the sample taken 

f or the teot, altho~h quartered. out, was actually lower than . the true hea.ds. 

I feel that the 12. 4% insoluble in the concontr:;\te can easily be l owered 

a1 ther ':.Jy regrinding or m~r ;nanipuilltion thus bringini:; the product above the re­

quired minimum. 

One test gave a concentrate from 2000 grams , of: 

Wt . = 24 gr~~s MOSZ = 88.54% Cu = .50% 

These are the only Yiolybdonite U'SSflyS on the concentrate that I had made . 

I have copper assay of a second concontrate running .50%. 

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

. 93%, .41%, and .79% MoSZ" 

The tailing assayin.g 179% MOS Z was screened and the component parts 

assayed with the following r ssu:tsl 



........ .... 

Mesh 

- 65 I 

65, ... 100 I 

100, -+ 150 
- 150, 1" 200 

- 200 

Q.ual1 ty 

9.5% 
37.0 
Vt.5 
12.5 
26 .5 

- 3 -

Assay 

% MoS.") 
~ 

. 89 

. 01 

.91 
. 58 

.65 

Distribution ot MOS2 

10.0% 
4~~.0 

16. 5 
9.0 
~~ 

100.0 

This shows that the llolybdenite losses in the tailing c1ooe1y parallel 

the character of the grinding, with l5C mesh ao an apparent dividing line. One 

third of the tailing losses can be ayo dad by grinding bel ow this limit. 

However, this 1s but one 

and for effect on copper con~ent • 

il 
tr 

A test on the disposit ion 

Mat et'ial ~'" i ht [,,, e g 

Tails 92.1 
Copper Cone . 2.65 
Mi ddling No. 1 3. 25 
Middling No. 2 1.3 
MoS2 Conc .7 

100.00 

test and needs 

/I I} 

0-: t he copper 

9cmper Assay, 

.11 
16.28 

. 58 

.65 

.72 

to be 

~ave: 

checked up for 

Recove IiC 

17.8 
76.4 

3 .4 
1.5 

. 9 
100.0 

# # # 

2070 grams raw ore at 3.80}& ::: 78.66 Grams MOS2 

1658 " Tails at .87 = 14 . 42 It " 
42 " Conoentrate at 83.45 = 35. 05 II " 

49.47 " tt 

370 " middlines at 7.89 = 29 . 19 II " 
?8.66 

correctness, 

The actual rec overy as concentrate is 35 . 05 grams from 78.66 grfu~s or 

44. 8%. But if you admit that the mi ~ i makes no mitic.:l i n:; then the recovery is 

35 parts out of 50 or a recovery of 70% . Thi s presupposes a tailine of 1.14% 
MoS2 , and since I do not think you should get a tailing that hi~h, your recovery 

should be higher than 70%. 

All thi s is pred.ice.ted. on heads of 3.80% MoS. I would expect the value 
2 

of the tails to be ribout constant regardlel30 of changes in tho l:;rade of :he feed and so 

the higher the fed value the greater the recovery. The actual value of tho 

tailings will of course be modifi ed by the Care given them, such as regrinding, etc. 
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CONCLUE;IGNS 

A low tail1n~ value '1:,11::. bo obtt:lined if the rougher concentrate tallin;;s 

are scaveIl;!.ed by rep\:.J<lted l"efloat s, ~~ lle conc8ntrute made 6<.l ch b.m.0 working back 

to the rOu,1;,sr mactine or oven to the ball mill. 

A certain U!!lOunt of copper persists throughout the cleaninGs into the 

f1nal concen-:;rate. I think cyanide can ·De wlis1".Gd in this pa:,C't of t,r.a c;i ::e;,li t e-u­

dee.-;oring to I.epress copJJ-3r which is in factent uugled wi tll the MolybdElni teo I 

believe that having optainea. somewhat; lle(n~ the ,lesired grade of r"olybdenite a 

regrilldin[;~ bofOl"i.l the rin111 cl':Hmine 11icllt bo oi'foctiv·e in ~emoving insolublo 

and rolen.sin;:: cop.";).or. 

The percentage of recove-:y of Uolybdonite is governed by the r;ol:r.bdonite 

content of tho t;aila. 1'hGrofo:i''U a 6:.c·e~~t <.lG~l of at ~011tion can be Given to the 

effectiveness of t~io part of the f O~ sh~et. 

I bolieve thE: flow sheot ill(Wi'p':.lrutod in your letter of October 8th is 

raul ty in Olla rospeot. The middling fi.'on. a.."'lY machine should work its way back thru 

the machines ahead of it instead of being s ent back to the ball mill. The middling 

is a middling because of a desirt< to make a clsEln concentrate and is not necessarily 

unfloatable Molybdenite. Why, for instance, dilute a r.:CY1o U:olybdenite by du.'Uping.it 

into a 1.% heuds when t ·herl3 already i3 a ma.chine handling f10 % product? " 

Likewiso "the con~entrate from the machines scavenging the tails .\3 low 

grada and should enter the circuit at a 10Vi GI'a<ie point, p::.~eferably the ball mill, 

rather than int o a COmIJar.'ltively hit~~ [;rado cleaner concentrate. I realize that the 

flow sh'3et sent me is still in un embryonic stage, but in mnking any changes r think 

the above criticism should be checked up. I 

I regret that I could not make 0. locked te st. 'rha ordinary laboratory 

flotat ion w.3.chines !:lro m-ldo to work <1'(; theLt' best v';'wn handling 500 grams. Wi th a 

concentrutior. of ~O to 1, 1'01' eXalt.pl€1 , ll:ld a G.esiro ~o have 500 g·rwns in tho final 

machine, the origino.l 6mnplo would ht17e to os 25,000 grams . Such an extensive test 

is not warrF.ntad until a reasonable certainty as to details io obtained. It would 

seem baat to do it before builciing a pilot mill. 

Yours very truly, 

John F. IoI-raharn . 
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UVIATHAN MINE 

LOCA'l'ION: 

GO ldles south of Kinsman. l!.ohaY9 County. Arizona. 

ACCESSI :;3ILITY ; 

1313 Sandy highwuy <1-9 millJs fl'Oln KinS;llcm. Partly oonsl;X'uciied old road 

. \ 
11 I:l.iloo to mine. needo l'epuld and 2-~ mil<.;;s 0:..' nt}w l"oaJ. 

PROPERTY: 

7 patented claims. 2 wido and 3 long . plus one extra olaim to west . 

OWNERSHIP: 

Leviathan Metals Company. ThEtO Hollister. Pres •• 4~2 Providence Bldg. J 

Duluthm Minn. lU1J. Arizona Corp. 

200-ft tunnel, driven on vein; 260-ft steeply inclined shaft, with 800 

feet of drifting on 100-ft level an<i 235 teet of drifting on 250-I't level. Con-

81 derflble shrinkaGe e:toping hetwO(Hl lOO-ft 8,nd tunnel levels, filled -.vi th waste. 

ORE OCCDRR!'NC}; : 

rwo parallel veins strikin:~ N 30 E di~)ping from 70 to 80 degrees to the 

We3t . Veins 400 feet apar~. Vein (),.ter ops consist of iron-stained sparsely copper-

s-cained much l.'I'ac '~ured quartz. Where Copper Canyon cut~ the veins molybdenite 

outcrops . Elsowhere no molybdenum minerals crop. Leviathan vein outcrop on whi ch 

development has been done, out crops u'oout 1500 feet long with wi<iths varying from 

3 feet to 20 feet anti avera3ing about 6 fee t. Copp~r Wonder ve in outcrop 2000 feet 

long with vein widths varying f'rom. 3 feet to 10 feel; and liveragi~ about 5 feat. 

Country rock medium grained much fractured Qnd iron-stained monzonite. At 

South end of proporty pre-Cambrian.~o~plex.ot granite and gneiSS outcrops. 

UnderE;rouna. work S:c.OW3 ~olybdeni to und chancoPJ'rl te occurring chiefly as ee::uns 
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and cementing Ttlclterial'to quartz brocoi' f:.:-ugmt.:tuts and. sparinsly disseminated 
1 

through the O,Ulwtz frn(~munts.. CotH3is to::1t valuos :~· ou\1c. \;ndor the outcrop prospected. 

1\verage wid·th of vein (Leviat;han) 4 !oet (8u::-fnca out crop width 6 feet). Values 

of molybd~n1te anil r,hancopy~ite stro~~o0t on footwall side 0: vein, especially 

~hare the vein width exceeds 6 feet . 

-v-ein. 'fha chn:r.nct~r of th~' Clltcl'OP (If tbis 't,')in is idc;u~ical to that of the 

LO\iiathan vein. 

GP..ADE: 

Oarefully cut channel 132.T.\plos taken by Jan. Hill, Robert Oliver, and 

J.B. TenHay show tho avorage of all 'lein ~r.ntoT'iQl to be 1.0:'$ MOSZ' O.G% Cu, una 

50¢ Au,Ag. Dlf,ot.rdin[~ ttofia ('Z'mplo!1 undor. O./l% MOS2 Q8s\J~intl that these low- grade 

~8.rtf; of th(; 'loin could be left !i8 • ..... !l.dtt) !iillf.H~~j, the ·rerr.ainine e;l'a':i3 a:veragoG 

1.2% MoSZ' 0.6% Cu a~d 50~ Au Ag •. Lo gr~de y.~taQal I e6timat~ ao 10% of the total. 

Details are shown in the accompanlin~~ plans and longitudinal seotion. 

o ~E RESETIVES: 

Referring to the accompan::rin,~; lon;.~i t udinal E:.ection. i't is seEm that 

there are three blocks of ora, two ebov€l the iOO-ft and ono betwosn the lOO-ft and 

tons of' 1.2% Mo,'3o mate!"ial. Th0 .::'eC9S to tho South are all in ore nnd tharo re-
o.. 

mains yet to be prosJ,)ecten o.bout 700 fo 'at of out crop. T~9 northorn limit of the 

vein haa been reached on tho lOO-ft level, ooinciding with the end of the outcrop. 

MI-1\TING; 

DUG) to the fact tMt oxidation. filmB C1s'lelop raljidly on both tho MoS2 

and ohalcopyrite in this occurrence, u 1i1inin~~ method will have to be used allowing 

for the removal of frl3shly blaf.lted ora to tho mill bins as quickly us possible. 

'fhe vmlls tend, if le ft to stand, to Glo1.tf;h. Probably tho b05t miniIl6 method 

will be horizontal cut and fill, u,s inS slushers ·to s crape the broken are to the 

chutes broken dOVffi on plunk flooring... Li t-;;le or no timber.ing ",,,,ill be r(Hluired, 

as the wall slou:!hi~g dof:ts not extend. more than 3 foot l rom 'Cho walls of' the vein 

material. The oonta cts between vein matE)' .... is.l and wall r ock are sharp and no values 

000\:.1' in the wall rock. 
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TRt!'ATMEN'r: 

The ore is very similar to that of Copper Creek. Proliminary tE1st in.g 

following Copper Cl'cck proccclUl'e, by Prof . Grah!r:n. o f the 'i'e:\.u 9 Sohool of' 10 nes 

At El Paso 8howecl thlll; a cloun molyhdellit.e COIlcentre.tl3 CI.tn be Illf.H:Es , us ut Copper 

Creek. Insutfici6nt \\ ork has lioGn dOl1'.~ 1.0 show oxtraetlona. Horwver; the 1301-

ution of the molybdenite-chalcopyrite' ~;eparation fit Copper Creak , Cananea, and 

Utah Copper nukes it entirely probable that it can be stnisfactorily s olved f or 

teviath~n ore. 

A possiole out to ehe metallurgy is t ho use of the CUlm 1nglv.,iJIl-D·:.nlahu9 roasting 

and leaching p.:-OC0.83. If t~lis wore done , the ~'!1.illing woug 00 sunh simplif'ied as a 

bulk sulphide conoent ... o:~e containing Ilbou':; 20";b each of 1.1082 and oopper '.';ould present 

no problem fit 0.11. The only drawback to this would be the more dif:~icult marketing 

of calcium molybdate as aE;ainst molybdenite concent:rates . 'l'he diffe:rence in price 

of' the two products would pay fo ~" the conver.'3ion phnt in less tho.n a year's operation. 

Prof. CUT1nin(~hmn estimat es the cost 01' such a plant f o t' the Leviat han concentrates 

(4- to 6 tonE! a day) would not o:r..ceed ,;'25, 0:)0, and the cos t of' t °t"eatment not over 

5¢ Ii :9ound of molybddULU1l. Roya~_ty °No ulti be li¢ e. pound of molybdenum. 

Es·rJ:i!.,\'i'.2D OPBRNl'ETG- COSTS f,J.;.D P20FIl';:3 --- -
A :c:; ;,\.;-::dn,:" Concentra:tion Plant to 1:1G.ke Y.oS" and Copper Concontrates 

~ 

1.~%oM03,: ••••••••••• 24# @ 901 Extr • •••• 21.6 # t!} 40¢ ••••••••••••••••••••• $ 
o. (,'10 Cu ~, ••• •••• ••• • 12~{ I<) 80% Extr . .•• • 9 . 6 /1 ~ 7¢ nuc •••••••••••••••••• 
r:., Otf, t\u Ag @ 8C1;'b Ext I' ." ... 4 .... ................ . ., . ............................ . 

'rotul ............ . .................................. $ 

Mining •• •••• ••••••• 
Uilli~~ , •••••••• • • 
Haul to King 4/'10 • 
:Frt from King 20/70 
Taxos and overhead 
Royalty lry~ ••••••• 

~;2 . 50 
1.50 
0.06 

.30 
1.00 
0.95 

~6.31 
Profit per ton of ore ••• •• •••••••••••••••••• $3 . 40 

Cost p cr 1/ 11oS2 :: _..:.:6..:: • ..:.:3.:::1~-~1O;;;:..;..7 _____ :: 2~J;~ 
21.6 

B ASB Ut.1. inp: Conc entration l)lant and Cun ~.ine:ham-Don:1hue Plant . 

8. e.4 
0.67 
O. {O 
9 . 71 

1 r'J1. ,~ C' 2 1o.(l ~ "0'11 "1 -"' if I~ OC' ,l'\. 6"'" 1"1.' Mo .... 80'" ~10 40 • G,;j kO'-' 2 • • • ••••••• _:;~;I v IJ •••••••••••• r.. • Oil lV .. u IJI 'oJ!') . • • • \J,t ..., '? 'Ii' • 
rrf j ", ° - ,. ,0 10 < oJ' 0' 2.. 1 O.G ~ Cu .~ •••••••••• 12if G dDfo ••••••••• •• • ~ ff ~ ~~........................ 0.7 

501 ..r\.tl Ag to eCJ%, ......... .... ....... . ................................................................... 0" 40 
Tot~l ••• ••••• •••••• •• ••••• • ••••••••••••••••••••••••• $11 . 51 

MininG ......... . 
~il lng ••• ••• • • 
'·':.lUl to Kine {;/ 20 
'faxon and oVorheD.d • 
Royalty 10% •• ••• 

Cone. 'rrestment ,13"A5 
:Patent Rovalty 11\X5 
Frt .King,to L1ar ket 
Profit per ton of ore 

~~2 .50 
1.25 
0. 20 
1.00 
0. :38 

Cost per # Mo:: 7.11 - 1.11 • 46.15_ 
13 

0.65 
O. :-~I) 
0 .3'3 (20/60 ) 7. 11 

$4 . 40 .................... .. ............. ... 
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10'/~ royalty payments assumed to owners, Cost figures aSHillning an 

ax"traction rate of 100 tonCl a J.u.y. 

Ph,n A 
1'1:.1:1 B 

sbows a yoarly profit a ssuming 300 working days of <" 102 , 000 
" Ii If f! II " ~;132, 000 

!.{olybdenum yi old fo::- e1 thor plHn would be ~590, 000 1ba as cO:ltP/;l ... ~&d.Vli th yield at 

Climax of 22 ,000,000 1 bs a. Y':::(l.'\" ir. 1937. 

f 

An ample water supply would. have to be developed in the valley o f the 

Big Sandy Hivar. Local sprlng water is 'coo w'lc ort;13.in , a~ would lie 'cha dallli.111ng of 

t3uoh strear.l.f3 as Deluge Wash f i~ larsa fIlo lmtain canyon, a mile f rom tho mine . The 

mine makes very 11 ttle i·fater. 'rha moat 'avora'DllO' site f or water development 

would be 'l'!' liel'~ '~hEl Deluge Wash - Crow .;Iluyon washos deiJouch into ~he valley fill 

matari!il of Big Sandy Hi -';-01'. 11..6 hoth the:H, Clinyons have rf. vary lar.,:e drainage 

baGins, the probability of shallow wa'~er at this point is very good . At this point 

whoro tha ~vash is s'3voral hundred feo'; .-:i<1o , there is a healthy groYr~h ot·wild 

',dllow ane.. other wa'tGr·-r€lqtlir~n.g 5hru~s . Thin spo':; is jus 'i; of f '~h& proposed new 

~oad 5 miles f rom t~o mine and about 1000 fea t lower elevation. 

ROAD COlJS'rrmC'rION: 

Tho ni,ta of the proposed new :road './lilS surv0y&d two ye~rl3 a.go €1n<l the 

survay is ~ended. A loca l Kin[-;man }'oad contractor who hCt ~ uuilt most of the 

min9 ro,~ds of the K.iIlblilUn-Dhloria.e distri ct. gave me a cont r a c ~ price of ?>b ,OOO. 

About S~ miles of old. road hu s ,to OA repaired and about 2t miles of naw road. The 

total dit1'eronce in elovation btwoen the Big Sandy 'oad a nd the mine is about 

1,500 teet. The elevation a t the mine ' is about 4,000 feeL above sea lavel . 

Plan A As~umins 100- t on concentrator a nd ffiurlu!.B.!!Jl of MoS3 concentrates 

PrBl1mi n!1l'Y Work 
HOAd ..................... $8,000 

~: , OGO 
l Ch.750 

Final }.!:qui:pmont 

Bq,ui YlTleut • • ••••••••••••• • 
1500 feet of tunnel •••••• 

Viator DEl~lelorJlnent and Pipe-linG und pump •••• 
l OO-t on Conc8utrator- •••• • ••••••••••••••••• , •• 
PO'Jlf-)r Plant • . •••••••••• " • ••. • .••••••••..•••• 
Mine Eq uipmoIlt •••• • ••••••••••••••••••••••••• 
TovJnsit e •••••••••• • • •••.•••••••••••••••••• •• 
lr:iscel •••••••••••••••••••••••••••. . ..•.•..•• 
Working Capital •••••••••••••••.••••••••••••• 

$2& ,750 

15,000 
40,000 
20,000 
15,000 
20,000 
10, 000 
10,000 $158,750 



- 5 -

P:.. ... E.~liln1 nar\r ~·}~ol·k us for" I"lun It. ... ,. fJ ....... ....... .. ........ 1t . (110 

Final ]!;qu1:pm nt Sama us f or Plan A plus 'rreatme:--:, P::'cmt, • • • 
'1'0 t:::.1 

Submitted by J. B. Ta~n0Y, 
Ai~ning :c.c.:.€inc~ I'. 

COl.; Y 
1-8G-38 

~ ~~8, ?C,O 
155: 000 

~j183, ?U) 


